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Molten Salts: Volume 4, Part 2, Chlorides and Mixtures

Electrical Conductance, Density, Viscosity, and Surface Tension Data

G. J. Janz, R. P. T. Tomkins, C. B. Allen, J. R. Downey, Jr., G. L. Gardner, U, Krebs, and S. K. Singer

‘Malten. Salts Data Center, Department of Chemistry, Rensselaer Polytechnic Institute, Troy, N.Y. 12181

Data on the electrical conductance, density, viscosity, and surface tension of chloride mixtures .
have been systematically collected and evaluated. Results are given for 124 binary mixtures over
a range of composilions and temperatures. Valucs of the above propertics _for the singlc salts have

been updated in accord with previously advanced recommendations.
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1. Introduction

The published data for the four physical properties:
electrical conductance, density, viscosity, and surface ten-
sion for molten mixtures of chlorides—chlorides have been
reviewed and critically assessed, and the results of this
work, together with value judgments are reported herewith.
This publication is Part 2 of Volume 4: Binary Mixtures of
Halides. For earlier publications in this series see [1,2,3.4]1.
In addition to the assessment of the binary chlorides, a
review of the data for single salt chloride melts was under-
taken as an update to the recommendations advanced in
1968 and 1969, and the results of this work are also
reported. .

Chloride mixtures are arranged in alphabetical order
by cations according to chemical symbol, The presentatior.
of the material is organized as follows: some observations
concerning melt preparation and purification are given
together with a temperature-liquidus phase diagram, when
available. This is followed by a tabular presentation of the
investigations critically examined, including temperature
and composition ranges, and comments on cell materials
and calibrations. Table{s) of recommended numerical
values over the experimental temperature and composition
ranges complete the prescatation. Each of the four proper-
ties are treated separately. General summary tables giving

INumbers in brackets refer to literature refercnces in section 8.
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a total overview of the number of investigations and appli-
cation of techniques are provided at the end of the manu-
script.

2. Symbols and Units

The symbols and units® for the four physical properties
in this compilation are:

x = specific conductance (ohm-l¢em-1)
p = density (g em-3)
n == viscosity (cp)
y = surface tension (dyn cm-1}.3
In addition:

E = activation energy (cal mol™1)

A = equivalent conductance (ohm™! em?® equiv™?)

C = concentration (mol %)

R = gas constant = 1.98717 cal mol™? deg™?

T = temperature in kelvins, defined on the thermo-
dynamic scale by assigning 273.16 K to the triple
point of water ({reezing point, 273.15 K = 0°C).

?For conversion to the SI system:

10X 10w
1 X 10°K g em—3
1 X 107N s m—2
1X 10-N m—!?
4384 ] mel—l

Y ohm~lem~?
1gem=3
1cp

1 dyn em™?
1 cal mo}~?

i uq

3When 7 is treated as a free energy per unit area, it is given the unit, erg
cm™3; this is dimensionally identical 1o dyn cm™1,
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3. Experimental Methods

The principles and practice of cxperimental 1measure-
ments of electrical conductance, density, viscosity, and
surface tension have been reported in the preceding vol-
umes [2, 3, 4] as well as more specific remarks of utility
relative to molten nitrates and molten fluorides. See also
[222] and [305] for some additional comments. These
principles and procedures are generally applicable to work
with molten chlorides if due care is taken in the selection of
materials for containment of the melts; chlorides are less
“aggressive’” than fluorides and the material problems are,
accordingly, less severe. Pyrex, Vycor, quartz, and plati-
num have been widely used in contact with molten chlo-
rides; useful summary tables on containment and corro-
sion are given elsewhere by Janz®, and the theoretical
principles have been discussed by Littlewood?. Information
on melt purification, containment, and experimental tech-
niques, as reported for the various binary chloride-chloride
mixtures. has been summarized and this is given elsewhere
in this work. The remarks in this section are limited to
some points for attention when precision and accuracy
are important consideations to the measurements.®

3.1. Electrical Conductance

A study of the experimental methods used for molten
salt conductivities has been reported by Ketelaar and
Maenaut’, with particular attention to possible errors. The
results may be summarized as follows.

The various conductanve cell designs may be grouped
into 3 principle design types: (i) the U-shaped capillary
design, open only to the two electrodes and in which the
molten salt is entirely contained within the cell; (ii) the
dip-type capillary design, consisting of a single capillary,
or “twin” capillaries immersed in the molten salt, with
the result that the external surfaces of the cell are also in
contact with the melt; and (iii) the non-capillary type
cells having plane electrodes or hemispherical electrodes
immersed in the molten salt. With the former two types,
high cell constants can be attained with the result that the
conventional high-precision ‘AC conductance bridge tech-
niques are readily applicable; with the latter, high cell
constants cannot be achieved so that special techniques
suitable lur very low resistance measurements must be
used, e.g. such as the Kelvin double bridge.

The conductance recommendations advanced for the
alkali halides as single salt melts in the first volume in
this series [1], were based on the work of Van Artsdalen
and coworkers, in which versions of the dip-type capillary

cells were used. The possibility of parasitic conductance -

through the cell walls exists in this design. Although the

4G. J. Janz; Molten Salts Handbook: Sec. V.B. p. 388-405; Academic Press,
N.Y. (1969).

SR. Littlewood, in *Corrosion”, R. Schrier ed., Vol. 2, Chap. 9. MacMillan
(Pergamon) N.Y. (1963).

®The commercial sources of certain materials are identified in this article in
order to specify adequately the experimental procedure. Such identification does
not in any case imply recommendation or endorsement of the material by the
National Bureau of Standards.

‘J. A. A. Ketelaar and P. P. E. Maenaut; Electrochimica Acta, 17, 2195 (1972).

conductivity of quartz glass is negligible at temperatures
as high as 1000 °C, this may no longer hold true when
the guaitz sutfaves are in direct contact with the molien
salt. The diffusion effect of alkali ions of smaller iomic
radii (e.g., Li*, Na*) from the melt into the quartz may
be sufficiently significant at the higher temperatures (800-
1000 °C) to constitute a parasitic conductance, with the
result that observed values will be too high. The electrical
conductance of molten sodium chloride has thus been re-
investigated by Ketelaar and Maenaut, with special atten-
tion to possible errors due to this factor. The parasitic
conductance of the walls, for cells of the dip-type, was
measured in the temperature range of 800-1000 °C, using
molten NaCl and high precision ac conductance tech-
niques. A redetermination of the conductivity of molten
NaCl with the U-shaped capillary cell design was under-
taken and these results together with an overview of the

total input for NaCl are given below.

A graphical comparison of the percent departures of the
data of varione investigators with the NSRDS recam.
mended data base is shown in figure 1. Values of bhoth the
specific conductance and the equivalent conductance at
rounded temperatures from the investigations of Van
Artsdalen and Yaffe [1] and Ketelaar and Maenaut [309]

are given in table 1.

TaBLe 1. Comparison of specific conductance. (x) and equivalent
conductance (A) values at rounded temperatures for NaCl
from the investigations for Van Artsdalen and Yaffe [1]
and Ketelaar and Maenaut [309]

x (ohm™! em™1) A (ohm™? cm? equiv™?)

T Van Artsdalen Ketelaaer | Van Artsdalen | Ketelaaer

1080 3.596 1354

1090 T 3.629 137.1

1100 3.660 3.689 138.8 140.0
1110 3.692 3.715 140.4 141.3
1120 3.723 3.740 142.1 142.7
1130 3.753 3.764 143.8 144.1
1140 3.783 3.787 145.4 145.4
1150 3.813 3.810 147.1 146.8
1160 3.842 3.831 148.8 148.1
1170 3.870 3.852 150.4 149.4
1180 3.898 3.872 152.1 150.7
1190 3.926 3.891 153.7 152.0
1200 3.954 3.910 155.3 153.3
1210 39808 3.097 1570 1546
1220 4.007 3.944 158.6 155.9
1230 4.033 3.960 160.2 157.1
1240 4.058 3.975 161.8 158.4
1250 4.083 3.990 163.4 159.6
1260 4.108 4.003 165.0 160.8
1270 4.132 4.016 166.6 162.0
1280 4.156 4.028 ' 168.2 163.2
1290 4.179 4.039 169.8 164.4

Temperature-dependent equations

K¥an Artsdaten” = —2.4975 - 8.0431 + 10737 — 2.2227 « 1067
Avan artsaaten” = 544.6 exp (—2990/RT)
KKetelaar = ~—4.0896 + 0.11528 « 10737 — 4.0534 « 10~67%
standard error of estimate = 0.27%
Axketeraar = 417.7 exp (—2390/RT)
" standard error of estimate = 0.30%

*From reference [1].

J. PHys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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Ficrre 1. Comparison of percent departure of the data of varivus investigators with the van Artsdalen specific conductance data for NaCl.

Inspection shows that the techniques are in agreement
t#1.0%) for temperatures from 800 °C to ~930 °C; at
higher temperatures, the dip-type resulis are uniformly
1020 °C).
The parasitic conductance effect is thus a significant factor,
and due cognizance of this is important for measurements
where highest accuracy is an imporiant consideration. 1
dip-type cells are used, the parasitic conductance effect may
be corrected for by undertaking additional measurements
with an assembly in which the capillaries of the conduct-
ance cells have been flame-sealed; the effect may also be
diminished by a double walled capillary, in which the two
surfaces are separated by an air Javer. The alternate is to
avoid this through the use of the U-shaped capillary design,

highcr {maximum percent departure, —3.35%,

1. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

air thermostatted, and in which the molten salt is entirely
contained within the conductance cell.

Inspection of the updates for RbCl and CsCl, show quite
similar deviativus when the van Arisdalen results are com-
pared with results from other laboratories and this appears
as additional support for the preceding viewpoints. It is
apparent that unless due care is taken to eliminate the
conductance parasitics, measurements of the electrical con-
ductivity of such molten salts at temperatures above 850 °C
should be viewed with caution.

3.2. Density

Some five techniques have been used for the density
determinations of mixtures of molten chlorides: (i) Archi-
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Archi-
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medean method, (ii) dilatometry, (iif) a flotation tech-
nique, (iv) pycnometry, and (v) the bubble pressure prin-
ciple. The principles of the three most widely used tech-
niques have been reviewed elsewhere [3]. The flotation
method, used by Boston [90,110] for alkali-halide-AlCl3
mixtures, is a recent innovation, well suited for moderately
low melting systems and capable of good precision and
accuracy.

3.3. Viscosity

The prohlem. of selected molten salts as calibrating fluids
for molten salt viscometers may be summarized as follows.

The viscosity of molten KNO3 has been investigated
some 13 times since the studies of Kalmus and Lorenz in
1907, and at least 8 times in the past decade (with both
capillary and oscillational techniques). A statistical treat-
ment of the values falling within the limits 1.0:1.5% agree-
ment, gives the following results [353]:

KNO; (temp. range, 630-750 K)
(110 data points, 13 investigations)

Power series equation:

n = 28.404 — 0.06752062T -~ 0.4220783 X 1074T*
{standard error of estimate = 2.05 X 107%)

and the derived viscosities at rounded temperatures are:

T (K) 620 630 640 650 660 670 680 690
KNO; (cp) 2.76 2.62 248 235 223 2.11 2.01 191

T (K) 700 710 720 730 740 750 760
KNO; (cp) 1.82 1.74 1.67 1.61 1.55 1.51 147

The preceding results are thus based on the results of some
13 studies independently undertaken at various laboratories
using either the capillary or the damped oscillational vis-
cosity techniques. An accuracy of better than =1.5% may
be assigned to the values thus established, and within these
limits, the results appear suitable for cross-checks of
viscometer calibrations at moderately high temperatures.

At somewhat higher temperatures, i.e. molten alkali
metal halides, {900-1300 K) the data are insufficiently well
established 1o enable recommendations to be developed
from the viewpoints of calibration quality data. The situa-
tion may be summarized as follows. Viscosity values that
have been established by two differing viscosity techniques
(e.g., the capillary and damped oscillational techniques)
are non-existant for the alkali halides, and indeed for any
halides in this temperature range. Potassium chloride
would appear a suitable candidate for this in view of its
availability, ease of purification. and high temperature sta-
bility. Of the 7 data sets known for KCi, all are from the
damped oscillational viscosity technique. A statistical least-
squares analysis of the data falling within the limits of
*1.5% agreement gives the results:

KCl (temp. range, 1060-1200 K)
(5 investigations, 23 data points)
©p=12.838 — 0.18646 X 107'T + 0.71861 X 107°T*
{stand. error of estimate, 9.90 X 107® (1.01%)

The viscositics at rounded temperatures thus derived are:

T (K) 1060 1070 1080 1090 1100
KCl (ep) 1.138 1.105 1.073 1.042 1.013

T (K) 1110 1120 1130 1140 1150
KCl (cp) 0.986 0.960 0.935 0.911 0.890

T (K) 1160 1170 1180 1190 1200
KCl (cp) 0.869 0.850 0.332 0.816 0.802

Two data sels fall far outside these limits, the 1964
results of Nishihara et al.? (20-24% departure; uniformly
positive), and the 1970 results of Grjotheim et al.? (—7 to
—10% departure; uniformly negative). In the application
of the oscillational technique, it appears insufficient to
cross-check the calibration with molten KNOj if the sub-
sequent measurements are at much higher temperatures (as
{or the molten halides) since the temperature gradients of
the torsion wire will differ, and this may be the source of
changes in the torsional constants.)® Atlention is also
directed to the recent results for CsCl by Zucall and given
elsewhere in this work; the data show uniformly large
positive departures (as much as 20% ) from the previously
reported data (all by the oscillational technique). In light
of these recent results from the Trondheim and Bucha-
rest schools® 11, the estimates of accuracy for viscosity data
for the molten halides, which rests on the oscillational
technigue, must be accepted with reservations. 1t thus
appears that if this technique is to be used with a reason-
able confidence factor in the temperature range of 900-
1300 K, cross-check measurements with calibration quality
data overlapping this temperature range Js important.
Studies, such as reported for molten KNO,, in which the
viscosity results are established by two differing techniques
would be a first step lo reso]ving this dilemma,

3.4. Surface Tension

The surface tension techniques have been reviewed else-
where [2]. and it is sufficient to note that, next to the
maximum bubble pressure technique, the pin method’?

fK. Nishihara. Y. Mateunura, and M. Mizuno; J. Chem. Soc. Japan 85, 404
(1967} .

®D. Dumas, K. Grjotheim, B. Higdahl, and H. W. Oye; Acta Chem. Scand.
24, 510 (1970).

MAuention is directed 1o vhe work of Kestin and colleapucs concerning experi-
mental investigations of the internal friction of thin platinumn-alloy wires ot low
frequencirs. The results of these studies show that an alloy of 92% Pt and 8% W
is especially suitable as a torsion wire, in view ol its Jow internal friction and
stable elastic constamt. In the work of Kestin et al. a wire of 0.05] c¢m. diam. and
§! om length was used. after a heat treatment (980K) 1o relieve stresses. See
J. Kestin and J. M. Moszynski; Brown University Report AF891/11, July 1958;
AFOSR 7N-38-752; ASTIA Doc. No. 201, 516; see also R. S. Marvin. J. Res. Nat.
Bur. Stand; 75A. 535 A(71).

1S, Zuca. privole communication to G. 1. Janz (1973).

32G. J. Janz and M. R. Lorenz; Rev. Sci. Instr. 81, 18 (1960).
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(rod with flat circular endface) and the Withelmy method??
(rod with flat rectangular endface) have been used most
widely. Based on a theoretical analysis of the above two
detachment methods, Lillebuen' recommends the following
method for calculating the surface tension from the experi-
mental quantity, AW .., the detachment force.

The Pin Method: The surface tension is given by:

AW asx Ty (1)
y=—7— (
2ar v, |’
where ¥, is the largest reduced volume of liquid that
can be held above the
detachment, and r, is the reduced pin radius. The quantity
{=r,/V,) is thus equivalent to a measure of the deviation
from the simple intuitive relation advanced earlier else-

where [2]. The calculation of this term is possible from
a knowledge of r, p, and AW mayx, and the equation:

sarface hy the pin  bhefore

T Y2 0.992 4 2.564 K 10-4/(r,2/V,) —
V. ] 6.605(r3/V,) + 73.25(r,3/V,) —
454.0(r3/V ), (2)

where the quantity:

() =
=— (3)
Ve (A"Vnmx/gp]

can be gained from a knowledge of the pin radius (r),
the density (y). the gravitational constant (g) and the
measured detachment force. Without due cognizance of
this correction term, the calculated surface tensions may be
as much as 10% higher than the results gained by the
other techniques (e.g. maximum bubble pressure).

The Wilhelmy Method: The results of the theoretical
analysis show that the surface tension is given by:

Y = AWmnx/(L+B)e (4)

where L and B are sides of the flat end{ace of the rectan-
gular rod. having L> > >B. Consequently the density of
the liquid need not be known. The only approximation in
the above equation is that edge effects are negligible.

3.5. Percent Application of Methods

Experimental methods for studying transport properties
of molten chloride melts were cited in sections 3.1-3.4.
The summaries in table A indicate the application of
“frequency of use” of these techniques. The percent appli-
cation is defined as the number of investigations employing
a particular method relative to the tota] number of reported
studies for that property.

3G, Rertozzl, J. Phys. Chem. 69. 2606 (1965).
B Lilleboens Acta. Chem, Seand, 24, 3287 41970).
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TABLE A.

Specific conductance

Method | Percent application
Classical ac 99.6
Paper electrophoresis 0.4

Density

Method J; Percent application
Archimedean i 76.5
Dilatometric ; 8.5
Flolation : 2.0
Pycnometric | 8.5
Bubble pressure ) 4.5

Viscosity

Method | Percent application
Capillary ) 38
Oscillating body | 62

Surface tension

Method | Percent application
Maximum bubble pressure 63
Wilhelmy slide plate 13
Pin detachment ] 24

i

3.6. Melt Preparation and Purification

Most chlorides are commercially available, either in
technical or analytical pure grades, so that synthetic pro-
cedures arc avoided. Emphasis is given here to details of
salt purification. .

The following procedures have been adopted: recrystal-
lization, sublimation, and vacuum distillation. The 'salis
are mostly dehydrated in a Pt-crucible under vacuum at
elevated temperatures with an inert atmosphere.

Mixtures are prepared by fusion of the required amounts
of the pure components under au ineit gas atmosphere. The
composition and purity are usually checked using standard
spectrochemical and gravimetric procedures.

Detailed procedures, including handling and transfer,
for each salt or mixture are discussed in sections 5.1
and 6.1, respectively.

4. Treatment of Data
4.1. Statistical Analysis

The statistical analysis was performed on the computer
facilities (IBM 360, PDP 15 and G.E. Mayk 11 Time
Sharing Unit) at Rensselaer Polytechnic Institute.

The density, specific ranductance, viscosity, and surface
tension values were recalculated by a one-dimensional
analysis, using the method of least squares to establish
equations indicating the variations of the physical quan-
tities with temperature at the experimental composition.
For density and surface tension results, where five or more
experimental compositions and temperatures or tempera-
ture-dependent equations were reported, the values were
recalculated by a two-dimensional analysis, using a step-
wise multiple regression routine. In this way a physical
property-temperature-composition matrix was developed.
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Tabulated values given in brackets indicate that they have
heen statistically derived from an insufficient number of
dala points.

(a). One-Dimensional Anclysis

The criterion for choosing the equation of best fit in the
one-dimensional analysis is the standard error of estimate
computed {rom the residuals and defined by

/n e

3 (e — ve
o= | Zle=w?
n—gq

’

where y. = the experimental value at each temperature,
ye = the value calculated from the least squares equation
at the same temperature as y, n = the number of experi-
mental data points, and ¢ = the number of coefficients in
the least squares equation -(2 for linear, 3 for quadratic).

(b). Two-Dimensional Analysis

Computer Programs Used
Programs from the IBM Scientific Subroutine Package!®

were used with the IBM 360/50 computer facility at Rens-.

selaer. The routines consist of STPRG, CORRE, LOC, and
MSTR, the Jaiter two being storage routines which have
no effect on the accuracy of the results. In addition the
subrontine STOUT is used to print the results of each
regression step and the subroutine MATRIX is used for
printing a matrix of the final equation.

Statistical Procedure

The abbreviated Doolittle method’® was used to select
the variables entering the regression and for calculation of
coefficients. The independent variable included in each step
of the analysis was selected by computing the reduction of
sums of squares of each variable. The variable causing the
largest reduction was added to the equation and deleted
from the table of sums ol squares. The coefficients, inter-
cept and statistical parameters for the new equation were
computed and printed. This procedure was repeated until
the maximum proportion of sums of squares to the total
reduced was less than a limit set by the programmer. The
independent variables used in the initial selection were
chosen from a generalized procedure, which generated 30
combinations of the input variables using powers, recip-
rocals, logarithmic and exponential quantities. It was
found that the procedure consistently selected the equation
(T + C)?, so that the working program used nine inde-
pendent variables. After the final equation has been
produced, it is transferred to the MATRIX routine, which
recalculates values at rounded compositions and tempera-
tures, within specified boundary cenditions. In the presen-
tation of the matrix, due cognizance is taken of the
experimental range of the investigation and of the phase
relationships for the system so that values are always

H20-9203-3. 1969. X
C. A. Bennet and N. L. Franklin, Statistical Analysis in Chemistry and the
Cheriical Indusiry iJohn Wiley and Sons, 1954).

“interpolated” rather than “extrapolated”. The final step
in the procedure involves the residual analysis, where the

deviations of the original values from those computed

from the “best” equations are given.

Statistical Parameters

For each step in the regression analysis a summary of
significant statistical parameters is given. First the sums of
squares reduced (S;), the proportion of S;/D, where D is _
defined below, given by P, the enmnlative S; given hy
Scom and the cumulative proportion given by (Pem) are
listed. These quantities give an indication of the effect of

each variable in the final equation. The programmers limit
on P was always in the range 0.0001 = P = 0.001.

Standard Error of Estimate

The standard error in the estimated y values adjusted
for degrees of freedom is given by:

se. — Vﬁﬂ

n—gq

H

where
2 2
D= 3 (5—797,
i=1
¥; = experimental values
¥ = average of all experimental values
g = the number of independent variables in the equations

As a general guide, about 68% of the results lie within the
standard error of estimate, 959 within twice this value
and approximately 99 percent within three times the
value'™. The standard error of estimate has been reported
as a percent in this study. Where this information was
reported in the literature as standard deviations, the pre-
ceding approach was not possible and we refer to the
published error estimates of the original authors.

F Value jor Analysis of Variance

This value is used to determine if a particular model is
acceptable.’® Tables of F values indicate that values greater
than 2.0 are acceptable for the routine used here. In all
cases values of F were greater than 500 and in most cases
greater than 1000. The F value is defined as:

Scum
F = /9 s
|\D'— cum)/’(n_q_l)

where S.um, ¢, D, and n were defined earlier.

I D. Sterling and S. V. Pollack, Introduction to Statistical Data Processing
(Prentice-Hall, 1968).

I¥H. Smith ané N. R. Draper, Applied Regression Analysis (John Wiley and
Sons, 1968).
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4.2 Percent Departure

The percent departure has been used to compare the
results of different investigations with either previous
[1,2] or current recommendations and has been later

considered when evaluating a study for possible
recommendation, :
The percent departure is defined by:
Percent departure =
“compared value” — “recommended value”.+ 100

“recommended value”

The “compared values” refer to the numerical data given
in the discussed study and are compared to the “rec-
ommended values” given in NSRDS-NBS15 [1] or
NSRDS-NBS-28 [2], or the present work.

The experimental values, when available, were used as
the “compared values”, otherwise the “compared values”
and the “recommended values” were calculated from
statistically derived equations at common temperatures and
compozitions.

The percent departure is given in discussion section
3.3 for single salts and 6.1 for binary mixtures.

4.3 Value Judgments

The recommendations advanced in this work are based
on three criteria: (a) type and quantity of experimental
data available, (b) experimental method used and (c¢) an
error analysis of the reported results. The principles fol.
. lowed in selecting the most reliable data are outlined {or
each case.

(a) Studies reporting either numerical data, results
derived from statistically generated equations or data in
the form of temperature dependent equations were pre-
ferred over graphical results. For the case where two sets
of results were reported for the same system, one graphical
and the other numerical, the graphical results could be
‘preferred if these were based on a more extensive compo-
sition” and temperature range, when other criteria were
of equal merit. :

(b) The experimental aspects as discussed in section 3
were examined for each system when a recommendation
has been advanced. Of primary importance was the cogni-
zance of an investigator with respect to improvements and
limitations on standard measuring techniques together with
an examination of the errors leading to uncertainties in
the measured trausport properties. Attention was given to
the preparation, purification, stability and analysis of
single and mixed chloride melts as discussed in section
3.3, The reliahility of the measnring technique and mekh
preparation and purification procedures as detcrmined
from results on standard calibration materials was con-
sidered important in the ultimate value of the data reported.

(c) The statistical parameters and percent departures
as discussed in section 4.1 and 4.2, respectively, were
considered. For systems where investigations had similar
quantity and quality of data, the results with superior

1. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

statistical parameters were selected.

_ For some systems more than one reference may have
been used to generate the recommendations. This was to
extend the recommendations to the widest possible ranges
of temperature/composition,

4.4. Physical Properties

Physical properties of molten chlorides and their
mixtures have been analyzed and summarized in tabular
form with respect to: experimental methods employed,
composition and temperature ranges studied, and percent
departurcs of numerical data from current or previous
recommendations.

‘For each system the property table reports the following:
e the references critically re-examined
e a summary of experimental details such as cell material

and calibration method
o the calculated percent departures.

A recommended reference is always indicated by a
bold-faced reference number in square brackets. The first
section of the table summarizes all investigations carried
out for the relevant physical property with corresponding
composition and temperature ranges. Data were reported
in numerical or equation form except for graphical presen-
tatinng, where the notation (g) is nsed.

In the second part, the minimum and maximum percent
departures are listed for the different investigations at
comparable compositions and temperatures in relation to
previous recommendations [1,2] or the present work.
Remarks concerning the accuracy, the reproducibility, and
the form of the numerical data are included. Further
comments highlight information of unusual importance
(technique, experimental uncertainty, etc.) with respect to
the particular property and system studied. In situations
where the composition-temperature.physical property hase
rests on more than one investigation, all refcrences used
to develop the value judgments are listed in bold face.

4.5. Numerical Tables

The specific conductance, density, viscosity, and surface
tension values were computed for each system for the
experimental compositions at rounded temperatures using
the corresponding “best” equation for the same tempera-
ture range for which the investigation was carried out.
These values are given in the numerical tables which
immediately follow the discussion tables for each property
of each system. Also given are the temperature-dependent
equation(s), the standard crror of cstimate (or the stand
ard deviation) and a statement giving the recommended
reference and experimental technique. For density and’
eurface tension the values were also calculated using a
two-dimensional statistical analysis where suflicient data
(more than five compositions and temperatures) were
given. The matrices produced by the two-dimensional
analysis are reported in tabular form at rounded temp-
eratures and compositions. The two-dimensional equation,
maximum percent departure and standard error of estimate
are also included in these tables. Original values are given
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in cases where investigations reported only limited data
or the one- or two-dimensional analysis was unsuccessful.
In some 47 cases, the experimental results were reported
in graphical form. In these cases, the graphs have been
interpolated, and the results given in tabular form together
with a statement giving the recommended reference and
the number of significant figures to which interpolation
could be carried out. Numerical lables are presented only
for the recommended studies.

4.6. Phase Diagrams

Phase diagrams for each system, are included in section
6.1 when available. It should be understood that the
temperature-liquidus phase diagrams included in this work
are not advanced as critically evaluated recommendations,
but serve the useful purpose of reporting values for a
eutectic composition.

The liquidus curves were also used as guidelines for
imposing the boundary conditions for generating the
matrix, in order to avoid producing values in the solid
phase.

References for each phase diagram are given with the
diagram.

4.7 Genera! Summary Tables

Summary tables are given in section 5.4 (single salts)
and section 6.2 (binary mixtures) to summarize specific
information such as total number of investigations, recom-

mended references, experimental techniques used and
literature references.

5. Single Salts

Sections 5.1 and 5.2 update the recommendations for
single salt melts given in NSRDS-NBS-15 [1] and
NSRDS-NBS-28 [2]. The discussions for each single salt
recommendation and the numerical values together with
the temperature dependent equations are given in section
5.3. Additional studies for chloride salts not included in
NSRDS-NBS-15 [1] and NSRDS-NBS-28 [2] are

suommarized in section 5.4.

5.1. New Recommendations

Single chloride salts which do not appear in NSRDS-
NBS-15 [1] and NSRDS-NBS-28 [2] are listed in
table B. The discussions, numerical values and tempera-
ture dependent equations for the new recommendations
are given in section 5.3.

TasLE B.
Number of investigations
d N

Compomd | Bectneal | Densiy | Vieosty | 50
DyCls 2 2 1
GdCls 2 2
LaCls | 1
NbCls 2
NdCls 1
NiCl. 1
PrCls i 1
ShCk ;2 1 2
SmCl, 1
SnCl, 1
TaCls 1
TiCk 3 2
TGl 1
UCls 3 2
UCl 4 i 3
ZrCl 1 1 1

5.2. Revised Recommendations

The recommendations for single chloride melts given
in NSRDS-NBS-15 [1] and NSRDS-NBS-28 [2] have
been updated relative to new investigations and the revised
recommendations are listed in table C. The discussions,
numerical values, and temperature-dependent equations for
the revised recommendations are given in section 5.3.

TasLe C.

Compound Property

BaCl. viscosity

CaCl: viscosity, surface tension

CsCl viscosity

HgCle viscosity

KcC1 surface tension

LaCls electrical conductance

MgCl: viscosity

SrCle viscosity

ThCl. density

UCl electrical conductance

ZnCl: electrical conductance, density

5.3. Discussions and Numerical Values

Single chloride salts for which a new or revised recom-
mendation js reported are discussed in this section with
respect to experimental techniques, references, temperature
ranges, perceni departure values and melt preparation
and purification. Numerical values are given for each
property at rounded temperatures together with the
temperature-dependent equations.

AlCl:
Melt Preparation and Purification

Aluminum, having a purity of 99.5%, was reacted with
dry HCl gas and sublimed without residue into the con-
ductivity cell in a CO» aimosphere [347].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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“Baker Analyzed” aluminum chloride was purified by
repetitive sublimation in a stream of argon. Approximately
500 grams of AICI; was loaded into one end of a 55-mm
{o.d.) Pyrex tube approximately 60 cm long. Over a
period of about 8 h. the tube was passed through a furnace
maintained at about 200 °C. The final sublimate, which
was collected in a water-cooled receiving tube, was trans-
ferred into a glove box having a nitrogen atmosphere.
The white AICl; - powder was quickly transferred into
the density tubes, which were then stoppered and
removed from the box for weighing and sealing under
vacuum [348]. i

Aluminum chloride was synthesized by passing HCl gas
over aluminum turnings, having a purity of 99.99%, in
a Jena glass apparatus at 500 °C. During the reaction,
the product sublimed into a cooled flask. After reaction it
was again sublimed under a stream of nitrogen into
another vessel which was sealed off under vacuum. The
AlCl; was then transferred by sublimation into the cells

Tasie 2. Electrical conductance studies: AlCl

Investigations eritically examined

Hef. Temfﬁange Cell material Calibration
347 473-518 Glass with
platinized disc
electrodes
16 437-473 Mo glass NaNOs (molten)
KCl (aqueous)
51 437-473
Deviations from NSRDS recommendation
Ref. Min. departure ! Max. departure
16 0.0% (473.2K)
51 2.95% (473.2K)

TasLe 3. AlCL: Specific conductance (ohm™! em™?)

x = 7.0270 + 1075 — 3.6646 « 10~°T 4 4.8623 - 10~1'T*
Standard error of estimate: 1.70G¢

T K (X 107) T ® (X 107
475 5.906 500 8.59
480 6.395 505 9.207
485 6.909 510 9.842
490 7447 515 10.500
495 ’ 8.009

These values are based on the work of Biltz and Voigt (classical ac technique) [347).

TasLE 4. Density studies: AICI

Investigations critically re-examined

Ref, | Temp, range i Cell material Calibration
348 462-569 ‘ Pyrex H.O
90 475-494 .Quartz H.0
347 463-503 Glass
157 463-553 1 Mo glase Hy

Deviations from previous NSRDS recommendation: [1, p. 11]

Ref. L Min. departure

T
|
!

Max. departure

342 0.0%

90 —1.66%
347 2.58%
157 | —121%

(504 K)
(490K)
(503K)
(530 K)

5.05% (474 K)

—3.41% (480 K)

5.79% (483 K)
3.42% (476 K)

J. Phys. Chem. Kef. Data, Vol. 4, No. 4, 1975
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TaBLE 5. AlCls: Density (g cm™3)

p = 218725 — 5.4045 * 10~ 4T — 1.13544 * 107572
-+ 3.04126 * 107873
Standard error of estimate: (0.15%)

T : s T i
465 1.287 515 1.169
470 1277 520 1.155
475 1.266 525 1.142
480 1.256 530 1.127
485 1.243 535 1113
490 1231 540 1.098
495 -1.219 545 1.082
500 1.207 550 1.066
505 : 1195 555 1.050
510 1182 560 1.U33

These values, based on the work of King and Seegmiller (dilatometric technique [348), supersede the previous NSRDS recommendations [1].

TaBLE 6. Viscosity studies: AICl,

Investigations critically re-examined

Calibration

Ref. Teij‘;'ange Cell material

349 465-493 CH.l, C:Hsl, CCL

Jena glass

S 291 462-549

Deviations from previous NSRDS recommendations: [1, p. 11]

Ref. Min. departure Max. departure

melting point either under dry argon or under vacuum.
Carbon tetrachloride vapor was bubbled through the
molten salt during the heating period, and for an addi-
tional fifteen minutes. The purified salt was stored in
pellet form under liquid carbon tetrachloride and checked
for alkalinity with phenolphthalein. Subsequent handling
of the salt was performed in a dry box [282].

TaBLE 8. Viscosity studies: BaCl.

349 —1.48% (468.5 K) —8.63% (493 K)

TasLE 7. AlCls: Viscosity (cp)

Investigations critically re-examined

Temp. range
Ref. T8

Cell material Calibration

7= 1.71471 « exp (4943.8/RT)
Standard error of estimate: 1.05%

T 7
470 ] 0.341
475 0.323
480 0.306
485 0.290
490 0.275

These values, based on the work of Kleinschmidt (hollow sphere
tarsion technique) [349]), cupercede the previous NSRDS recom-
mendations [1].

BaCl.

Melt Preparation and Purification

Barium chloride was purified by double recrystalli-
zation from distilled water, drying at 150 °C for 24 hours,
and melting to remove hydrolysis products according to
the following scheme: the chloride was slowly heated to its

282 1245-1340 | Pt sphere and rod | NaNQ;, KCI melts
174 1240-1290

151 1249-1358-

24 1273

Deviations from previous NSRDS recommendations: [1, p. 513

Ref. Min. departure Max. departure
282 —9.15% (1310 K) —18.05% (1270 K)
174 —21.87% (1290 K) —25.81% (1270 K)
151 —9.098% (1309 K) —18.79% (1275 K)
24 ©13.33% (1273 K)

TasLE 9. BaCl.: Viscosity (cp)

7 = 94.4198 — 1.2920 T 4 9.5505 » 10572

Standard ciror of estimate: 1.47%

T 7 T 7
1250 4.02 1300 3.36
1260 3.87 1310 3.25
1270 ) 3.73 1320 3.16
1280 3.59 1330 3.07
1290 3.47 1340 3.00

These values, based on the work of Zuca and Costin (oscillating sphere method) [282], supersede the previous NSRDS recommendations [1].
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CaClz ' TasLe 10. Viscosity studies: CaCle

Investigations critically re-examined

Melr Preparation and Purification
Ref. Temp. range Cell material Calibration

Calcium chloride was purified by double recrystallization
from distilled water, drying at 150 °C for 24 hours, and 282 1060-1220
melting to remove hydrolysis products according to the 24 1075-1270
following scheme: the chloride was slowly heated to its 34 10751150 |Pt sphere and rod NaNO, melt
melting point either under dry argon or under vacuum.
Carbon tetrachloride vapor was bubbled through the 144 1075-1270
molien salt during the healing period and for an additional Deviations from previous NSRDS recommendations: [1, p. 50T
fifteen minutes. The purified salt was stored in pellet Red. Min. departure Max. departure
form under liquid carbon tetrachloride and checked for 282 0.86% (1057 K) 38.36% (1221 K)
alkalinity with phenolphthalein. Subsequent handling of . _
the salt was performed in a dry box [282]. 24 61.9% (1073K) 1253% (1273K)

34 39.86% (1073K) 71.2% (1148K)

“Data taken from rcfcrence 24,

TanLe 11. CaCl.: Viscosity (cp)

7 = 379206 — 53247 * 1072T 4 2.0141 * 107572
Standard error of estimate: 1.07%

T 7 T 7
1060 3.40 1150 261
1070 3.29 1160 2.54
1080 ' 3.19 1170 2.48
1090 I 3.10 1180 2.42
1100 ! - 301 1190 2.37
1110 i 2.92 1200 2.31
1120 ' 2.84 1210 227
1130 ‘ 2.76 1220 2.22
1140 ] 2.68

These vajues, based on the work ol Zuca and Costin {oscillating sphere technique) [282], supersede the previous NSRDS recommendations

i1}

TarLE 12. Surface tension studies: CaCl»

Investigations critically re-examined

Ref. Temp. range Cell material
253 1085-1190 Pt rod
250 loso-1270 |
236" 1085-1190 :

Deviations from previous NSRDS recommendations: [2, p. 60]
Ref. Min. departure Max. departure
253 1.13% (1085.46 K) 3.32% (119266 K)

250 1.33% (1073.15K) | 6.79% (1273.16K)

*Data taken from reference 253.

TapLE 13. CaClz: Suriace tension (dyn cm™*)

v = 1.9567 + 10 — 4.5411 » 1072T
Standard error of estimate: 0.02%

T { K T ‘; v
1090 ; 146.17 1150 ! 143.45
1100 g 145.72 1160 5 142.99
1110 145.26 1170 ! 142.5¢
1120 | 144.81 1180 ! 142.09
1130 : 144.36 1190 ! 141.63
1140 143.90 5

These values, based on the work of Lillebuen (rod detachment method} [253), supersede the previous NSRDS recommendations [2].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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CsCl

Melt Preparation and Purification

Zuca [314] used both Merck suprapure and reagent
grade CsCl to investigate the effects of salt purity on the
viscosity values. The individual sets of data were within
+3% agreement with those obtained using CsCl prepared
from cesium perchlorate so that the question of impurities
was ruled out. During the course of these investigations

it was found that the addition of 1% CaCl, to pure CsCI

(see Table 16) :.CsCl

885

TasLe 15. Deviations from the updated NSRDS recommendations

Rel. Min. departure ! Max. departure
82, 174 —146% (930K) @ —20.58% (1030K)

280 —13.05% (949K)

315 —647% (963K) . —32.2% (1064K)

316 —1511% (927K) i —18.39% (1092K)
314° 0.07% (1081 K) 2.42% (1065K)
314 0.10% (952 K) —2.63% (1074K)
314 0.07% (1081 K) 1.68% (968 K)

=><Represent the three separate investigations of Zuca.

increased the viscosity by about 6%.

TABLE 4. Viscosity studies: UsCl

Investigations critically re-examined

Ref. Temp. range i Cell material
314 950-1086 Pt sphere
280 950 i
82,174 930-1030 J
Deviations from previous NSRDS recommendations: [1, p. 6]
Ref. ’\ Min. departure Max. departure
280 3.9% (950K)

82,174 0% (960K) —3.0% (1030K)
314 19.8% (968 K) 24.5% (1066 K}
314* 19.55% (960 K) 20.23% (1080 K)
314° 19.04% (950 K) 21.62% (1080 K)

mendations *Three separate investigations were made hy Zuca. For further

discussions concerning the relatively large percent departures com-
monly obtained for viscosity data, reference should he made to
section 3.3.

TasLe 16. CsCl: Viscosity (cp)

7 = 6.30528 + 0.25804 ¢ 10737 — 0.12063 - 10~4T?
Standard error of estimate: 0.98%

T 7 I T 7
950 1.468 [ 1020 1.202
955 1.446 1025 1.186
960 1.425 . 1030 1171
965 1.405 1035 1.156
970 1.384 1040 1.141
975 1.364 1045 1127
930 ) 1245 1050 1114
985 1.325 1055 1.101
990 1.307 1060 1.088
995 ' 1288 1065 1076

1000 1.270 1070 1.064
1005 1.253 1075 1.053
1010 1.235 1080 1.042
1015 1.219 1085 1.031

Theee valuee, baced on an averaged equation generated from three investigﬁtions of Zuca [314] {oscillating ephere technique), cupersede
the previous NSRDS recommendations [1]. The unceriainty of the new values is estimated 1o be *3%.
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DyCl:
Melt Preparation and Purification

Irisawa, Mochinaga, and Kuroda prepared DyCl; by
heating the rare-earth oxide (99.9% purity, American
Potash and Chem. Co.) with ammonium chloride at about
350 °C under vacuum [285].

TasLE 17. Electrical conductance, density, and viscosity studies:
DyCls

Investigations critically re-examined

Comments

Property Ref. Tcm‘()'].]iange

K 265 950-1010
312 1060-1270
190 1073,1173

graphical

o | 285 | 065-1270 |silica dilatometer; calibrated
| with molten NaCl, KCl
7 311 1205-1272 | Ostwald viscometer; guartz

Deviations from NSRDS recommendations

Property Rei. Min. deviation L Max. deviation
I 312 | —0.05% (1238K) | —3.06% (1058K)
(from averaged | 265 |—0.97% (952K) 218% (977K)
equation)

TABLE 18. DyCls: Specific conductance {ohm ? ¢m™?), density (g
cm™3), and viscosity {ep)
k= 17723 — 7.1242 - 1073T 4- 8.7014 - 107572 — 2.8983 » 10~ °T3
Standard error of estimate: 1.12%

p = 4.2668 — 0.6821 - 10~ 3T
Standard error of estimate: 1.37%

GdCls
Melt Preparation and Purification

Irisawa, Mochinaga, and Kuroda prepared GdCly by
heating the rare-earth oxide (99.9% purity, American
Potash and Chem. Co.) with ammonium chloride at about
350 °C under vacuum [285].

TasLe 19. Electrical conductance, density, and viscosity studies:
GdCl

Investigations critically re-examined

Property Ref. Tcm;().Txiange Comments
K 265 900-980
312 1020-1264
190 1073 graphical
P 285 935-1280 ‘ silica dilatometer; calibrated
{ with molten NaCl, XCl
7 311 1070-1240 | Ostwald viscometer; quartz
Deviations from NSKRDS recommendations
Property Ref. | Min. deviation Marx. deviation
K 312 0.00% (1213K) —3.07% (1081 K)
(from averaged | 265 | —142% (922K) 456% (971K}
equation) |

Tarir 20.
GdCl:: Specific conductance (ohm™! cm™?), density
(g em~3), and viscosity (cp)

k= 5.5955 — 1.6528 » 10727 4+ 1.6171 » 1075772 — 4,7074 « 10773
Standard error of estimate: 1.21%
p = 41491 — 0.67139 + 10737

7 = 46.764 -+ 2.253 « 10~3T — 8.651 + 10~5T2 - 4,515 » 10~ 8T% T | K p | 7"
T x - ” 020 0.411
960 0.388 940 0.438 3.5180
980 0.419 3.5975 960 0.467 3.5046
1000 0.451 3.5839 980 0.498 3.4912
1020 0.483 3.5702 1000 0.531 3.4777
1040 0514 3.5566 1020 0.565 54643
1060 0.545 3.5429 1040 0.602 3.4509
1080 0.576 3.5203 1060 0.639 3.4374
1100 0.607 35156 1080 0.677 3.4240 24
1120 0.636 3.5020 1100 0.716 3.4106 2.2
1140 0.665 34884 1120 0.755 3.3972 2.1
1160 0.693 347147 | 1140 0.795 3.3837 1.9
1180 0.719 3.4611 i 1160 0.835 3.3703 1.8
1200 0.745 34474 | 1180 0.874 3.3569 1.8
1220 ~0.769 3.4338 * 2.736 1200 0.913 3.3435 17
1240 0.791 3.4201 \ 2.624 1220 0.952 3.3300 1.7
1260 0812 | 34065 | 2.576 1240 0.990 3.3166 1.6
The updated values for specific conductance and the néw.recom- ;;gg ;;gg;
mendations for density and viscosity are given in table 18. The data t -

bases for these are, specific conductance: an averaged equation
generated from the work of Cho and Kuroda [312], and Dworkin,
Bronstein and Bredig [265] (classical ac technique) ; density: Iri-
sawa, Mochinaga and Kuroda (dilatometric technique) [285]; vie-
cosity: Cho and Kuroda (Ostwald viscometer) [311].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

"Values were interpolated to two significant figures from the
graphical presentation.

The updated values for specific conductance and the new recom-
mendations for density and viscosity are given in table 20. The data
bases for these are, specific conductance: an averaged equation
generated from the work of Cho and Kuroda {312] and Dworkin,
Bronstein and Bredig {265] (classical ac technique) ; density: Iri-
sawa, Mochinaga and Kuroda (dilatometric technique} [285];
viscosity: Cho and Kuroda (Ostwald viscometer) [311].
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HgCl:
Melt Preparation and Purification

Janz et al, resublimed HgClo (Fisher, Certified
reagent grade) three times through medium porosity

filter discs [107].

TaBLe 2], Viscosity studies: HgCl:

Investigations critically re-examined

Ref. Temp(.Tr;mge Cell material Calibration

107 550-568 Quartz viscometer | N-hexane (Cannon
Viscosity Standard No.
N-4-66-1),

N-decane (Cannon
Viscosity Standard No.
N-1.0-66-1)

Deviations from previous NSRDS recommendations: {1, p. 58]

Ref. Min. departure Max. departure
107 —8.93% (550K} ~18.18% (568.5 K}

TasLe 22. HgCl.: Viscosity (cp)

7 = 22.9707¢ — 4.100932 * 10~ *7 — 3.75155 * 10 °T* - 7.5274 * 10 °T?
Standard error of estimate: 0.61%

T . 7 T 7
550 159 560 1.45
552 1.56 562 1.43
554 1.53 564 1.41
556 1.51 566 1.38
558 148 568 1.36

These values, based on the work of Timidei, Lederman and Janz (modified Ostwald viscometer) [107], supersede the previous NSRDS rec-
ommendations [1].

Hg:Cl:

Tanre 23. Elcctrical conductance studies: 11g:Clz

Investigations critically re-examined

Ref. Tem?.Tgange
121 80-1060
Deviations from previous NSRDS recommendation: [1, p. 11]
Ref. Min. departure Max. departure
121 —5.82% (8222K) | —7.20% (808.2K)

TasLE 24. Hg.Cl:: Specific conductance (ohm~? em™1)

k= —0.980099 -}- 1.74861 » 1073T - 7.75868 - 10~7T?
Standard error of estimate: 0.59%

T x T I3
800 : 0.915 940 1.349
820 : 0.975 960 1414
840 : 1.036 980 1.479
860 1.097 : 1000 1.544
880 1.159 1020 1.611
900 1.222 1040 1.678
920 1.285 1060 1.745

These values, based on the work of Grantham (ac technique) [121], supersede the previous NSRDS recommendations {1].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TapLe 26. Deviations from the updated NSRDS recommendations
(see table 27) : KCl

KCl

‘TABLE 25. Suriace tension studies: KUl Ref. Min. departure Max. departure
Investigations critically re-examined 255 —0.20% (1273K) —0.70% (1073K)
Ref. | Temp:range Cell material Calibration 257 0.15% (1173K) 0.96% (1073 K)
255 | 1043-1273 258 0.02% (1170K) 0.75% (1270K)
257 | 1073-1173 Pt Mohen LiCl, NaCl 237 1.17% (1070 K) 1.26% (1170K)
258 1073-1273 24 —1.509% (1073 K)
24 | 1073 250 17.57% (1073 K)
245 | 800-950 (g) 178 —0.01% (1143K) —~1.01% (1263K)
246 | 800-850 (g) 224 ~0.19% (1273K) —0.73% (1073K)
244 850 (g) 259 —0.13% (1109K) —0.44% (1113K) .
254 | 800900 (g) 241 3.63% (1073K) 4.78% (1273K)
232 | 830-920 90%P1-10% Rh alloy 227 1.16% (1173K) 3.30% (1223K)
porcelain crucible 232 —070% (1192K) | —164% (1142K)
241 730-930 00% P1-10% Rh alloy
graphite crucible
237 | . 828-018 909-P1-10% Rh alloy
alumina crucible
252 | 800-900 (g) Pt
178 | 1073-1193

Deviations from previous NSRDS recommendations: [2, p. 58]

Ref. Min. departure Max. departure
255 —1.54% (1243K) ~—2.07% (1053 K)

257 —2.67% (1181 K) ) —3.04% (1072 K)
258 —0.48% (1273K) —1.82% (1073K)
24 —2.73% (1073K)

TasLe 27. KCI: Surface tension (dyn cm™?)

v = 179.1168 — 0.76026 x 107*T
Standard error of estimate: 0.26%

T vy T ¥
1080. 97.01 1190 88.65
1090 96.25 1200 87.89
1100 95.49 1210 87.13
1110 94.73 1220 86.37
1120 93.97 1230 85.61
1130 93.21 1240 84.84
1140 92.45 1250 84.08
1150 91.69 1260 83.32
1160 90.93 1270 82.56
1170 .90.17 1280 81.80
1180 89.41

These values are based on an averaged equation generated from the investigations of Ellis and Freeman [255] Mizuno and Matsumura
[257], Grjotheim, Holm, Lillebuen and @ye [258], Lehman [237], Smirnov and Stepanov [178], Bloom, Davis and James [224], Jaeger [259]
and Peake and Bothwell [232). These values supersede the previous NSRDS recommendations [2]. All of these investigators used the maximum
bubble pressure method except Grjotheim et al. who used the pin detachment method.

1. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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Tapre 29. Deviations from the updated NSRDS recommendations:
LaCl, (see table 30}

Min. departure

Max. departure

iaCls
Melt Preparation and Purification Ref.
Lanthanum trichloride was prepared [154,279] as dis- 279
cussed under the LaCl-LaCl; system. In [262] the LaCl; 154

was crystallized from solutions of the oxides in hydro-
chloric acid, dehydrated by purging with dry HCl gas

220

and slowly heated to 400 °C under reduced pressure. The 262

salt was then sublimed under vacuum. The final product

6.39% (1284 K)
—0.17% (1223K)
—5.93% (1273X)

1.87% (1198K)

8.42% (1173K)
—0.72% (1173K)
—8.61% (1173K)

2.24% (1223K)

contained less than 0.5% of other rare-earth ions. Cho
and Kuroda [220] used the method discussed under the

KCI-UCl; system.

TaBLE 28. Electrical conductance studies: LaCl;

Investigations critically re-examined

Temp. range
Ref. (T)

Cell Material

Calibration

279 11733273

154 1143-1223

Alundum crucible and
Mo wire electrodes

LiCl, KC1

220 1165-1300
186 1185-1195 (g)
Deviations from previous NSRDS recommendations:* [1, p. 8]

Ref. Min. departure Max. departure
279 —8.98% (1170K} —10.83% (1230K)
154 —15.87% (1140K) —16.92% (1190 K)
220 —20.77% (1273 K) —23.44% (1173 K)
262 ! —14.42% (1223K) —14.79% (1198 K)

"The positive deviations (~8.0% to 25.09%) of the previously
recommended data base of van Artsdalen and Yaffe [1] may be
attributed to parasitic conductance effects. {See section 3.)

TaBLe 30. LaCl:: Specific conductance (ohm~! ¢m™1)

K= —

8.1470 4- 0.1353 + 107*T — 0.4638 - 10-°T2

Standard error of estimate: 0.30%

T K T K
1170 1.335 1230 1.479
1180 1.362 1240 1.500
1190 1.387 1250 1.520
1200 1411 1260 1.539
1210 1.435 1270 1.557
1220 1.458

These values are based on an averaged equation generated from the investigations of Smirnov et al. [279], Smirnov and. Khokhlov [154], Cho
and Kuroda [220], and Dworkin, Bronstein and Bredig [262]; they supersede the previous NSRDS recommendations [1].

TasLE 31. Surface tension studies: LaCl,

Investigations critically re-examined

Temp. range
Ref. e
177, 248 1073-1273

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975



890 JANZ ET AL

TasLE 32. LaCls: Surface tension (dyn em™1)

v =199.0 — 00541 T

T Y T ¥
1080 140.57 1190 134.62
1090 140.03 1200 134.08
1100 : 139.49 1210 133.54
1110 138.95 1220 133.00
1120 138.41 1230 13246
1130 137.87 1240 131.92
1140 137.33 1250 131.38
1150 136.79 1260 130.83
1160 136.24 1270 130.29
1170 135.70 1280 129.75
180 13516

These values are based on the work of Smirnov and Stepanov (maximum bubble pressure) {177, 248].

MgCl:
Melt Preparation and Purification

MgCla was prepared by treatment with HCl [277].
Polarographic analysis did not yield any detectable amount

of water.
TaBLE 33. Viscosity studies: MgCl.
Investigations critically re-examined
Ref. TemF.Tgange Cell material ‘ Calibration
151 1000-1150 Pt sphere I NaNOQs, KC] melts
277 1045-1120 Pt-10% Ir ‘ H:0 and KNO;
sphere and |
rod ;

Deviations from previous NSRDS recommendations: [1, p. 6]

Ref. Min. departure Max. departure
151 | —555% (1003K) ~572% {(1105K)
277 —56.46% (1118K) —58.07% (1014K)

TaeLe 34. Deviations from the updated NSRDS recommendations:
MeCl. (see table 35)

RgL,T, 7 Min. departure Max. departure )
151 0.58% (1143K) 3.57% (1003 K)
277 0.14% (1118K) —2.61% (1014 K)

TasLe 35. MgCle: Viscosity (cp)

7 = 14.903 — 0.2039 « 10717 - 0.7625 * 107°T*
Standard error of estimate: 2.29%

T 7 T )
1000 214 1080 1.78
1010 2.09 1090 1.74
1020 2.04 1100 1.70
1030 1.99 1110 1.67
1040 1.95 1120 1.63
1050 1.90 1130 1.60
1060 1.86 1140 157
1070 1.82

These values are based on an averaged equation generated from the investigations of Bondarenko and Strehlets (oscillating sphere) [151]
and Dumas, Grjotheim and @ye (oscillating sphere) [277]. These values supersede the previous NSRDS recommendations [1]. The uncertainty
of the new recommendations is estimated to be about 2.0 percent.
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NbCls
Melt Preparation and Purification Tapie 86. Density studies: NbCls
- igations critically re-examined
The NbCl; used by Johnson and Cubicciotti [292] Investigations critically re-examine
was commercially obtained and then sublimed in a stream Ref. Temf‘T;a"ge Cell materials* Calibration
of the gas saturated with SOCl. to convert the oxychloride 202 55800 —v— —
to chloride. The product was analyzed and yielded 34.31% K
Nb, compared to 34.39% calculated for NbCl; and was 217 601-806
stored in sealed Pyrex ampoules fitted with break seals. Deviations from NSRDS recommendations:
NbCl; was sublimed into a quartz manifold by using an Rel. Min. departure Max. departure
evacuated manifold assembly and crushing the break seal 292 0.0% (619K) —27.3% (803K)

of the ampoule. The pure NbCl; was distilled into quartz
tubes under its own vapor pressure, sealed off and stored.

NbCl; was purified by distillation and the purest frac-
lion was used in ref. [217].

2The densities of the floate used in [292] were determined from
their weights in air and in water.

TasLe 37. NbCls: Density (g em™32)

p = 4.3718 — 6.5712 + 10737 4- 3.6767 * 10~ °T*
Standard error of estimate: 0.09% (485-600 K)
p = —3.9006 - 1.9019 * 10727 — 1.6146 = 10-572
Standard error of estimate: 1.75% (600800 K)

T \ ] 1 T P
490 2.035 ] 650 1.634
500 2.005 ' 660 1613
510 1977 - . 670 . 1588
520 1.949 680 1.560
530 '1.922 690 1.529
540 1.895 700 1.495
550 1.870 710 1458
560 1.845 720 1.417
570 1.821 730 1.373
580 1.797 740 1.326
590 1775 750 1.276
600 1.753 760 1.222
610 1.687 770 1.165
620 1.679 780 1.105
630 1.667 790 1.042
640 1.652 800 0.975

These values are based on the work of Johnson and Cubicciotti (flotation method) [292].

NdCls
Melt Preparation and Purification

The NdCl; used in [285] was prepared as discussed
under PrCls.

TasLE 38. Density and viscosity studies: NdCls

Investigations critically re-examined

Propertyj! Ref. Tem?. range
|
o ’ 285 | 1082-1272 jsilica cell; calibrated with molten

Na(Cl, KCl1

Comments

n l 311 1160-1240
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TasLe 39. NdCls: Density (g em™2) and viscosity (cp)

p = 42642 — 9.3014 * 1074T
Standard error of estimate: 0.28%
7 = 41.2037 — 2.2755 » 10727 — 4.0865 *» 10372 4 2.7019 « 107873

T P ]
1090 3.250
1100 3.241
1110 3.232
1120 3.222
1130 3913
1140 3.204
1150 3.195
1160 3.185 1.994
1170 3176 1914
1180 3.167 1.845
1190 3.157 1.788
1200 3.148 1.741
1210 3.139 1.706
1220 3.129 1.681
1230 3.120 1.669
1240 3.111 1.659
1250 3.102
1260 3.092
1270 3.083

The values for density and viscosity are given in table 39. The
data hases for these are, density: Mochinaga, Cho and Kuroda
(dilatometric technique) [285]; viscosity: Cho and Kuroda (Ost-
wald viscometer) [311].

NiCl.
Melt Preparation and Purification

Galka et al. [269] used analytical grade NiCl,-6H,0
as starting material. The chloride was dehydrated by heat-
ing at about 970 K in a stream of gaseous HCl for 4to 5 h
and then transferred into the absorption cell. The cell
content was degassed and dehydrated for 24 h at 373 K .
under high vacuum. After degassing, the cells were filled
with pure helium so that its pressure at the measurement
temperature was about 1.5 atm.

TasLE 40. Density studies: NiCl.

Investigations critically re-examined

Temp. range
Ref. ( T)

269° 1288-1331

*The alisoiptivn ol yradiativn Ly wolten NiCle was iucasured in
cells made out of quartz tubes with parallel quartz windows, The
absorption cell containing NiCl: was placed in a special furnace
which provided a continuous mixing of the melt by rocking. A
scintillation counter with an clectronic detccting system was cm-
ployed to measure the «-radiation of the isotope #!Am used as a
radiation source.

TasLe 41. NiCls: Density (g cm™3)

p = 3.4994 — 6.6044 + 10747
Standard error of estimate: 0.44%

T p T P
1290 2.648 1315 2.631
1295 2.644 1320 2.628
1300 2,641 1325 2.634
1305 2.638 1330 2.621
1310 2.634

These values are based on the work of Galka et al. (y-ray absorption method) [269].

PrCl:
Melt Preparation and Purification

The PrCl; used by Cho et al. [285] was prepared by
heating a mixture of oxide and ammonium chloride at
about 350 °C in a vacuum. The rare-earth oxide used as
starting material was 99.9% pure.

TaBLE 42. Density and viscosity studies: PrCl,

Investigations critically re-examined

Property | Ref. ! Tcm}().Tgange Comments
7 285 ! 1102-1257 silica cell; calibrated with
| molten NaCl, KCI
b 311 | 1130-120

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

TasLE 43. PrCls: Density (g cm™3) and viscosity (cp)

p = 4.0120 — 7.4165 * 1074T
Standard error of estimate: 0.15%
7 = 16.0130 — 2.2994 « 10~3T — 203843 « 107572

T p 7

1120 3.181

1130 3.174 2.54
1140 3.167 2.46
1150 _ 3.159 2.38
1160 3.152 - 231
1170 3.144 2.24
1180 3.137 217
1190 3.129 2.11
1200 3.122 2.05
1210 3.115 1.99
1220 3.107 1.94
1230 3.100 1.89
1240 3.092 : 1.84
1250 3.085 | 1.80

The values for density and viscosity are given in table 43. The
data bases for these are, density: Mochinaga, Cho and Kuroda
(dilatometric technique) [285]; viscosity: Cho and Kuroda (Ost-
wald viscometer) [311].
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ShCl:
Melt Preparation and Purification

The SbCl; used in [46] was prepared' as -discussed
under the system SbCl3-ShCl;. ’

Tamk 44, Electrical conductance, density and viscosity studies:

ShCls
Investigations critically re-examined

Property Ref. Tem{).Tx)-ange Comments
K 46 333, 343, 353 - graphical

304 373423

P 46 323-353

7 16 323-353

0 373

TasLe 45. SbCla: Specific conduciance
(g cm™3), and viscosity (cp)

(ohm~* cm~%), denshy

p = 3.4755 — 2.2931 » 10~3T
Standard error of estimate: 0.03%

T I's p nl
323 3.90
325 2.730
330 2.719
333 0.000149 3.18
335 2707
340 2.696
343 0.000174 2,63
345 2.684
350 2613
353 0.000227 2.16

- "Due to limited data the experimental values are given.

The values for specific conductance, density and viscosity are
given in table 45. The data bases for these are, specific conductance:
Usanovich (classical ac technique) [46]; density: Usanovich (pye-
nometric method) [46]; viscosity: Usanovich (capillary technique)

[46].
SkCls
Melt Preparation and Purification

The SbCl; was preparcd by passing dry Clz gas over
powdered antimony. The salt was dried under vacuum and
sealed in glass ampoules. [46]

TaBLE 46. Density and viscosity studies: SbCls

Investigations critically re-examined

" TasLE 47, SbCls: Density (g em™3) and viscosity (cp)

p=2.8922 — 1.869 X 1073T
Standard error of estimate: 0.09%
7 = 5.62101 — 0.0129998T
Standard error of estimate: 0.00%

T p 7
325 2.2848 140
330 22755 133
335 2.2661 1.27
340 2.2568 1.20
345 2.2474 114
350 2.2381 1.07

The values for density and viscosity are given in table 47. The
data bases for these are, density: Usanovich, Sumarokova and
Beketov (pycnometric method) [46]; viscosity: Usanovich, Sumaro-
kova and Beketov (capillary method) [46].

SmCls

Melt Preparation and Purification

Reference [190] is discussed under the system
KCI-NdCls.
TasLE 48. Electrical conductance studies: SmCl,
Investigations critically re-examined

Ref. | TOMPJaEC| el Material Calibration

190 1073 Quartz capillary Molten NaCl,
cell; Pt electrodes; K(l, CsCl
{req. range: 100,000-
250,000 Hz

TaBLE 49. SmCls: Specific conductance (ohm~cm~?1)
T i
1073.2 0.84

* Interpolated value. :

These values are based on the work of Forthmann and Schneider
(classical ac technique) [190). The relative error of the measured
conductance values was reported to be +1%.

SnCl,
Melt Preparation and Purification

Pugachevich et al. [306] used the purest fractions of
SnCly, purified by rectification in an efficient column.

TaBLE 50. Surface tension studies: SnCl;

Property Ref. Temp. range Investigations critically re-examined
Temp.
P 46 325-350 Ref. Ty
7 46 325-350 - 306" 293-383

* Pugachevich et al. reported a maximum error of 0.2% in meas-
uring the surface tension. An improved gas apparatus was described
where it was not necessary to take into account the depth of
immersinn of the calibrated tube in the test liquid, the height of the
capillary rise, or the change in the level of the lignid.

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLe 51. SnCl,: Surface tension {dyn cm™1)

v = 61.0028 — 1.1368-10717T -
Standard error of estimate: 0.25%

T T v ! T ¥
295 2747 340 2235
300 26.90 N 345 21.78
305 26.33 i 350 2121
310 25.76 ' 355 20.65
315 25.19 | 360 20.08
320 2463 365 1951
395 24.06 370 18.94
330 23.49 375 1837
335 2292 380 17.80

These values are based on the work of Pugachevich et al. (maximum bubble pressure method) [306].

SrCl
Melt Preparation and Purification

Zuca and Costin [282] used p.a. reagent SrCls recrys-
tallized twice from distilled water and dried for 24 h at
150 °C. The salt contained in a silica cell was slowly
heated to the melting point, alternatively under vacuum or
dry argon gas saturated with CCly vapors.

Strontium chloride was checked for alkalinity with
phenolphthalein.

TaBLE 52. Viscosity studies: SrCl,

" Investigations critically re-examined

Temp. range

Ref. Comments

Cell material: Pt sphere and
suspension wire; method
checked with benzene and aniline

282* 1154-1246

Deviations from previous NSRDS recommendations: [1, p. 7}
Ref. Min. departure Max. departure
282 11.3% (1154 K) 52.6% (1232 K)

* The large deviation among the viscosity data available for SrCls
indicate additional measurements are necessary to clarify the present
disagreement. The work by Zuca et al. [282, 319] is recommended.

TaBLE 53. SrCl.: Viscosity (ep)

7 = 90.6109 — 1.3440 - 10~'T + 5.1455 + 10~57*
Standard error of estimate: 0.94%

T n || T 7
1155 403 1205 3.38
1160 395 3 1210 3.33
1165 3147 1215 3.28
1170 3.80 1220 3.23
1175 373 1225 3.19
1180 3.67 1230 315
1185 | 361 1235 3.11
1190 i 354 1240 3.08
1195 i 3.49 1245 3.04
1200 : 343

These values, based on the work of Zuca and Costin (oscillating sphere method) [282), supersede the previous NSRDS recommendations [1].

TaCls

Melt Preparation and Purification

The TaCl; was purified by distillation [217].

TaBLE 54. Density studies: TaCls

Investigations critically re-examined

Ref.

Temp. range
(T}

217

600-770
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TasLE 55. TaCls: Density (g cm™3)

p = 31.5417 — 0.1452T -+ 0.2436 - 10737 — 0.1384 » 10973
Standard error of estimate: 3.8%

T I3 T P
600 2.289 690 1.892
610 2.147 700 1.877
620 2.043 710 1.842
630 1.972 720 ! 1.782
640 ) 1.928 730 : 1.688
650 1.905 740 1.553
660 1.896 750 : 1.369
670 1.895 760 1.129
680 1.896 770 0.823

These values are based on thc work of Niscl’son, Pustil’nik and Sokolova (P)’cnomctric.tcchniquc) [217].

ThCls
Melt Preparation and Purification

See NaClLTh(], [81, 200] for discussion of preparative
uspects.

. TaBLE 56. Density studies: ThCL

Investigations critically re-examined

Ref. Tem%‘range Cell material
8l 1045-1173
200 1045-1123 Pt-bob and suspension wire
Deviations from previous NSRDS recommendations: [1, p. 91
Ref. Min. departure ; Max. departure
200 2.2% (1120K) 3.4% (1090 K)
81 2.29% (1120K) 3.4% (1090K)

TasLe 57. ThCl: Density (g em™3)

p=4.823— 14+ 10 °T

T I
1050 3.352
1060 3.339
1070 3.325
1080 3.311
1090 3297
1100 3.283
1110 3.269
1120 3.254

These values, based on the work of Oyamada, Yoshida, and Ku-
roda (Archimecdcan mcthod) [200], superscde the previvus NSRDS
recommendations [1].

Ticl.
Melt Preparation and Purification

TiCly in reference [307] was purified by fractionation
on efficient sieve-plate columns. The chemical and spectro-

scopic analysis showed an impurity content of less than
10-% to 10-4%.

Toropov [48] used TiCly, purified by fractional distil-
lation. TiCl; used in [213] was purified by repeated frac-
tional distillations. The melting point of TiCl, in reference
[214] was found to be 135.6 °C.

TaBLE 58. Density and surface tension studies: TiCl

Investigations critically re-examined
T

Property E Ref. Tem{)ﬁange Comments
p ; 213 301-406 sealed quartz pycnometer,
! ' calibrated with H=0;
: relative error estimated as
5% 10729,
214 253-293 calibration with Hg
48 293, 313, 333
346|340, 360, 375, 393 :
221 255381 i
% 307 282-408 | absolute error less than
I 002 dyn cm™!; compari-
[ sonaf eapillary rise and
| maximum bubble pressure
i methods given
266 273-373 |
Deviations from NSRDS recommendations
Property Rel. Min. deviation Max. deviation
P 48 0.2% (333K) 0.5% (313K)
5 266 —2.3% (239K) —3.1% (373K)
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TasLe 59. TiCli: Density (g em™3) and surface tension (dyn em™1)

JANZ ET AL

p=2.1808 — 1.3581 « 107°T — 6.3489 * 10~7T2

Standard error of estimate: 0.01%

Temp. range: 260290 K, [214]
p = 2.1488 — 1.2226 « 10~3T — 7.3676 » 10~772 {g em™%)

Standard error of estimate: 0.04%

Temp. range: 300-410K, [213]
v = 78.0149 — 1.7791 » 1077 4- 8.9548 « 10~57T2

Standard error of estimate: 0.15%

T

TICI
Melt Preparation and Purification

P.A. Thallium (I) chloride in reference [140] was
dried in the quartz apparatus for 6 hours at 103 Torr
and 350 °C.

The salt was distilled under vacuum into a quartz
cylinder previously washed with pure dry nitrogen and

» ¥ sealed off. Thallium (1) chloride was stored protected
260 1.7847 from light. The maximum error was reported to be be-
270 1.7678 tween 2 and 3 %.
280 1.7507 '
290 1.7335 33.95
300 1.7157 32.70 TasLe 60. Viscosity studies: TIC1
310 1.6989 31.47 ——— = ,
320 1.6821 30.25 nvestigations critically re-examined
g‘zg igzg; gggg Ref. Tenz;];‘. range Calibration Cell material
350 1.6306 263? 140 733-1053 [ CCli, methyl iodide, Quartz cylinder con-
360 16131 25.57 n-hexane, ether, taining the melt
370 1.5955 24.45 ethyl bromide at suspended on a W
380 1.5778 23.34 rUOLE LCINPETJTUre wire
390 1.5599 22.25 .
400 1.5418 21.18 303 | 732-1053
410 1.5236
The values for density and surface tension are given in table 59.
The data bases for these are, density: Niselson and Tret’vakova,
300-410K, [213] and Sazckmann and Arnold, 260-290K [214]
(pycnometric method) ; surface tension: Pugachevich (maximum
bubble pressure) [3071.
TasLe 61. TICl: Viscosity {cp)
7 = 0.173 * exp (3400/RT)
T 7 T 7
740 1.747 a00 1.158
760 1.644 920 1.111
780 1.552 940 1.068
800 1.469 960 1.028
820 1.399 980 0.992
840 1.327 1000 0.958
860 1.265 1020 0.926
880 1.209 1040 0.897

These values are based on the work of Grothe (oscillating hollow cylinder method) [140].

UCls

Melt Preparation and Purification

Forthmann et al. [1 907 used U0, preheated in a pure
hydrogen atmosphere at 900 °C as starting material. The
oxide contained in a quartz boat was heated in an argon
atmosphere saturated with CCl, at 500-600 °C. The UCl,
was distilled immediately into the quartz apparatus at
700-800 °C. Dry hydrogen was passed through the melt
at 600 °C and the temperature was increased until the
measured conductance remained constant at 850 °C. UCl,
was analyzed by a gravimetric method and by titration
with KoCr20;. The references [135, 189, 1907 are
discussed under the system KCI-UCl,.

. Phys. Chem. Ref. Datc, Vol. 4, No. 4, 1975

TasLE 62. Electrical conductance and density studies: UCl.

Investigations critically re-examined

Property Ref. Temp. range Comments
K 190 1123 Quartz cell, Pt electrodes,
calibration with molten NaCl,
KCl, CsC1
135 1123 graphical
189 1113-1213 graphical
) 189 1219-1303 Quartz cell; calibration with
molten NaCl, KCl
135 graphical
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TapLe 63. UC;: Specific conductance {ohm™ ¢cm™?!) and density (g cm™3)

p=13.652'— 7.943 - 10-3T
For specific conductance only one value was reported:
x = 1.07 at 1123 K

T P T I
1220 3.962 1265 3.604
1225 3.922 1270 3.564
1230 3.882 1275 3.525
1235 ) 3842 1280 3.485
1240 3.803 ’ 1285 © 3.445
1245 3.763 1290 3.406
1250 3.723 ’ 1295 3.366
1255 3.683 1300 3.326
1260 3.644

Fhe values for specific conductance and density are given in table 63. The data bases for these are, specific conductance: Forthmann and
Sehncider (classical ac technique) [190]; density: Mochinaga (pycnometric method) [189].

UCl, Tasre 64. Electrical conductance, density and surface tension stud.
ies: UCL

. age oo
Melt Preparation and Purification Iuvestigations critically re-examined

Kuroda‘and Suzuki {52] prepared UCL, by the reaction Property | Ref. Tem?'Tr)a"ge
between carbon, chlorine and urano-uranic oxide at about
850 °C. The urano-uranic oxide was obtained from uranyl K 179 872-1001 Qu?rtz eell; l_)t electrodes; .

itrate which had been previous} ified with tributyl calibration with molten KNO.,
nitra : cen previously purified with tributyl- NaNOs and KCl; experi-
phosphate, sodium nitrate and kerosene. mental error was within 0.5%
Bogacz and Ziolek [179] used UCly prepared from

Comments

uranyl oxalate by hydrogen reduction at 400 °C te UO, 52 873-943 ?al;ia;::;];ﬁ:}:;::z::sf(a
_and then chlorination at 440 °C with CCly in a stream
of previously purified nitrogen. The composition of the ¢ 179 876-949 | Pusinker and suspension
obtained UCl; was found to vary between UCls.q and :'lre;o :J";?;uremem error of
UCl; .¢;. The salt was kept in sealed ampoules filled with L e
dry argon. 276 863-1273 |
Desfy:il}gik et :lc (52112‘}3 pre}:iared the UCly by chlorina- 52 873-1023 | Quartz cell
tion o o Wit 4. The product was twice recrystallized ! .
. . . - 1 .
and the melting point of UCl; was found to be 5872 °C. v 212 | 878978 Pt cracible
The preparation of UCl, in reference [52] is discussed 216 . 863-1273

under the system KCI1-UCL. 179 883-933 Coaxial quartz capillary

. tubes; calibration with
water; benzene, CCL, molten

NaNO, and KNOs

Deviations from NSRDS recommendations:
[1, p. 9 for , otherwise this volume}

Property Ref. Min. deviation l Max. deviation
P 179 | —18% (880K) ' —45% (8%0K)

52 —1.9% (873K) —6.0% (883K)

p 276 11.0% (948K) 11.1% (913K)

52 —1.6% (923K) —2.0% (873K)

% 179 | —3.9% (883K) 3.8% (933K)

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TapLe.65. UCl:: Specific conductance (ohm~! cm™); density
(g em~3) and surface tension (dvn cm™%)

k= — 2.2782 4- 4.6911 « 1073T — 1.8260 * 107672
Standard deviation: 0.0002
p = 5.2508 — 1.9455 « 1073T
Standard deviation: 0.0006
v = 204.95 — 1.8500 » 1077
Standard deviation: .02

T K P ¥

810 | 3558
880 0.436 3.539 42.15
890 . 0.451 3.519 40.30
900 0.465 3.500 38.45
910 0.479 3.480 36.60
920 0.492 3.461 $4.75
930 0.505 3.441 32.90
940 0.518 3.422 31.05
950 0.530 29.20
960 0.542 27.35
970 0.559
980 0.565
990 0.576

1000 0.587

The updated values for specific conductance and the new recom-
mendations for density and surface tension are given in table 65.
The data bases for these are, specific conductance: Bogacz and
Ziolek (classical ac technique) [179]; density: Bogacz and Zivlek
(Archimedean method) [179]; surface tension: Desyatnik (maxi-
mum bubble pressure method) [212].

ZnCl:
Melt Prepuratioh and Purification

The melt preparation and purification described in the
following references are discussed under the binary systems
given in section 6.

Ref. Systems
93 CdCl,-ZnCls
91 CsCl -ZnCl.

108 CsCl -ZnCl,
199 CsCl -ZnCls
194 CsCl -ZnCla
195 CsCl -ZnCls
197 CsCl -ZnCls

274 CsCl -ZnCl,
78 KCl -ZnCls

TasLE 66. Electrical conductance studies: ZnCl.

Investigatione oritically re examined

Ref. Tem(p T;ange Cell materials

Calibration

286" | 733-913
297 |589-673 (g)
296 | 589-673 (g)
274 | 589-851 Capillary silica cells;
Pt electrodes; freq. Kl solutions at

range: 500-100,000 25° C [274], [108],
197°} 589851 Hz [274], [108]), [197] | [197]

Deviations from previous NSRDS recommendations: {1, p. 10]

0.1 and 1.0 demal
. 108 |589-851

Ref. Min. departure Max. departure
286 0.04% (913 K) 2.7% (823K)
274 —11% (851K) —40% (621K)

*Data from [1].

*Data from [108].

For a statistical satisfactory fit two equations were generated to
cover the temperature range of reference {274] with standard errors
of estimate of 9.93 + 1077 (588.9 to 672.6 K) ‘and 9.62 » 10~* (684.2
to 851.4K). The method used by Bloom and Weeks [274] is identi-
cal to the onc discusscd under the systems KCl-NaCl and NaCl-
ZnCl; for the references [108, 197].

TasLE 67. ZnCle: Specific conductance {(ohm™! em™1)

k = 4.68133 — 1.4586 *+ 10737 4- 8.8563 » 10772 - 4.1656 + 10~10T*
Standard error of estimate: 2.45% (590-673K)
&= 1.0297 — 22729 + 10737 — 2.9677 + 107772 4- 2.1377 » 10°T3
Standard error of estimate: 1.12% (673-851 K)

T K T 5
590 0.00140 730 0.04395
600 0.00178 740 0.05151
610 0.00248 750 0.05995
620 0.00352 760 0.06930
630 0.00488 770 0.07956
640 0.00658 780 0.09075
650 0.00862 790 ’ 0.1029
660 0.01100 800 0.1160
670 0.01372 810 0.1300
680 0.01908 820 0.1451
690 0.02238 830 0.1611
700 . 0.02650 840 0.1781
710 0.03146 850 0.1962
720 0.03727

These values, based on the work of Bloom and Weeks (classical ac technique) [274], supersede the previous NSRDS recommendations [1].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975



PROPERTIES OF CHLORIDES AND MIXTURES

TaBLE 68, Density studies; ZnCl:

Investigations critically re-examined

Ref, | Temp,range Cell material Calibration
128 623-763 !
109%c|  588-873 | Silica | water
91°¢ 620-868 Sealed silica cell
108 | 587-835 | Silica | water
78 637-93¢ | Ptbhob !
93 623-763 Quartz ball containing | water and CCL
W for weight
194 696-749 Quartz float (weighted water
with W) ; Pt suspension
wire
195 623-723 | as for 194
193 873,973

Deviations from previous NSRDS recommendations: {1, p. 10]

Ref. Min. departure Max. departure
78 —0.86% (660 K) —1.1% (800K)
91 0.0% (630K) —0.5% (800 K)
93 0.0% (680K) —0.2% (760 K)

108 —0.1% (683K) 0.4% (600 K)

193 —02% (873K)

194 —0.02% (733K) —02% (696K)
195 0.04% (660K} —0.1% (720K)

“Data from [93].

*Data from [108).

“References {91, 108, 199] are discussed under the system CsCl-
ZnCl.. A statistical analysis of the experimental data in [108] re-
sulted in a satisfactory linear equation over the whole temperature

" range, as reported for the system CsCl-ZnCle. A slightly better fitted

equation is given in table 69.

TasLE 69. ZnCl:: Density (g cm™%)

899

p = 3.0183 — 1.0536 « 10737 4 3.7641 « 107772
Standard error of estimate: 0.05%

T P T 3
590 2.528 720 2.455
600 2,522 730 2.450
610 2.516 740 2.445
620 2.510 750 2.440
630 2.504 760 2.435
640 2.498 770 2.430
650 2492 780 2.426
660 2.487 79 2.421
670 2.481 800 2.416
680 2476 810 ! 2412
690 247 220 2.407
700 2.465 830 2.403
710 2.460

These values, based on the work of Weeks [108] (pycnometric method), supersede the previous NSRDS recommendations {1].

ZrCls

Melt Preparation and Purification

Nisel'son [268] used the purest {ractions of ZrCly,
fractionated in a packed metallic column. The content of
metallic impurities was less than 0.01%.

ZrCl, in reference [264] was prepared by chlorination
of Zr in a quartz tube under dry argoen to prevent oxida-
tion, followed by resublimation. The product was stored
in sealed ampoules.

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLE 7C. Densily, viscosity and surface tension studies: ZrCl

Investigations critically re-examined

Property Ref. TemF:.rrange Comments
P 264 707-770 Mo glass cell; correction
applied for thermal expansion
of the glass
7 268 710-760 Borosilicate glass cell;
! calibration with water and
CCle; cstimated crror less
: than 1%
v 268 716-761 Borosilicate glass

ET AL

Tasie 71: ZrCli: Density (g cm™3), viscosity (cp) and surface
tension (dyn em™1)

p = —22.3517 4 7.2020 ¢ 10727 — 5.3886 « 10~572
Standard error of estimate: 1.07%
7 = 11.0518 — 2.4817 » 10-2T + 1.3787 + 10~°T?
Standard error of estimate: 4.44%
7y = 304.3602 — 7.0955 » 1077 + 4.0916 - 10472
Standard error of estimate: 3.11%

T p 7 ks

710 : 1.62 0.381

715 1.60 0.356 6.20
720 1.57 0.330 - 5.59
725 1.54 0.306 5.00
730 1.51 0.282 4.43
735 147 0.259 3.88
740 144 0.237 3.35
745 : 1.40 0.215 2.84
750 1.35 0.194 2.35
755 1.31 0.174 1.88
760 1.26 0.154 1.43
765 1.21

The data bases for these. are. density: Nisel’'son and Sekolova
(pycnometric method) [264]; viscosity: Nisel’son (capillary tech.
nique} [268]; surface tension: Nisel’son (capillary rise method)
[268].

5.4. Additional Studies

The following table summarizes information relative to
additional studies for single salt melts that have been
reported since the publication of NSRDS-NBS-15 [1]
and NSRDS-NBS-28 [2]. This information does not

include new systems or cases where a revised recommen-

dation has been introduced; such cases are discussed in
detail in earlier sections. The information included in this
summary table indicates the authors, reference and maxi-
mum and minimum percent departure of the various
studies relative to the previously recommended values.

TaBLE 72. Deviations from NSRDS recommended v:;llues: AgCl

Reference Authors Min. departure Max. departure
Conductance (NSRDS 1eference daia base Bell, Flengas (19647, {1], p. 10)
288 Sakai (1954) —0.40% (727.56 K) —4.919% (880.56 K)
12 Sandonnini (1920) ~8.60% (773.16K)
58 : Markov, Prisyazhnyi (1962) graphical
67,169 Bizouard (1961) —0.76% (97316 K) —~1.08% (873.16K)
. 124 . Markov (1965) graphical
131 Protsenko, Shatskaya (1967) graphical
Density (NSRDS reference data base Bell, Flengas (1964), [1], p. 10)
26 Boardman, Dorman, Heymann (1949) 0.63% (750K) 1.05% (900K)
124 - Markov, Prisyazhnyi (1965) graphical
181 Markov, Prisyazhnyi (1963) graphical
Viscosity (NSRDS reference data base Harrap, Heymann (1955), [1], p. 10)
136 | Harrap, Heymann (1951) | 024% (7732K) |
Surface tension (NSRDS reference data base Boardman, Palmer, Heymann (1955), [2], p. 59

242 l Sternberg, Y'erzi {1972) 1

—2.30% (700K) | —2.70% (480K)
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TabLe 73. Deviations from previous NSRDS recommendations: BaCl: -

Relerence Authors ] Min. departure ) l Max. departure
Conductance (NSRDS reference data base Bockris, et al. (1966), [1], p. 7)
20 Alabyshev, Kulakorskaya (1946) graphical
063 Barzakovskii (1940) ~ 5.48% (1245.16K) —17.18% (1357.16 K)
120 Kochinashvili, Barzakovskii (1957) —6.04% (1273.16 K) —6.10% (1323.16 K)
155* Smirnov, Khokhlov (1969) 0.01% (1260 K) 1.57% (1360 K}
151 Bondarenko, Strelets (1965} graphical
182 Taniuchi (1970) graphical
210 Argyriades (1954) —1.70% (1236.16 K) —4.73% (1343.16 K)
339 Kuvakin, Evstifeev, Ispolin, Talanova (1973) ~12.4%. (12713 K)
Density (NSRDS reference data base Van Artsdalen, Yaffe (1956}, [1], p. 7)
2 Barzakovskii (1940) | —1.40% (1273K)
79 Smirnov, Puzanova, Stepanov (1969) —1.91% (1240K) 2.22% (1270 K)
105 Bukhilova, Yagub’yan (1968) graphical
150 Reding (1965)
152 Yagub’yan, Bukhalova (1968) graphical
167 Bondarenko, Strelets (1962) 0.23% (1273.16K)
89 Bukhilova, Yagub’yan (1965) 6.28% (1360K) 6.46% (1240K)
22 Abramov (1936) 0.0% (1240K) 0.13% (1360 K)
Surface Tension (NSRDS reference data base Peake, Bothwell (1954}, [2], p. 60)
167 Bondarenko, Strelets (1962)
250 Barzakovskii (1940) 0.78% (117316 K}
244 Bertozzi (1964)

graphical 21.2% (1273K)

*Duta prescuted graphically in 209.

TasLe 74. Deviations from previous NSRDS recommendations: BeCl.

Reference

Authors

Min. departure | Max. departure

Conductance (NSRDS reference data base Delimarskii, Shieko, Feshchenko (1955), [1], p. 6)

297 Markov, Polishchuk (1965) | graphical
TaBLE 75. Deviations from previous NSRDS recommendations: BiCls
Reference Anthors I Min. departure Max. departure
Conductance (NSRDS reference data base Grantham (1965), [1], p. 13)
281, 324 Ichikawa, Shimoji (1966) graphical
283 Bertram, Lambrecht, Wiebe (1970) graphical
302,278 Grantham, Yosim (1963) graphical
275 Darnell, McCollum, Yosim (1969) —0.5% (660K) 29.4% (550K)
Density (NSRDS reference data base Voigt, Biltz (1924}, {1], p. 13)-
90 Boston (1968) i —0.12% (700K) —0.22% (780K)
TaBLE 76. Deviations from previous NSRDS recommendations: CaCl;
Reference Authoers Min. departure Max. departure
Conductance (NSRDS reference data base Brockris, et al., (1960), [1), p. 7)
299 Emons, Richter (1965) graphical
297 Markov, Polishchuk (1965) graphical
120 Kochinashvilli, Barzakovskii {1957) —9.35% (1173.16 K) —10.84% (1123.16 K)
12 * Sandonnini (1920) . —5.02% (1123.16 K) —17.24% (1223.16K)
109 Grjotheim, Nikolic, §ye (1970) —1.54% (1093.66 K) —8.73% (1173.46 K)
94 Markov, Prisyazhnyi (1965) graphical
160 Mulcahy, Heymann (1943) graphical
170 Emons, Brautigam, Vogt (1970) graphical
44 Luzhnaya, Evseeva, Vereshchetina (1956) graphical
14 Barzakovskii (1940) —4.57% (1073.16 K) —8.96% (1173.16 K}
146 Story, Clarke (1957) —0.13% (1124.46K) —0.36% (1075.66 K)
S Arndt, Gessler (1908) —9.29% (1123.16 K) —11.43% (1273.16 K)
210 Argyriades (1954)

0.38% (1138.16 K)

—~2.55% (1243.16 K)
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TaBLE 76. Deviations from previous NSRDS recommendations: CaCl—Continued
Reference Authors ! Min. departure Max. departure
Density {NSRDS reference data base Van Artsdalen, Yaffe (1956) [1], p. 7)
6 Arndt, Gessler (1908) —0.92% (1273.16 K) —1.05% (1123.16X)
202 Markov, Prisyazhnyi (1970) 7.16% (1060 K) 7.32% (1120K)
17 Fuseya, Ouchi (1949) 0.56% (1123.16 K) 0.59% (1073.16 K)
34 Vereshchetina (1954) —1.10% (1073.16 K) —1.15% (1123.16 K)
144 Barzakovskii (1940) 1.12% (1060 K) 1.66% (1230K)
94 Markov, Prisyazhnyi (1965) graphical
95 Maurit (1966) graphical
44 Luzhnaya, Evseeva, Vereshchetina (1956) graphical
12 Sandonnini (1920) —0.76% (1073.16 K) —1.06% (1173.16 K)
28 Pavlenko (1949) —0.70% (1157.16K) —0.10% (1073.16K)
130 Lillebuen (1966) —0.01% (1065.56 K) 0.12% (1142.16 K)
133 Grjotheim, Holm, @ye (1971) 0.00% (1073.16 K)
30 Potter, St. Clair, Huber (1952) —0.73% (1091.2K) —0.78% (1148.2K)
TasLE 77. Deviations from previous NSRDS recommendations: CdCl.
Reference Authors Min. departure ! Max. departure
Conduciance (NSRDS reference daia base Bockris, et al., (1960) 11}, p. 11)
288 Sakai (1954) . i —0.12% (930.46 K) 2.17% (850.56 K)
293 Hills, Djordwic (1968) ) 0.03% (873.16 K)
301 Grantham (1966) 0.03% (885.16 K) 3.55% (843.16 K)
116 Sakai (1954} 0.59% (90816 K) 2.29% (868.16 K)
283 Bertram, Lambrecht, Wiebe (1970) graphical
297 Markov, Polishchuk (1965) graphical
160 Mulcahy, Heymann (1943) graphical
94 Murkov, Prisyazhnyi (1965) graphical
117 Sakai, Hayashi (1953) graphical
338 Suski, Stachowicz (1972) 2.29% (903.5K) 2.2% (1009 K)
Density (NSRDS reference data base Bloom, et al., (1953), and Boardman, (1949), (1], p. 11)°
204 II’yasov, Barsegov (1970) graphical
193 Lantratov, Shevilyakova (1963} —0.65% (973.16X) ~213% (873.16K)
94 Markov, Prisyazhnyi (1965) graphical
103 Bloom, Boyd, Laver (1966) —0.02% (1000 K) —0.05% (1070 K)
93 Markov, Prisyazhnyi (1968) —0.01% (970K) —0.48% (870K)

78 Ellis (1967) 0.02% (990K) 0.10% (850 K)
184 Eilis (1959) ~0.02% {987.16XK) —0.15% (895.16 K)
Viscosity (NSRDS reference data base Bloom, Harrap, Heymann, (1948) [1], p. 11)

36 Harrap, Heymann (1955) 0.04% (923.15K) 0.75% (873.15K)

136 Harrap, Heymann (1951) 1.19% (873.15K)
. Surface tension (NSRDS reference data base Ellis, (1958) [2], p. 61)

234 Boardman, Palmer, Heymann (1955) graphical

255 Ellis, Freeman (1965) 0.10% (859.00K) 1.30% (924.00 K)

143 Ellis, Smith (1958) graphical

235 Ellis. Smith, Wilcox, Crook (1961) 0.10% (859.00K) 1.30% (924.00K)
TarrLe 78. Deviations fram previans NSRS recammendatians: CeCl,

Reference Authors I Min. departure l Max. departure
Conductance (NSRDS reference data base Bronstein, Dworkin, Bredig, (1962) {1], p. 8)
289 Smirnov, Lbov (1966) I 18.23% (1120 K} 23.237% (1210K)
Density (NSRDS reference data base Senderoff, (1960) [1], p. 8)
106 Smirnov, Lbov (1966}

] 0.01% (1100K) J

0.01% (1170K)
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TaBLE 79. Deviations from previous NSRDS recommendations: CsCl

903

Authors i .

-Min. departure

I Max. departure

Relerence

Conductance* {(NSRDS reference data base Van Artsdalen and Yafle, {1956) [1}, p. 6)

166" Smirnov, Khoklov {1969) —0.23% (1010K) —~7.48% (940K)

141 Zuca, Olteanu (1968) —0.88% (993.15K) —9.95% (1103.15K)
124 Markov, Prisyazhnyi (1965) graphical

59 Chernov, Delimarskii (1961) graphical

158 Bogacz, Ziolek (1967) 1.31% (940K) 3.23% (990K)
104 Smirnov, Khoklov, Puzanova (1966} graphieal

98 Zuca, Olteanu (1970) —0.55% (1010K) —1748% (948K)
192 Bloom (1963) graphical

71 Fedorov, Petrov (1967) graphical

186 Von Forthmann, Vogel, Schneider (1969) graphical

Density {NSRDS reference data base Van Arisdalen, (1956) {1}, p. 6)

280 Vasu (1969) ’ 0.00% (950K)
284 Jaeger, Kahn (1916) 0.01% (940K) 0.05% (1010K)
294 Musgulescu, Zuca (1962) —0.00% (945.36 K) —0.08% (111016 K)

75 Smirnev, Stepanov, Khokhlov (1966) —0.38% (960K) —1.14% (1070K)

79 Smirmov, Puzanova, Stepanov (1969) 0.12% (970K) —1.26% (1170K)

98 Zuca, Olteanu (1970) : —0.30% (1090K) —0.39% (940K)
103 Bloom, Boyd, Laver, Wong (1966) 0.26% (1110K) 0.46% (970K)
130 Lillibuen {(1966) 0.01% {1020K) —0.14% (940X)
133 Grjotheim, Holm, fye (1971) l 0.09% (1073.16K)
141 Zuca, Olteanu (1969) —0.29%. (1090 K) i —0.38% (940K)
158 Bogacz, Ziolek (1970) —0.56% (990K) —0.58% (940 X)
177 Smirnov, Stepanov (1969) 1.22% (1123.16 K)
202 Markov, Prisyazhnyi, Prikhod’ko {1970) —0.06% (940K) —0.16% (1000K)
124 Markov (1965) graphical

142 Bloom (1963) graphical

152 Bukhalova, Gagub’yan (1968) graphical

181 Markov, Prisyazhnyi (1963) graphical
205 Prisyazhnyi, Bryzgailo (1966) graphical

Surface tension (NSRDS data reference base Jaeger, (1917) [2], p. 58)

244 Morachevski (1967) graphical’
252 Smirnov, Stepanov (1968) —0.10% (993.16K) —1.10% (933.16K)
253,258 Lillebuen (1969) —0.05% (101316 K) —1.40% (933.16K)

*The results of Smirnov (1966), Smirnov (1969) and Zuca (1968) are in agreement within 1% at temperatures up to 1020K, but at

higher temperatures the Van Arisdalen data fall uniformly above with a maximum percent departure ~8% at ~1160 K.
*Reported graphically in 209.

TasLE 80. Deviations from previous NSRDS recommendations: ErCls

Reference Authors ] Min. departure l Max. departure
Conductance (NSRDS reference data base Dworkin, Bronstein, Bredig, (1963) [1], p. 9)
190 Forthmann, Schneider (1969) | graphical
TasLe 81. Deviations from previous NSRDS recommendations: HgCl,
Reference Authors . Min. departure Max. departure
Conductance (NSRDS reference data base Grantham, Yosim, (1966) [1], p. 11)
313 Cleaver, Smedley (1970) graphical
205 Darnell, McCollum (1971) data: A at clevated
pressures
278 Grantham, Yosim (1967) graphical
76 Bergman, Chagin (1940) 1.92% (573.16K)
15,123 Belyaev (1940) graphical
Density (NSRDS reference data base Janz, Mclntyre, (1962) [1], p. 11)
310° l Johnson, Silva, Cubiciotti (1965) —0.17% (596.8K)

[ —0.38% (568.8K)

*See also [1], ref. 127.
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TasLE 82. Deviations from previous NSRDS recommendations: KCl
Reference Authors (‘ Min. departure i Max. departure
Conductance (INSRDS reference data base Van Arsdalen and Yaffe, (1955), [1], p. 5)
290 Lillebuen, Danek (1970) graphical

94 Markov, Volkov, Prisyazhnyi (1965) graphical
109 Grjotheim, Nikolic, pye (1970) 0.09% (1149.95K) 0.05% (1123.55K)
160 Mulcahy (1943) graphical
171 Emons, Brautigam, Vogt (1970) graphical

98 Zuca, Olteanu (1970) —0.13% (1200 K) —0.27% (1060 K)
287 Balakir, Bushnev (1968) 9.51% (1073.15K) 17.711% (1213.15K)
270 Kuraev, Voleinii, Shabdenov (1972) —5.76% (1223.15K) —7.58% (1123.15K)
305 Lillebuen, Danek (1972) 0.11% (1150K) 1.75% (1070 K)
186 Vogel, Schneider (1969) graphical
190 Von Forthmann, Scheider (1969) graphical

. bo Matsumura, Mizuno, Nishihara (1966) 0.13% (1073.15K) 0.24% (1113.15K)
183 Kawamura (1969) . graphical

96 Ukshe, Kachina-Pullo (1966) —0.02% (1170.15K) —0.20% (1126.15K)
113 Sherbakov, Markov (1939) —1.21% (1073.15K) ¢ —1.66% (1073.15K)
114 - Botashev (1935) 4.15% (1073.15K) i 11.94% (1173.15K)
145 Karpachev, Stromberg (1934) —0.37% (1123.15K) —1.21% (1073.15K)

72 Murgulescu, Zuca (1959) 0.01% (1123.15K) 0.04% (1073.15K)
218 Markov, Tarasenko (1958) graphical )

o7 Sundheim (1957) 0.04% (1073.15K)

142 Bloom (1963) graphical

7 Fedorov, Petrov (1967) graphical

55 Delimarskii, Chernov (1960) 0.13% (1073.15K)

g0 Delimarskii, Chernov (1961) graphical .

61 Kamenetskii, Scheoylajakova (1962) 0.50% (1223.15K) —5.04% (1123.15K)

58 Markov, Prisyazhnyii (1962) graphical

67 Bizouard (1961) | —0.01% (1073.15K)

124 ‘Markov, Prisyazhnyii (1963) ' graphical K

95 Doucet, Michel (1960) ~0.01% (1073.15K)

83 Zuca, Ionescu-Vasu (1967) 0.25% (1060K) ~0.5% (1200K)°
201 Matsumura, Mizuno, Nishihara (1967) —0.01% (1086.15K) 0.18% (1126.15K)

56 Markov, Prisyazhnyii (1962) graphical o
273 Janz, Lorenz {1960) —0.10% (1107.55K) —2.79% (1125.35K)
210 Argyriades (1954) . 3.62% (1128.15K) a .4.31% (1176.15K)

Density (NSRDS reference data base Van Artsdalen, Yaffe, (1955) [1], p. 5) -

28 Pavlenko (1949) —0.90% (1145.15K) —1.15% (107115 K)
130 Lillebuen (1961) 0.20% (1123.15K) 0.32% (1073.15K)
133 Grjotheim, Holm, fiye (1970) 0.32% (1073.15K) )

98 Zuca, Olteanu (1969) 0.00% (1090K) 0.21% (1210K)
178 Smirnov, Stepanov (1969) * —0.08% (1170K) —0.10% (1070K)
228 Neithammer, Peake {(1961) —0.37% (1222.15K) —0.85% (1089.15K)
284 Saeger, Kahn (1916) —0.24% (1110.15K) 3.83% (1058.15K)

27 Von Grothe (1949) —0.00% (117315K)’ 0.45% (1073.15K)

89 Bukhalova, Yaguh’yan (1965) ® —0.139% (1060 K) —039% (1270K)
150 Reding (1965) —0.25% (1070K) 0.32% (1220K)}

83 Zuca, Jonescu-Vasu (1967) 0.00% (1103K) —0.23% (953K)

62 Treadwell, Cohen (1939) —1.07% (1073.15K)

145 Karpachev, Stromberg (1934) ~167% (1073K)

72 Murgulescu, Zuca (1959) 0.12% (1073.15K)

24 Barzakovskii (1940) —0.28% (1173.15K) —4.05% (1073.15K)"
143 Ellis, Smith (1958) \ 0.00% (1250K)
181°¢ Markov, Prisyazhnyii (1963) : ~0.21% (1073.15K) :

53 Murgulescu, Zuca (1965) 0.01% (1093K) 0.02% (1203K)
194 Markov, Bolkov (1967) —0.16% (111145K) —0.18% (1142.15K)
189 Mochinaga, Kuroda (1969) 1.29% {(1070K) 2.43% (1270K)
219 Buckle, Tsaoussoglou (1972) 1.07% (1060K) 1.86% (1220K)
171 Emons, Brautigam, Vogt (1970) graphical

87 Yamate, Takeuchi (1960) graphical
193 Lantratov, Shevlyakova (1963) graphical
100 Matsumura, Mizuno, Nishihara (1966) graphical
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TasLE 82. Deviations from previous NSRDS recommendations: KCl—Continued

Reference Authors I Min. departure Max. departure

Viscosity (NSRDS reference data base Murgulescu, Zuca, (1961)¢ [1], p. 5)
T

277 Dumas, Grjotheim (1970) \ —7.11% (1136.15K) —10.28% (1080.15K)
24 Barzakovskii (1940) ‘ 3.39% (1073.15K) 5.70% (1173.15K)
66 Bondarenke (1966) ] 0.43% (1113.15K) 11.47% (1151.15K)
53 Murgulescu, Zuca (1965) . 0.35% (1073.15K) 1.46% (1113.15K)

100 Matsumura (1964) 20.58% (1063.16 K) 23.50% (1108.15K)
88 : Bondarenko (1969) 0.09% (1151.15K) 9.59% (1106.00 K)
29 ! Ogawa (1949) graphical

201 } Matsumura, Mizuno, Nishihara (1967) graphical

*See [106] for graphical analysis.

"See [152] and [105] for graphical analysis of this data.

*See [94], [124], [162] and [205] for additional information.

See also S. Zuca and R. Borcan; Rev. Roum. Chim., 15, 1681 (1970). In light of these additional studies the uncertainty estimate reported
in Molten Salts Vol. 1 should be revised to +1.5% for the lower temperature limits to 2 somewhat larger uncertainty i.e. +5% at the higher
temperatures. .

TasLE 83. Deviations from previous NSRDS recommendations: LaCl:

Reference. | Authors l Min. departure | Max. departure

Density (NSRDS reference data base Va_n Artedalen, Yaffe, (1956) {1), p. 8)

| —135% (1140K)

177 | Smirnov, Stepanov (1969) ] —0.56% (1260K)
Viscosity® (NSRDS reference data base Smirnov, Khokhlov and Stepanov (1966) [1], p. 8)
173 l Smirnov and Khokhlov (1970) 0.18% (1240K) L 3359 (1190K)

*The uncertainty estimate reported in ref. 1 should be increased to 3%.

TaBLE 84. Deviations from previous NSRDS recommendations: LiCl

Reference Authors Min. departure l Max. departure

Conductance (NSRDS reference data base Van Artsdalen and Yaffe (1955) [1], p. 4)

47 Duke, Bissell {1064) 1.18% (986.15 K) 2.819, (982.55K)
287 Balakir, Bushnev (1968} —3.01% (1023K) .

67 Bizouard (1961) —0.08% (973.15K) —0.20% (923.15K)
179 Bogacz, Ziolek (1970) —0.69% (925K) —0.82% (895K)
155 Smirnov, Khokhlov (1969) Equation given; outside -

temperature range of
data base

65 Matsumura, Mizuno (1966) —0.36% (1023K) 1.28% (1073 K)
210 Aragyiades, (1954) —5.28% (1076 K) —6.97% (1163K)
191 Danielyan, Belyaev (1965) Single data point; outside

temperature range of data
base
183 Kawamura (1969) graphical

3 Fedorov, Petrov (1967) graphical
171 Emons, Brautgam, Vogt (1970) graphical

94 Markov, Prisyazhnyi, Volkov (1965) graphical

Density (NSRDS reference data hase Van Artsdalen, Yaffe (1955) {11, p. 4}
284 “Jaeger, Kahn (1916) % —0.34% {899.15K) —0.37% (956.15K)
294 Murgulescu, Zuca (1962) ® —0.25% (1062.15K) —0.71% (1014.15K)
130 Lillebuen (1961} 0.16% (902.6 K) 0.73% (1059.6 K)
133 Grjotheim, et al. (1971) T out of range of data base
179 Bogacz, Ziolek (1970) 0.26% (910K) 0.32% (920K)
202 Markov, et al. (1969) 0.01% (910 K) 0.01% (1050K)

75 Smirnov, et al. (1966) 0.00% (950K) —0.10% (1060K)
176 Smirnov, Stepanov (1970) —0.22% (1123K) '
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TasLe 84. Deviations from previous NSRDS recommendations: LiCl—Continued

Reference Authors Min. departure ( Max. departurc
Density (NSRDS reference data base Van Artsdalen, Yaffe (1955) {11, p. 4}
194 Ma_rkov, Bolkov (1966) —0.26% (927.65K} l —0.44% (896.35K)
191 Danielyan, Belayev (1963) . —0.01% (970 K) —0.13% (890 K}
196 Chesnokoy, Strelets (1970) graphical
171 Emons, Brautigam, Vogt (1970) graphical
100 Matsumura, Mizuno, Nishihara (1966) graphical
Viscosity® {NSRDS reference data base Murgulescu, Zuca (1963) ¢ {1], p. 4)
88 Bondarenko (1964) —1.04% (911K) 9.78% (917K)
82 Smirnov, Khokhlov (1967) —0.60% (1060 K) —4.65% (930K)
23 Karpachev, Stromberg, Padachinova (1935) —2.39% (973K) { —841% (1073K)
86 Nishihara, Matsumura, Asaki (1964) 7.42% (947 K) 15.66% (917X)
204, Murgnlesen, Zuea (10692) —011% (100745 K) —1.249, (958.15K)
Surface tension (NSRDS reference data base Ellis (1961) {2}, p. 55)
252 Smirnov, Stepanov (1968) 5.65% (1133K) j 9.64% (893 K)
257 : Mizuno (1968) 4.43% (1188K) 7.06% (887 X)
179 Bogacz, Ziolek {1970) : 11.76% (920K) 14.32% (880K)
258 i Grjotheim, Holm, Lillebuen (1971) 0.31% (893 K) —2.24% (1143K)

*The fact that the new results are consistently lower would support the suggestion that therc may be a conductance short through the cell
walls occurring in some of those studies clustering at the higher values. Until experiments are repeated using an air thermostatted bath in a
sealed capillary cell it is difficult to resolve this problem unambiguously (refer to section 3.1).

*See also S. Zuca and R. Borcan; Rev. Roum. Chim,, 15, 1681 (1970).

“In light of the new investigations the uncertainty estimate reported in Molten Salts Vol. 1 should be revised to +3%.

¢See also S. Zuca and R. Borcan; Rev. Roum. Chim,, 15, 1681 {1970).

TanLe 85. Deviations from previous NSRDS recommendations: MgCl.

Reference Authors J Min. departure f Max. departure
Conductance (NSRDS reference data base Bockris, et al. (1960) [1], p. 6)
109 Grjotheim, Nickolic, fye (1970) —0.18% {1082 K} —0.37% (1220K)
114 Batashov (1935) —-3.96% (1023 K) —5.50% (1123 K}
117 Sakai, Hayashi (1953) 0.66% (1023K) 0.79% (973K}
151 Bondarenko, Strelets (1965) graphical
167 Bondarenko, Strelets (1962) —0.25% (1073 K) —5.32% (1173 K)
30 Potter, Huber, St. Clair (1952) —0.55% (999 K) —2.21% (1242 K)
94 Markov, Prisyazhnyii (1965) graphical
96 Ukshe, Kachina (1966) : 2.25% (1074 K) 2.42% (1103K)
Density (NSRDS reference data base Ellis, Smith (1958) [1], p. 6)
196 Chesnokov (1970) graphical
30 Potter, Huber, St. Clair (1952) 0.41% (1240K) 0.62% (1000 K)
130,133 Liliebuen (1969) 0.37% (1000 K) 0.60% (1240K)
102 Grothe (1962) graphical
150 Reding (1965) 0.77% (1000K) 0.87% (1240K)
95 Marit (1966) 0.0% (1145K) —2.26% (1240K)
62 Treadwell, Cohen (1939) —0.19% (998 K) 0.30% (1073K)
Surface tension (NSRDS reference data base® Desyatnikov (1056) [2], p. 50)
236 Grjotheim, Holm, et al. (1972) —4.82% (1203.16 K) —6.56% (993.16 K)
167 Bondarenko, Strehlets (1962} ) 1.50% (993.16 K) 1.55% (1203.16 K)
241 Reding (1966) 7.76% (1203.16 K) 9.40% {993.16 K)
223 Zezyanov, I’ichev (1960) ) 0.76% (1073.16 K)

*The uncertainty of the recommended data base is estimated to be =2%.
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TasLE 86. Deviations from previous NSRDS recommendations: NaCi*

907

Reference Authors Min. departure. Max. departure
Electrical conductance (NSRDS reference data base Van Artsdalen, Yaffe (1955) [1], p. 4)

309 Ketelaar, Maenaut (1972) —0.01% (1133K) —-3.11% (1273K)
54 Beloserski, Freidina (1941) —3.54% (1123 K) —6.42% (1098 K)
109 Nikolic, Grjotlieim, $ye (1970) 0.11% (1136 K) 0.80% (1095 K)
63 Barzakovskii (1940) —0.44% (1089 K) —1.79% (1197K)
61 Kamenetzky, Shevlyakova (1962) —4.61% (1223K) —5.91% (1173K)

287 Balakir, Bushuev, Kudryavtsev (1968) —2.20% (1123K) —5.61% (1223K)

201 Lee, Pearson {1945) 0.79% (1173K) 1.12% (1223K)

200 Danck, Matiasovsky, Lillcbuen {1971) - 0.229 (1198 K)

65 Matsumura, Mizuno, Nishihara (1966) —1.66% (1113K) —2.14% (1153K)
67 Bizouard (1961) 0.18% (1123K)

201 Matsumura, Mizuno, Nishihara (1967) —1.35% (1106 K) —1.80% (1166 K)

210 Argyriades (1054) —2.84% (1148K) —631% (1263K)

247 Bondarenko, Strelets (1962) —2.34% (1123K) —3.07% (1173 K)

113 Markov, Sherbakov {1939) 1.82% (1123K)

114 Batashev (1935) —2.56% (1173K) —4.35% (1123K)

305 Matiasovsky, Lillebuen, Danek (1972) 0.17% (1243K) 0.50% (1123 K)

146 Clarke, Story (1957) ) —0.12% (1170K) 0.99% (1083 K)
83 Zuca, Vasu (1967) 0.01% (1083 K) —1.42% (1173K)

Density (NSRDS reference data base Van Artsdalen, Yaffe (1955) [13, p. 4)

152 Yaguby’an, Bukhalova (1968) graphical

171 Emons, Brautigam, Vogt (1970) graphical
34 Vereshchetina, Luzhnaya (1954) —1.29% (1098.16 K) —1.46% (1123.16K)

133 Grjotheim, Lillebuen, Holm (1971) 0.22% (1073.16X)

12 Sandonnini (1920) —1.13% (1123.16 X)

196 Chesnokov (1970) graphical

294 Zuca, Murgulescu (1962) ~0.61% (1085.86 K) ~1.68% (1165.46 K)

284 Jaeger, Kahn (1916) —0.73% (1127.16 X) —1.36% (1098.16 K)
18 Fuseya, Ouchi (1913) —0.35% (1128.16 K) —0.48% (1073.16 K)
98 Zuca, Olteanu (1970) 0.21% (1090 K) 0.29% (1180K)
89 Bukhalova, Yagub’yan (1965) 3.00% (1080K) 4.46% (1270K)

144 Barzakovskii (1940) 0.84% (1080 K) 1.68% (1270K)
44 Luzhnaya, Evseeva (1956) graphical

162 Markov, Prisyazhnyi (1963) graphical

130 Liilebuen, Herty, Frear (1961) 0.24% (1090 K) 0.27% (1130K)

156 Sheiko, Perks, Pozdnyokov (1965) —2.89% (1080 K) —4.55% (1290 K)
83 Zuca, Jonesen-Vasu (1967) —1.019, (1080K) —1.179 (1200K)

200 Yamada, Yoshida, Kunoda (1969) —1.23% (1170K) —1.36% (1080K)
17 Fuseya, Ouchi (1949) —0.46% (1085K) —0.47% (1080K)

Viscosity” (NSRDS reference data base Murgulescu and Zuca (1963) [1], p. 4)

151 Bondarenko, Strelets (1965} —5.65% (123¢4K) ~15.93% (1088K)
24 Barzakovskii (1940) 0.32% (1173K) —11.36% (1273K)
34 Vereshchetina, Luzhnaya (1954) 2.65% (1153K) 7.91% (1123 K)
53 Murgulescu, Zuca (1965) 0.32% (1153K) —1.82% (1093K)

201 Matsumura, Mizuno, Nishihara (1967) 2.82% (1113K) —6.62% (1083 K)

217 Dumas, Grjotheim, Hogdahl, fye (1970) —18.27% (1175K) —31.45% (1087 K)

320 Moynihan (1967) 0.27% (1074 K)

Surface tension® (NSRDS reference data base Sokolova, Voskresenskaya (1962) 2], p. 57)

242 Sternberg, Terzi (1972) 0.0% (1123.0K) 22% (12432K)

250 Barzakovskii (1940} 0.0% (12713K) 06% (1094.1K)

257 Mizuno, Matsumura, Tenako (1968) 0.0% (1075.6K) 03% (1094.1K)

308 Lutzow, Holm (1971) —1.89, (10832 K) —2.39, (1243.2K)

258 Grjotheim, Holm, Lillebuen {1971) 1.86% (1083.1K) 1.90% (1245.1K)

254 Dahl, Duke (1957) 1.23% (1147.1K) 3.02% (1099.1K)

*For further discussion of the electrical conductance of NaCl see section 3.1,

*Additional etudies arc nceded in order to establish a revised recouunendation for this system (see section 3.3).

“In light of the new data, the uncertainty estimate reported in Molten Salts Vol. 2 should be revised to #+1%. On examination of the total
number of investigations, it is seen that there is a cluster of results within close agreement, falling outside this limit and in which the detach.
ment method is in agreement with the maximum bubble pressure method again within the limits of +1%. When additional results are avail-
able the reference base may have to be adjusted to somewhat higher values.
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Tapik 87. Deviations from previous NSRDS recommendations: NdCh
Reference Authors Min. departure Max. departure
Conductance (NSRDS reference data base Voigt, Biltz (1924) [1], p. 9)
186 Von Forthmann, Vogel, Schneider (1969) graphical
312 Cho, Kuroda (1972) 17.95% (1170K) 25.81% (1050 K)
TaBLE 88. Deviations from previous NSRDS recommendations: PbCle
Reference Authors Min. departure Max. departure
Conductance (NSRDS reference data base Lantratov, Moiseeva (1960) [11), p. 13)
210 Agyriades (1954) T out of range of data base
13 Tarasova (1947) —0.08% (793.15K) —0.98 (773.15K)
131 Protsenko (1967) graphical
94 Markov, Prisyazhnyii (1965) graphical
117 Sakai, Hayashi (1955) graphical
49 Bloom, Macky (1970) —0.43% (873.15K) 0.52% (823.15K)
142 Bloom (1963) graphical
185 Easteal, Hodge (1969) —1.30% (890K) —1.65% (810K)
98 Barzakovskii (1940) —0.63% (773.15K) —0.95% (873.15K)
12 Sandonnini (1920) 1.22% (773.15K)
17 Markov, Tarasenko (1958) graphical
Density (NSRDS reference data base Boardman, Dorman, Heymann (1949) (1], p. 13)
94 Markov, Prisyazhnyi (1965) graphical
103 Bloom, Boyd, Wong (1966) —0.06% (910.00 K)
142 Bloom (1963} graphical
195 Markov, et al. (1968) 0.05% (870K) 0.11% (970 K)
193 Lantratov, et al. (1963) graphical
101 Hersh, Kieppa (1964) graphical
Surface tension (NSRDS reference daia base Duke, Dahl (1957) {2], p. 61)
234 Boardman, Palmer, Heymann (1954) graphical
250 Barzakovskii (1940) 3.63% (773.15K)
TasiLE 89. Deviations from previous NSRDS recommendations: PrCls
Reference Authors Min. departure Max. departure
Conductance (NSRDS reference data base Voigt, Biliz (1924) [1], p. 8)
190 Von Forthmann, Vogel, Schneider (1969) graphical
312 Cho, Kuroda (1972) 0.37% (1220 K) 11.88% (1120 K)
Tasre 90. Deviations from previous NSRDS recommendations: RhCl
Reference Authors Min. departure Max. departure
Conductance® (NSRDS reference data base Van Artsdalen, Yaffe (1956) [1], p. 6)
171 Emons, Brautigam (1970) graphical
300 Fuller, Reilly (1967) graphical
98 Zuca, Olteanu (1970) —1.66% (1070K) —2.21% (1090 K)
59 Chernov, Delimarskii {1961) graphical
158 Bogacz, Ziolek (1970) —0.25% (1010K) —1.22% (1040K)
124 Markov, Prisyazhnyii (1965) graphical
57 Markov, Prisyazhnyii (1962) graphical
141 Zuca, Qlteanu (1968) 0.02% (1070K) —0.57% (1090 K)
71 Fedorov, Chernov (1967) graphical
Density (NSRDS reference data base Van Artsdalen, Yaffe (1956) [1], p. 6)
130 Lillebuen (1961) 0.04% (1004K) 0.14% (1112K)
103 Bloom, Boyd, Laver (1966) 0.10% (1000K) 0.41% (1200K)
158 Bogacz, Ziolek (1970) —0.08% (1010 K) —0.13% (1030 K)
133 Grjotheim (1971) 0.04% (1004K) 0.14% (1112K)
141 Zuca, Olteanu (1968) 0.0% (1100K) 0.14% (1140K)
98 Zuca, Olteanu (1970) —0.02% (1080 K) 0.15% (1200K)
142 Bloom (1963) graphical
171 Emons, Brautigam, Vogt (197_0) graphical
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TabLE 90. Deviations {rom previous NSRDS recommendations: RbCl—Continued

909

Nelerence

Max. departure

124
181
280

Authors Min. departure
Density (NSRDS reference data base Van Artsdalen, Yaffe (1956) [1], p. 6) —Continued
Markov, Prisyazhnyii (1965) graphical
Markov, Prisyazhnyii (1963) graphicalv .
Vasu (1969) 0.0% (1010 K)

; *I'he results reported by Zuca (1968, 1970) and Bogacz (1970) are in accord with the Van Artsdalen data base to +1.0% up to 1100K,
but ut higher temperatures the Zuca data fall uniformly below, the maximum percent departure being ~3% at ~1190K.

TasLE 9]1. Deviations from previous NSRDS recommendations: SnCl;

! Reference Authors ' Min. departure i Max. departure
Conductance (NSRDS reference data base Grantham, Yosim (1966) [1], p. 12)
119 Rafalskii (1960) —0.80% (623.15K) 1.37% (573.15K)
288 Sakai (1954) ~0.55% (662.3 K) —8.10% (591.9K)
Density (NSRDS reference data base Jaeger (1917) [1], p. 12)
128 Prikhod’ke (1970) I 0.85% (600 K} l 0.91% (550K)
TaBLE 92. Deviations from previous NSRDS recommendations: SnCls
Reference Authers | Min. departure | Max. departure
Decnsity (NSRDS icfescnce data base Pugachevick, Niscl’sun (1963) [1}, p. 13)
48 Toropov {1956) | —0.17% (333K) [
. Viscosity (NSRDS reference data base Pugachevick, Nisel’'son (1963) [1], p. 13)
18 Toropov (1956) | 1.22% (313.15K) | 8.979% (293.15K)
TaBLE 93. Deviations from previous NSRDS recommendations: SrCl.
Reference Authors ’ ' Min. departure I Max. departure
Conductance (NSRDS reference data base Bockris et al. (1960) [11, p. 7)
S Arndt, Gessler (1908) ~547% (1173.15K) —8.97% (1323.15K)
297 Markov, Polishchuk (1965) graphical
298 Dworkin, Bronstein, Bredig (1966} —2.13% (1173.15K)
Surface tension (NSRDS reference data base Ellis (1958) [2], p. 65)
244 Bertozzi (1966)° | graphical |
TaBLE 94. Deviations from previous NSRDS recommendations: ThCl,
Reference . Authors l Min. departure l Max. departure
Conductance (NSRDS reference data base Voigt, Biltz (1924) [1], p. 9)
81 Yoshida, Ogamada, Kuroda (1968) | 0.0% (1090 K) l —4.83% (1150K)
TaBLE 95. Deviations from previous NSRDS recommendations: TiCl
Reference Authors ’ | Min. departure I Max. departure
Viscosity (NSRDS reference data base Toropov (1952) [1], p. 9)
221 Sagawa (1933) —4.72% (293.15K) —5.94% (298.15K)
346 Ruban, Isaeva (1966) outside temperature range
of data base
TasLE 96. Deviations from previous NSRDS recommendations: TICE
Reference Authors Min. departure I Max. departure
Conductance (NSRDS reference data base Grantham, Yosim (1966) 1], p. 12)
181 Protsenko, Shatskaya (1967) graphical §
70 Belyaev (1953) —0.23% (723.16 K) ] 2.28% (743.16K)
68 Lantratov, Moiseeva (1961) —0.09% (723.16K) : —25% (743.16 K)
14 Protsenko, Popovskaya (1961) 2.00% (753.16 K) ! 3.09% (743.16K)
12 Sandonnini (1920) 0.48% (873.16 K) l 100% (773.16K) -
Density (NSRDS reference data base Klemm (1926) [1], p.12)
195 Markov, Prisyazhnyii (1968) 00% (780K) —0.12% (720K)
204. Ilyasov, Barsegov (1970) graphical
219 Buckle, Tsaoussoglou (1972) T out of range of data base
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6. Binary Mixtures

6.1. Discussions and Numerical Values

This section comprises a discussion of the investigated
transport properties featuring references, composition and
temperature ranges, percent departure values, and experi-
mental techniques. The melt preparation and purification
section summarizes the procedures used in each investi-
gation. Numerical tables of physical properties at rounded
or experimental compositions and temperatures, together
with temperature and composition-dependent equations,
are given for the recommended studies. Phase diagrams
for the binary mixtures are reported as an «id to thc uscr.

AgCl-KCI
900 T T T T T T T T

AgCI-KCl

700}~ . , -

:G .
®
2
o
= 500 .
=
£
2
300} o ° o
I | L ] — | ! { L
0 20 40 80 80 100
AgCl! KCI
. Mol % KCI

Ficure 2. Temperature-composition phase diagram for AgCl-KCIL

S. F. Zhemchuzhnyi, Zhrfkho, clast’ Khimicheskaya, Vol.
38:.1052 (report), 1135 1966; lzv. Politekhnicheskogo
Instituta, Vol. 6: 443, 1906; S. F. Zemczuzng, Z. anorg.
Chem., 57, 267 (1908). '
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Melt Preparation and Purification

Boardman et. al. [26] and Harrap and Heymann [35]
used analytical reagent potassium chloride and prepared
silver chloride from A. R. silver nitrate and hydrochloric
acid. After fusion of the silver chloride to a transparent
solid, small amounts of reduced silver could be detected
if present. Mixtures were analyzed by leaching out the
soluble salt with warm water or by dissolving the melt in
concenirated ammonia followed hy preecipitation of the
silver chloride with nitric acid. Although photo-decompo-
sition of the mixtures showed little effect on the resulting
measurements, all operations were carried out in sub-
dued light.

Boardman et. al. [234] used salis that were either of
A.R. purity or prepared from reagents of this purity and
recrystallized.

TasLE 97. Electrical conductance studies: AgCl-KCl

Tavestigations critically re-examined

KCl Temp. range
Ref. Mol % () Comment
35 | 0-657 673-973 | Cell material: B.T.H.-C14
glass; Pt electrode; freq.
range ~ 3000 Hz; calibra-
tion: IN KCI solution
218 cutcctic 860-1180

Deviations from previous NSRDS recommendations: {1, p. 10]

Ref. MIEIC !% Min. departure Max. departure
35 0 —2.4% (978K) —2.6% (873K)
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TasLe 98. AgCl-KCl: Specific conductance (ochm™! cm™1) TasLe 100. AgCl-KCl: Density (g em™3)
Mol percent KCI ] Mol percent KCl
T 65.7 53.2 423 - 209 0.0 T 52.2 32.0 194 0
680 2.333 660 3.630
690 2.374 680 3.611
700 2415 ] 700 3.591
710 2.456 720 3.572 4.039
720 2.495 740 3.553 4.020
730 1.764 2.534 3.731 760 3.534 4.001 4.804
740 1.802 2,572 3.770 780 3.515 3.912 4.786
750 1.840 2.608 3.809 800 3.495 3.963 4.767
760 1.876 2.645 3.846 820 3.476 3.944 4.748
770 1.913 2.680 3.883 840 2.787 3.457 3.925 4.729
780 1.948 2714 3919 860 2.770 3.438 3.906 4.710
790 1.983 2.748 3.954 880 2.752 3.419 3.887 4.692
800 2.017 2.781 3.988 900 2.734 3.399 3.868 4.673
810 2.051 2.813 4.022 920 2.717 3.849
820 2084 2.844 4.055 940 2.699 3.830
830 1.866 2.116 2.874 4.086 960 2.682
840 1.899 2.148 2.904 4.118 980 2.664
850 1.931 2179 2933 4.148 1000 2.646 '
860 1964 2.209 2.961 4.178 Temperature-dependent equations
870 1.905 2 930 2088 4904 o=a-f br
880 2.027 2.268 3.014 4234 -
890 2.059 2.297 3.039 4261 Mol % KCl b-10°
900 2.090 2.324 3.064 4288 0 5519 094
910 2121 2.352 3.088 4.313 194 4.723 0.95
920 2.152 2.378 3111 4.338 32.0 4.263 —0.96
930 | [2010] | 2183 2.404 3133 4.362 52.9 3.5% —088
940 2. . X 1 4.385 .
950 {233%' ;;ﬁ gﬁz :1% 4.408 These va:ues a;: based on the work of Boadman et al. (dilato-
%60 | [2.118] | 221 2.478 3194 4.429 meuric method) {26].
970 [2.153]) 2.304 2.501 ¢ 3213 4.450
Temperature-dependent equations TasLE 101. Viscosity studies: AgCl-KCl
= bT T2
r=at te Investigations critically re-examined
Mol % KC| Stand. KCi Tem ge
. 108 . 108 p. ran . R
ol % KCI a b+ 16 c+10 :fne:lt-, Ref. Mol % (1) Cell material Calibration
0.0 1.2820 9.7014 —3.9922 0.10% [35] | 0-61.0 673- 973 B.T.H.-C14 glass | Molten KNOs
20.9 —2.4446 9.8210 —4.1116 0.20% Comment: Viscosity values for pure silver chloride in reference
423 —2.7417 8.5052 —3.1959 0.19% [35] are those recommended in [1].
53.2 —1.5240 4.9048 —0.9880 0.02%
(5.7 [—27_535] [6.6100] [-1.6000] 0.00%

These values are based on the work of Harrap and Heymann
(classical ac technique) [35].

TasLE 99. Density studies: AgCl-KCl

Investigations critically re-examined

Ref. M]f)lc {% Temp. range Cell material Calibration
26 0, 194, 658-1018 Silica glass Molten AgNO;
32.0, 52.2 dilatometer
Deviations from previous NSRDS recommendations: [1, p. 10]
Ref. Mlglc 3% Min. departure Max. departure
26 o —0.82% (760K) —1.0% (900K)

Comment: Boardman et al. [26] applied corrections for the shape
of the meniscus, buoyancy and expansion of the silica dilatometer.
The authors state that the method cannot be used above 700-750 °C
due to chemical attack on the silica glass. A maximum error of
+0.30% in the density values was reported.

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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Tasie 102. AgCl-KCl: Viscosity (cp)}
Mol percent KCl1
T 61.9 55.1 32.1 194 0.0
680 3.01
690 2.88
700 2.77
710 2,66
720 255
730 2.46 242 2.30
740 2.37 2.35 224
750 2.28 2.28 2.19
760 2.20 221 2.14
710 2.13 2,15 2.09
780 206 2.08 2.04
790 1.99 2.02 2.00
800 1.93 1.97 1.95
810 1.87 191 191
820 1.82 1.86 1.87
830 1.82 1.76 1.81 1.82
840 177 1.71 1.76 1.78
850 172 1.66 172 175
860 1.68 1.62 1.67 171
870 1.63 1.58 1.63 1.67
880 {1.61] 1.58 1.54 1.59 1.64
890 [1.57] 1.54 1.50 1.55 1.61
900 [1.53] 1.50 146 1.52 157
910 1.491 1.46 142 148 455
920 11.45] ! 1.42 1.39 1.45 1.52
930 [1.417 1.38 1.36 141 1.49
940 [1.38} 1.35 1.33 1.38 1.47
950 [1.34] 1.31 1.30 1.35 1.45
960 [1.31] 1.28 1.27 1.32 142
970 [1.29] 1.25 1.24 1.29 141
Temperature-dependent equations
n=a-4 bT 4 cT? 4 4T3
w= A~ exp (E/RT)
E Stand.
Mol % KCI1 a b+ 107 ¢+ 10° 4+ 10° 410" (cal mol~?) oefn‘;g
0.0 6.4257 —0.2698 —0.8623 6.2580 0.12%
19.4 22.7942 —5.7017 5.1895 —16.4588 0.31%
32.1 1.556 4003 0.85%
55.1 4.7309 0.4686 ~—1.7793 9.5504 0.30%
61.9 [—94.8174] [32.6001] l [—36.3272} [133.3306] 0.00%

These valucs are based on the work of Harrap and Heymann (capillary method) [35].

TaeLE 103. Surface tension studies: AgCI-KCl

TasLE 104. AgCI-KCI

: Surface tension {dyn cm™?1)

Investigations critically re-examined Mol % KCI 873K 913K
H KCl Temp. range . . 0 169 164
Ref. Mol % ) Cell material Calibration 10 148 148
234 | 0-100 (g) | 873,973 |Capillaries of Water 20 138 131
B.T.H.-C46 glass 30 131 124
- - 40 125 117
Comment: Surface tension values for pure KCl in reference [234] 50 190 112
were obtaired by extrapolation. Capillary calibration was performed 60 116 109
after each series of measurements. Reported uncertainty in results 70 114 106
was £1%. 80 113 104
90 111 103
100 109 102

3. Phys. Chem. Ref. Duta, Vol. 4, No. 4, 1975

These values have been interpolated to three significant figures
from the graphical presentation of Boardman, Palmer and Heymann

{maximum bubble pressure method)} 12341,
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AgCIl-PbC:
T T T T T T T T T
6001 AgCi-PbCl, |
g
L4
S
2 400
[
[-%
E
©
©
200} .
L | i | L | . 1 L
o] 20 40 60 80 100
AgCl PbCl,

Mot % PDCI2
Ficure 3. Temperature-composition phase diagram for AgCl-PbCl..

K. Treis, Neues Jahrb., Mineral,, Geol. Paleontol.,, ABH.
37, 766818 (1914). :

Melt Preparation and Purification

Harrap and Heymann [35] and Boardman et al. [26]
used analytical reagent grade salts and analyzed the mix-
tures by dissolving the soluble salte in hot water. Protsenko
and Shatskaya [131] prepared the chloride salts using
the nitrates and hydrochloric acid as starting materials.
The salts were dehydrated under vacuum at a temperature

of 160 °C.

Boardman et al. [234] used salts that were either of

A.R. purity or prepared from reagents of this purity and
recrystallized.

Tasie 105. Electrical conductance studies: AgCl-PbCl:

TasLE 106. AgCl-PbCla: Specific conductance (ohm™* cm™?)

Mol percent PbCl.
T 100.0 80.3 l . 59.8 40.2 13.8 0.0
640 1478
660 ‘ 1.595
680 1.317 1.708 2.662
700 1.428 1.817 2.765
720 1.535 1.923 2.863
740 1413 1.641 2,025 2.957 3.770
760 1519 1.743 2.124 3.046 3.846
780 1.469 1.623 1.843 2.219 3.131 3.010
800 1.572 1.724 1.941 2.310 3211 3.988
820 1.672 1.823 2.036 2.398 3.288 4.055
840 1.768 1.920 2.128 2.482 3.359 4118
860 1.062 2.015 2217 2.563 3.426 4177
880 1.952 2107 2.304 2.639 | 3.489 4234
900 2.039 2197 2.389 2.713 3.548 4.288
920 2.123 2.284 . 2470 2.7182 3.602 4.338
940 2204 2.369 2.848 3.651 4.385
960 2.282 2452 i 2.911 3.697 4.429
Temperature-dependent equations
k=a-+ bT + cT*
Stand.
Mol % PbCl. a b+ 103 ¢~ 10° error
of est.
0.0 —1.2873 9.7951 —4.0009 0.12%
13.8 —3.4571 12.7549 —5.5241 0.25%
40.2 —4.1630 11.7052 —4.5173 '0.29%
59.8 —3.9942 10.0327 —3.2676 0.36%
80.3 —4.1558 9.6828 —2.9161 0.23%
100.0 —5.0026 11.3675 ~3.9370 0.28%

These values are based on the work of Harrap and Heymann
(classical ac technique [351.

TasLe 107. Density studies: AgCl-PbCl:

Investigations eritically re-examined

Investigations critically re-examined

. PhCl Temp, range Cell brats
Rel. Mol 4720 e} material Calibration
Ref. PbQl. Temp. range Comments
Mol % (T) 26 0-100. °©  653-983 Silica glass | Molten AgNOs
35 | 0-100 625-973 | Cell material: B.T.H.-C14 Deviations from previous NSRDS recommendations: [1, p. 10]

: glass; Pu clectrudes; ficy. 1T Poct g
range: ~ 3000 Hz; calibra- Ref. Mol ,/72 Min. departure l Max. departure
tion: 1N KCl solution ¢

1o < 26 0 —082% (160K) | —1.0% (%00K)
60 | 0-
0 (g) Comment: Boardman [26] applied corrections for the shape of
131 0-100 (g) 593-773 | Calibration: molten KNOs the meniscus, buoyancy and expansion of the silica dilatometer.
218 | eutectic () 060-1180 1}1(:] g;:?mrs report a maximum error in their density valges of
Deviations from previous NSRDS recommendations: [1, pp. 10, 13] A two dimensional regression analysis was successfully applied to
PbClL ) the data of [26]. Density values for pure lead chloride in reference
Ref. | 2ol % Min. departure Max. departure [26] are those recommended in [1].
35 100 —0.24% (923K) —0.42% (873K) '
35 0 —24% (978K) ~26% (873K)

J. Phys. Chem. Ref. Dota, Vol. 4, No. 4, 1975
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Tapte 108, AgCl-PhCla: Density (g em™3)

Mol percent PbCl.

T 100 90 30 70 60 50 ©40 [ 30 20 10 Q 405
675 5.007 5.008
690 5.009 4.988 4.989
705 4.990 4970 4.946 4971
720 4.986 4.970 4.951 4.928 4.952
735 4.966 4.951 4932 4911 4.933
750 4946 4.931 4914 4.893 . 4.915
765 4.936 4.925 4.912 4.895 .4.875 4.853 4827 © 4.799 4.896
780 . 4915 4905 4892 | 4876 4.858 4836 4812 4785 4877
795 4.906 4.905 4.901 4.894 4.885 4.873 4.858 4.840 4.820 4797 4.772 4.859
810 4.885 4.884 4.880 4.873 4.865 4.853 4.839 4.823 4.804 4.782 4.758 4.840
825 4.863 4.862 4.859 4.853 4.844 4.834 4.821 4.8305 4.787 4.767 4744 4821
840 4,842 4.841 4.837 4.832 4.824 4.814 4.802 4.788 4.771 4.752 4.731 4.803
855 4,820 4.819 4.816 4.811 4.804 ! 4.795 4.783 4.770 4.755 4.737 4.717 4.784
870 4,799 4.798 4.795 4.790 4.784 4.775 4.765 4.752 4.738 4722 4704 4.765
885 4.777 4.777 4.774 4.770 4.763 4.756 4.746 4.735 4.722 4.707 4.690 | 4.747
900 4.756 4.755 4,753 4,749 2.743 4.736 4.727 4. 737 4.705 4.692 4677 | 4.728
915 4,734 4.734 4.732 4.728 4.723 4717 4.709 4.700 4.689 4.709
930 4,713 4712 4.710 4.707 4.703 4.697 4.690 4,682 4,673 4.691
945 ! 4.691 4.691 4689 | 4.686 4683 4.678 4.672 4.664 4.672
260 4.670 +  4.66% 4.668 4.650 4.652 4.647 4.652
o5 | 4648 | 4648 ]

Two-dimensional equation and statistical parameters
p=a-+ bT -+ cC? 4 dTC?

’ ‘ i Stand.

a b 108 ¢+ 10° d e 10° Max. percent departure error

: of est.

6.04622 —1.43371 ]‘ —5.58698 5.33057 —0.27% (789.2K, 0.08%

0 mol % AgCl) |
These values are based on the work of Boardman et al. (dilatometric method) [26]. C = mol % AgCl
TaBLe 109. AgCl-PbCl.: Density (g cm™3) TasLE 109. AgCl-PbCle: Density (g em™3)—Continued
Mol percent PbCl. Mol percent PbCl.

T 100 80.6 | 70.9 | 61.1 53.4 | 42.6 20.3 | 0 T 100 80.6 70.9 61.1 | 53.4 ] 42.6 | 203 4

660 ' 5.032 950 { 4.687 | 4.679 ' 4673 4677 4.667

670 5.020 960 | 4.672 | 4.664 4.654 ;

680 5.007 l 970 | 4.657 | 4.649 4.042

690 4995 980 | 4.642 J

’Zgg :ggg 4915 Temperaturefl-epe?d:;'l equations

720 4983 | 4971 | 4.957 | 4.904 P=e=

730 4.970 | 4.959 | 4.944 | 4.894 Mol % PbCl. a b+ 10°

740 4.956 | 4.946 | 4.932 | 4.883 3 5519 Yy

750 4957 | 4.943 | 4.933 | 4919 | 4872 20.3 5.682 _108

760 4.943 | 4.930 | 4.920 | 4.906 | 4.861 | 4.804 426 5.864 196

770 4929 4.916 | 4907 4.894§ 4.850 | 4.795 53.4 5.803 —128
780 4914 | 4903 | 4.895 | 4.881 | 4.840 | 4.786 611 5.048 , 134

790 | 4.927 4900 | 4.889 | 4.882 | 4.869 | 4.829 | 4.776 70.9 6022 { 142

800 | 4912 . 4.896 | 4.886 | 4.876 | 4.869 | 4.856 | 4.818 | 4.767 80.6 6.056 145

810| 4.897 | 4.882 | 4872, 4.863 | 4.856 | 4.843 | 4.807 | 4757 100 6.112 J —150

820 | 4.882 | 4.867 | 4.858 | 4.849 ' 4.843 | 4.831 : 4.796 | 4.748 -

830 | 4.867 | 4.852 | 4.843 | 4.836 | 4.831 | 4.818 | 4.786 | 4.739 Th'cse values are hased on the work of Boardman et al. (dilato-

840 | 4.352 | 4.838 | 4.820 | 4.822 | 4.818 | 4.806 | 4.775 | 4729 ~ ™metric method) [26].

8501 4.837 | 4.824 : 4.815 | 4.809 4-.805: 4793 | 4.764 | 4.720

860! 4.822 | 4.809 | 4.801 | 4.796 | 4.792 | 4.780 | 4.753 | 4.710 ‘ . . .

8701 4.807 | 4795 | 4787 | 4.782 | 4.779 | 4.768 | 4.742 | 4.701 Tanes 110. Viocoslty stadics: AsCHTLCR

880 | 4.792 | 4.780 | 4.772 | 4.769 | 4.767 | 4.755 | 4.732 | 4.692 Investigations critically re-examined

890 | 4.777 | 4.766 | 4.758 | 4.755 | 4.754 | 4.743 | 4.721 ! 4.682 l PbCl. | Temp. rance

900 | 4.762 | 4.751 | 4.744 | 4.742 | 4741 | 4.730 | 4.710 | 4.673 Ref. | Mol % 7y "¥°|  Cell material Calibration

910 | 4.747 | 4.737 | 4.730 | 4.729 | 4.728 | 4717 | 4.699

920 | 4732 | 4722 | 4716 | 4715 | 4715 | 4705 | 4.688 35 | 0-100 | 623-973 | BTH.Clé glass | Molien KNO,

930 | 4.717 4708 | 4.701 4702 | 4.703 | 4.692 | 4.678 Comment: Viscosity values for pure silver and lead chloride in

940 4.702 | 4.693 | 4.687 | 4688 ' 4.690| 4.680 ! (35] are those recommended in {1].
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Tasie 111, AgCl-PbCly: Viscosity (cp)

Mol percent PbCl;
T 100.0 82.6 62.0 39.2 198 0.0
640 ’ 5.77
660 5.14
680 4.58 345
700 4.10 3.20
720 3.69 2.98
740 4.16 3.34 2.77 224
760 3.72 3.05 2.58 213
780 4.41 3.98 3.34 2.80 241 2,03
800 3.98 3.60 3.03 2.60 2.26 194
820 3.60 3.26 2.77 2.44 2,12 1.85
840 3.25 2.96 2.56 2.31 2.00 1.78
860 2.94 2.71 2.39 2.20 1.90 1.70
880 2.67 249 2.26 211 1.82 1.64
900 1244 2,32 2.14 2,03 1.75 1.58
920 224 ©218 2.05 1.95 170 1.53
940 2.07 2.08 1.96 187 167 1.48
960 1.94 2.01 1.87 1.79 1.65 1.43
Temperature-dependent equations
n—a - BT 4 cT? 4 4T3
n==A *exp (E/RT)
E Stand.
Mol % PbCl. a b + 102 ¢+ 10° d - 10° A+10 (cal mol-Y) :fr:;g:.
0.0 3.128 2897 ) 0.85%
19.8 25.4141 —5.4678 3.7119 —6.1965 0.44%
39.2 108.1142 —34.0837 36.8787 —134.5024 3.34%
62.0 142.2340 —43.8257 46.0808 —163.1201 1.87%
826 . 64.3575 —14.8354 10.8596 —22.6128 . 1.18%
100.0 55.5502 —11.4857 7.0618 —9,5258 0.44%
These values are based on the work of Harrap and Heymann (capillary method) [35).
TaBLE 112. Surface tension studies: AgCl-PbCl,
Investigations critically re-examined
PhCl. Temp. range
Ref. Mol % . (1)
234 0-100 (g) 773, 873
- — — AgCI-TiCI
Comment: A brief discussion of reference [234] is given under
the system AgCl-KCl. T T T T T T T T T
- 600 AgCI-TICI ]
TasLe 113. AgCl-PbCl:: Surface tension (dyn cm™?) g
Mol % PbCl. 713K 873K 5 X 1
(=]
0 175 171 ; 400 b..\‘\ -
10 166 161 g
20 150 153 8 i i
30 154 146 *r—x—x————x
40 149 141 200} = x = -
50 146 137 :
60 143 134 . ] L ] : ; [
70 141 132 0 20 40 60 80 100
80 139 130 AgCl i1
%0 138 128 Mol % TICI
100 137 127

These values have been interpolated to three significant figures
from the graphical presentation of Boardman, Palmer and Heymann
(maximum bubble pressure method) [234].

Ficure 4. Temperature-composition phase diagram for AgCl-TICL.

Carlo Sandonnini, Gazz. Chim. Ital, 44, I, 290-386
(1914).
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Melt Preparation and Purification

Protsenko and Shatskaya [131] prepared the chloride
salts from the corresponding nitrates and hydrochloric
acid. They were dried under vacuum at a pressure of 5
torr and at a temperature of 160 °C.

TasLe 114. Electrical conductance studies: AgCl-TIC1

Investigations critically re-examined

TICI Temp. range
Ref. | Mol % (1)

12 | 0,15.3, 30, Cell material: silica and quartz

50, 70, U-tubes; P1 elecirodes; calibratjon:
100 IN Kl solution

Comments

773-973

131 | 0-100 (g) 517-773 | Pt electrodes; calibration:
‘ molten KNOs
Deviations from previous NSRDS recommendations: [1, pp. 10, 121
Ref. M’I‘;IIC}% | Min. departure Max. departure
12 100 —9.64% (773 K)
12 0 —8.52% (7713 K)

TaBLe 115. AgCL-TICI: Specific conductance {(ohm~! ¢cm™1)

Mol percent TICI

T 100.00 | 70.00 | 50.00 | 30.00 [ 15.30 0.00
773.2 1.215 1.470 1711 2260 | 2.925 3.653
873.2 1.702
973.2 1951

Comment: Due to limited data the experimental values are given.
These values are based on the work of Sandonnini (classical ac
technique) [12].

AlCl:-BiCls
250 1 T L T
AlCI5-BiCls
i 7/ N\ ‘
& 200}
QO
.
2
<
-
&
Q
§ 1s0 122
Q e e -
}_
100 L ' et
0 20 40 60 80 100
AlCly BiCls

Mol % BiCls

Ficure 5. Temperature-composition phase diagram for AlCk-BiCls.

B. J. Korshurov, N. 1. Kaloev, L.A, Niselson and O. R.
Cavrilov, Zh. Ncorg. Khim., 13, 1956 (1968).
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Melt Preparation and Purification

The aluminum chloride [90] was prepared from high
purity aluminum metal and hydrogen chloride gas. The
latter was produced by allowing NaCl to react with Ha304,
after which the gas was then deoxidized by passage over
copper at 350 °C and dehydrated over Mg(ClO4)s. The
aluminum metal was placed in a pure AlOz boat in a
quartz tube at a temperature slightly above its melting
point of 660 °C. The vaporized aluminum chloride was
passed through a sintered disk prior to condensation.

The bismuth chloride was formed from the reaction of
zone-refined, 99.9999% bismuth metal with chlorine gas
followed by several distillations.

TasLe 116. Density studies: AlCl—BiCls

Investigations critically re-examined

Ref. I\]'?;IC]‘% Temp. range Cell material Calibration*
20 | 0,10, 65, 140 752 Quartz float Water
80, 100 ;
Deviations from previous NSRDS recommendations: 1, pp. 11, 13}
. T

Ref. l\?élCl% l Min. departure : Max. departure
90 100 0.14% (700 X) 0.21% (740 K)
90 0 2.2% (490 K) 36% (480 K)

*The float method [90] involves measuring the temperature at
which quartz floats of known density neither fall nor rise in the
liquid under study. Platinum wire was sealed into floats for cases
where the liquid density was greater than that of quartz. Boston
reported that the standard deviations for the least squares fit varied
from 0.8 X 1073 g cm™3 to 3.8 X 1073 g cm™® for 0.0 and 35.0
mol % AICls, respectively.

TanLe 117. AlClL-BiCls: Density (g em™3)
Mol percent BiCls

T 100.0 80.0 65.0 200 | 00
459 2.499

460 2484

470 3.090 2.470

480 3.444 3.073 2.456 1.253
490 | 342 3.056 2.441 1.229
500 | 3.406 3.039 2.427

510 : 3.387 3.022 2.413

520 3.368 3.005 2.398

530 3.349 3.988 2.384

540 3.330 2971 2.370

550 3.311 2.954 2.356

560 2.936

570 2919

580 2.902

590 2.885

600 2.868

610 2.851

620 2.83¢

630 2.817

640 2.800

650 2783

660 ] 2.765

670 2.748

680 -

60 | 3491




'PROPERTIES OF CHLORIDES AND MIXTURES

TasLk 117, AICL-BiCls: Density (g cm™3) —Continued

Mol percent BiCly

T 100.0 80.0 65.0 40.0 0.0
700 3.468
710 3.445
720 3.423
730 3.400
- 740 3.378
750 3.355
Temperature.dependent equations
p=a+bT

Mol % BiCls a b« 10°

0.0 2371 —2.33

40.0 3.142 ~1.43

65.0 3.894 —1.71

80.0 4.356 —1.90

100.0 5.050 —2.26

These values are based on the work of Boston (flotation method)

[90].

AlCk-KCI
T T T T T T T T T
800l AlCls~KC|
[
g
=~ 600}
©
3
=) L
8';
£
4001
i
B 257 N
X% x
200 o 59‘7 ; ]
X—Mn&gs i
= 33 E
s l L 1 L l L . !
o 20 40 60 80 i00
;’-‘«ICI5 . KCI
Mol % KCI

Ficure 6. Temperature-composition phase diagram for AICL-KCI.

V. 1. Shvartsman, Zapiski Inst. Khim. Akad. Nauk
U.S.S.R, 7, [1], 3-9 (1940).

Melt Preparation and Purification

Moss [112] used CP reagent grade potassium chloride
which was dried by fusion before use; the preparation of
aluminum chloride is described under the AICl;-LiCl
system. ) )

Morrey and Carter [92] used Baker and Adamson
“special reagent grade” and CP “reagent anhydrous
grade” for KCl and AlCl;, respectively. The KCI was dried
by passing first chlorine then dry argon through the melt,
after which it was stored in a drybox prior to use. The
AlCl; was sublimed at about 170 °C under a pressure of
about 15 mm of dry argon. The AlCI;-KCl mixtures when

‘melted often produced a black, carbonaceous precipitate
which was thought to result from the decomposition of

917

organi¢c impurities. However, clear solutions were obtained
after digesting the precipitate at 500 °C followed by filtra-

.tion through a fine quartz frit.

Yamaguti and Sisido’s [42] purification of AlCls is
described for the AICI,-LiCl system.

Dye and Gruen [134] prepared their AlCl; from analyti-
cal grade aluminum wire and dry hydrogen chloride gas.
In order to avoid traces of moisture their quartz reaction
vessel was outgassed at 600 °C under a pressure of less
than 10-° mm for several hours.

The preparation of pure AlCl; described by Boston
et al. [175] is discussed under the system AlCl3-BiCls.
Reagent grade KCl was purified by bubbling first HCI and

then argon gas through the melt, followed by filtration of

the molten salt through a pyrex fritted disk. The AlCl;-KCl
mixtures were prepared by weighing the salts into conduc-
tivity cells in a dry box under high purity argon.

TasLe 118. Electrical conductance studies: AlCL-KCl

Investigations critically re-examined

¢ KCl Temp. range
Ref. Mol % (1) Comments
27 [51.7, 60.7 773-1073 | Cell suaterial: quariz; Pt
63.8 (g) electrodes; calibration: molten
KNO; and NaNO,

42 [19.4-49.3 468-578 Cell material: glass; Pt
electrodes; freq: 8000 Hz;
calibration: 1N KCI selution

102 {53-65 (g) 973 Cell material: quartz; Pt
electrodés; calibration: molten
KNO; and NaNO;

112 | 25,30, 35, 40| 448-498 Cell material: silica; Pt

o electrodes
115 | 29.2, 31.2 410~-550 Cell material: Pyrex; freq.
321,371 range: ~600-900 Hz; calibra-

tion: 1N KCl solution

175%| 20-87 (g) 453-1353 | Cell material: quartz; W
electrodes; calibration:
redistilled Hg and standard
KCl solutions; freq. range:
1000-5000 Hz

“Boston et al. [175] used a conductivity cell designed for meas-
urements involving very volatile melts. The tungsten electrodes were
found to be inert to AlCL-KCl mixtures even at temperatures of
1000 °C. In the case of one mixture (70 mole % AlClL), an external
pressure was applied to the conductivity cell to prevent cell rupture.

J. Phys. Chem. Ref. Data, Vol. 4, No. 4; 1975



918

JANZ ET AL

TasLe 119. AICL-KCl: Specific conductance (ohm™ e¢m™)

TasLe 121. Density studies: A1CL-KCl

Mol percent KCl

Investigations critically re-examined

T | 4935 39.45 30.75 28.80 | 19.75 19.4 Ref MK1C}7 Temp. range Comments
ol %
470 0.1544 0.1056 0.1044
480 0.2122 0.1746 0.1660 0.1123 0.1111 27 125,51.8 773-1073 | Cell material: glass dilalltome-
490 02276 | 0187 | 01775 | 01191 | 0.1180 64.9, 100 ter; calibration: eutectic
500 0.2430 | 01988 | 0.1889 | 01258 | 0.1249 mixture of KCl and LiCl
510 0.2584 0.2110 0.2002 0.1325 0.1320 42 50 532-623 Cell material: glass dilatometer
520 0.2738 0.2234 0.2114 0.1393 0.1391
530 0.3623 0.2892 0.2358 0.2225 0.1460 0.1464 92 120.0, 33.3, 461-1051 | Cell material: quartz float;
540 0.3842 0.3046 0.2483 0.2335 0.1527 0.1538 50.3, 66.7 calibration: water
550 0.4061 3 .260 0.159! 0.1613 R B
560 | 0.4280 g 2?;2 33532 0 166; 112 |25, 30, 35,40 | 448-498 Cell material: glass dilatome-
570 | 0.4499 0.2864 ter; calibration: purified Hg
Temperature-dependent equations 134 140.6, 50.0 513
k=a+bT +cI? 188 |33-42 423-558 | Cell material: Pt oval vessel
. Stand. and Pt suspension wire, melt
Mol % KC1 a b+ 108 ¢+ 108 error contained in Pyrex cylinder;
of est. calibration: water
19.4 —0.0842 0.1364 0.5637 0.50%
19.75 —0.2107 0.6730 0 0.74%
28.80 —0.4986 1.6155 —0.4000 0.21% A . —g
3075 —02948 | 07560 | 0.4625 0.52% Tapre 122. AlCIKCI: Density (g em™)
39.45 ~—0.5271 1.5402 0 1.18% Mol percent KCl
49.35 —0.7979 2.1891 0 0.74% T 66.66 50.03 33.33 50.00
! s D 0
‘These values are based on the work of Yamaguti and Sisido (clas- 450 : 1.543
sical ac technique) [42]. The values in table 120, which cover a =00 1504 1'523
wider temperature and composition range, have been interpolated to 90 1'578 1'503
three significant figures from the graphical presentation of Boston 540 1.562 1.483
et al. [175]. ;60 Loa7 .
580 1.531
Tasre 120. AICL-KCl: Specific conductance (ohm™ em™*) ggo 12;5
0 499
Mol % KCl| 873K 973K 1073K | 1173K 1273K 640 1.483
0 <01 660 1.468
10 0.23 ggg igﬁl
20 043 436
30 0.63 720 1.420
40 0.83 0.87 0.93 740 1.466 1.404
50 0.93 1.00 1.08 113 117 760 1452 1.389
60 0.78 091 | . 097 107 113 780 1.439 1.373
70 0.82 0.95 1.05 115 1.23 800 1.426
80 0.95 113 125 137 1.46 820 1413
% | 12 143 1.64 175 225 840 1.399
100 .| 173 1.94 2.24 243 267 860 1.386
880 .
These values have been interpolated to a maximum of three sig- 900 %g’ég
nificant figures from the graphical presentation of Boston et al. 020 1‘3 16
(classical ac technique) [175]. 040 1'333
960 1.388 1.320
980 1.376 1.307
1000 1.363 1.293
1020 1.351 1.280
1040 1.33a 1.267
Temperature-dependent equations
p=a-+bT
; Stand.
Mol % KCl1 a i b 10° error
! of est.
20.00 20252 | —1.0038 0.11%
33.33 19889 . —0.7901 0.14%
50.03 19556 —0.6622 0.05%
66.66 1973¢ | —0.6101 0.02%

These values are based on the work of Carter and Morrey (flota-
tion method) [92].
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AICIs-LiCl
T T T T T T T T
- AICIS‘LiCl .
300}~ -1
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o
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Mol % LiCl

Ficure 7. Temperature-composition phase diagram for AICL-LiCl.

J. Kendal, E. D. Crittenden. and H. XK. Miller, . Amer.
Chem. Soc., 45, 963 (1923).

Melt Preparation and Purification

Moss [112] used C.P. reagent grade lithium chloride
and Fisher “Certified Reagent” aluminum chloride as
starting materials. The LiCl was dried by fusion and
subsequently ground to a fine powder in a dry box. The
AlCl; was distilled from a mixture of AlCl; and NaCl,
after which it was stored in a dry box.

Yamaguti and Sisido [42] purified their aluminum
chioride by heating a mixture of AlCl;, NaCl and alumi-
num powder first to 100 °C to remove moisture and then
to higher temperatures to sublime the AlCl;. Cool dry air
‘was introduced through CaCl, and P.O; to the sublimed
vapor, and the anhydrous AICl; was collected as a white
powder,

TaBLE 123. Electrical conductance studies: A1CL-LiCl

Investigations critically re-examined

Tasie 124. AlICL-LiCl: Specific conductance (ohm~! em™1)

Mol pereent LiCl

T 45.0 | 40.0 35.0 30.0 25.0°

482 0.271 0.220 0.173 0.132 0.103
4732 0.317 0.258 0.203 0.153 0.118
498.2 0.362 0.296 0.230 0.174 0.133

These values are based on the work of Moss (classical ac tech-
nique) [112]. Due to limited data, experimental results are given.

Tapre 125, Dcnsity studies: AlCl-LiCl

Investigations critically re-examined

LiCl Temp. range
Ref. Mol % (7 Comments
42 50 523-623 Cell material: glass

dilatometer

1121 25,30, 35,40, 448-498 Cell material: glass
45 dilatometer; calibration:
purified mercury

TasLE 126. AlICl-LiCl: Density (g cm™3)

Mol percent LiCl
T 45.0 40.0 - 35.0 30.0 25.0
450 1.617 1.614 1.611 1.609 1.599
455 1.613 1.610 1.606 1.605 1.595
460 1.610 1.606 1.602 1.600 1.591
465 1.607 1.602 1.598 1.596 1.587
470 1.603 1.598 1594 |- 1.591 1.583
475 1.600 1.594 1.590 1.587 1579
480 1.596 1.590 1.585 1.582 1.575
485 1.593 1.586 1.581 1.578 L1571
490 1.590 1.582 1.577 1.573 1.567
495 1.586 1578 1.573 1.569 1.563
Temperature-dependent equations
p—=a- bT

Stand.

Mol % LiCl [ be10° error

of est.

25.0 1.9589 —0.8000 0.04%

30.0 2.0142 —0.9000 0.02%

35.0 1.9885 —0.8400 0.00%

400 1.9742 —(.7999 0.07%

45.0 1.9228 —0.6800 0.00%

. LiCl Temp. range
Ref. Mol % ey Comments
42 50 523 Cell material: glass; Pt

electrodes; freq. range:
~8000 Hz; calibration: 1N
KCl solution

102 | 67-95 (g) 973 Cell material: quartz; Pt

) electrodes; calibration: molten

KNOs and NaNOQOs

112 | 25, 30, 35, 40,1 448-498 Cell material: silica; Pt

45 electrodes

These values are based on the work of Moss (pycnometric
method) [112].
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AICl:-NaCl
800

AICI; — NaCl

500

400

Temperature (°C)

200

20 40 60 - 80 100
NaCl AICI,

Mol % AICl,

Ficure 8. Temperature.composition phace diagram for AI1CL-NaCl.

V. L. Shvartsman, Zapysky Instytutu Khimiyi U.S.S.R.,
Vol. 7:1 1940; abbreviated version: Zh. Fiz. Khim., Vol.
14:253, 1940, :

Melt Preparation and Purification

Kryagova [16, 32, 45, 157] prepared AlCl; by two
methods: (a) distillation of impure technical AICl;, and
{b) chlorination of metallic aluminum shavings. Industrial
grade AlCl; was placed in a test tube containing Al filings,
sealed and heated to about 5-10 °C above the fusion
temperature. The test tube was shaken gently and kept at
200 °C for several hours, after which any iron impurities
present settled to the bottoms of the tube. With the test
tube partially removed from the furnace, the snow-white
crystals of AICl; condensed on the cold surface. Multiple
distillations were sometimes necessary to remove final
traces of iron. The second method involved reacting Al
shavings or powder with a dry stream of Cly or HCl gas
at 650-700 °C. The yellow powder obtained was purified
by the distillation method described above.

Plotnikov [51] used pure, commercial materials and
purification involved recrystallization of the NaCl and
sublimation of AlCl; over hot Al filings in an atmosphere
of CO.. Qualitative analysis showed the absence of Ca,
Mn, Fe and sulfates.

Boston [110] used reagent grade sodium chloride
which was purified by passing first argon then anhydrous
HCI through the melt at 300 °C in a quartz apparatus. The
salt was then filtered through a fine fritted disk into
narrow glass tubes which were later sealed off under
vacuum. Boston’s [110] preparation of AICI; is given
under the AICl3-BiCl; system.

Moss [112] used CP reagent grade NaCl which was

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

dried by fusion and stored in a dry box. The preparation
of AlCly for references [112], [42] and [50] is given
under the AlCl;-LiCl system.

Howie and Macmillan [164] used analytical grade NaCl
which was oven dried at 550 °C for 6 hours and stored in
a desiccator, Commercial grade AlCl; was sublimed. -

Yamaguchi and Sisido [50] mixed pulverized AlCl3
with 5% NaCl and Al powder. After drying at 100 °C the
mixture was strongly heated and the sublimed vapor was
cooled with dry air. Some impurities remained after
sublimation since the molten AlCl;-NaCl appeared grayish
in color.

TasLe 127. Electrical conductance studies: AICI-NaCl

Investigations critically re-examined

NaCl Temp. range
Ref. Mol % 1) Comments
16 {0, 32.6-49.7 463-543 Cell material: Mo glass; Pt
electrodes; calibration: 1N
KClI and K1 solutions and
molten KNO;
50 |18.9-50.0 418-545 Cell material: glass tube; Pt
electrodes; freq. range: 8000
Hz; calibration: 1IN KC1
solutions
51 |0, 30.4,41.8 397-573
112 [20.0 -47.5 4484198 Cecll matcrial: silica glass; Pt
electrodes
115 129.9-47.7 401-475 Cell material: Pyrex glass;
: freq. range 600-900 Hz;
calibration: IN KCl solutions
164 [28.7-49.4 428-468 Cell material: Pyrex glass; Pt
electrodes; calibration: 1N
Kl solutions
Comparison with NSRDS recommendations [this volume]
Ref. | NaCl Mol % Min. departure Max, departure
112 30.9 13.7% (498 K)
115 30.9 —11.5% {465K) —13.3% (443K)
164 30.9 — 43% (443K) — 9.4% (453K)
164 422 — 0.65% (459K)
164 492 — 6.1% (463K)

Comment: Yamaguti and Sisido [50] reported an error of less
than 1% for their conductance measurements. Howie and MacMillan
[164] gave +1% f{for reproducibility of results. In the latter refer-
ence the apparatus was designed to both minimize evaporation of
AlCls and also allow for slight losses when changes in melt composi-
tion were desired.
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Tasie 128. AlCL:-NaCl: Specific conductance (ohm~! cm™1) : Comment: The higher results of Yamaguti [42] and Kryagova
: {1571 compared. to Boston's [110] data could be explained by loss
Mol percent NaCl of AIClL; either through vaporization or by reaction with adsorbed
T 500 | 49.2 42.2 310 | 309 19.4 18.9 water. The recently reported data by King et al. [317] covers the
420 0.160 composition range of 50~75 mol % AICL from the melting p.oints
430 0.167 -up to 620 K. The results are reported in the form of an empirical
440 : 0.176 equation which expresses the density as a function of composition
450 0186 | 0.197 and temperature with an overall standard deviation of. +0.003 g
460 | 0462 | 0453 | 0300 | 0197 | oo11 c¢m™~3, For the relatively narrow temperature and composition ranges
470 | 0490 | 0477 | 0320 0208 ; 0224 where comparisons are possible, it was found that Boston’s \.'alues
180 | 0517 | 0501 | 0.318 | 0201 | 0238 | o121 | 0.110 were generally greater (2.2 to 3.6%), while those of Midorikawa
490 | 0544 | 0525 | 0368 | 0234 ; 0252 | 0.127 | 0.126 [188] were somewhat less (0.2 t0 —1.0%).
500 |. 0.572 0.549 | 0.387 | 0.249 [ 0133 | 0.132
510 | 0599 | 0.573 | 0.406 | 0.264 | 0.140 | 0.139
520 | 0626 | 0598 | 0.426 ;
530 0.654 { 0.622 0.445 i
|
Sm.&il 0645 | 0465 i TasLE 130. AICL-NaCl: Density (g em™2)
Temperature-dependent equations
) x=a- bT + cT? Mol percent NaCl
T 48.0 38.2 270 0.0
Comp. . be10° | c-10° S ' .
Mol. % NaCl of est. 400 1.733
410 1.724
18.9 —0.2067 - 0.6780 i} 0.63% 420 1.716
194 —0.1839 0.6342 0 0.87% 430 1.708
30.9 —0.4258 1.3836 0 0.69% 440 1.699 1.653
31.0 0.6993 —3.3027 4.8037 2.07% 450 1.691 1.644
422 —0.5852 1.9443 v V9% 460 1.682 1635 1.588
492 —06548 = 2.4082 0 1.329% 470 1674 1627 | 1579
500 —0.7966  2.7366 0 052% 480 1.666 1618 1570 1.252
These values are based on the work of Sisido and Yamaguti 490 1657 1.609 1.561 1.229
(classical ac technique) [50]. 500 1.649 1.601 1.551
) 510 1.641 1.592 1.542
TaBLE 129. Density studies: AlCl-NaCl . 520 L.632 1.583 1.533
530 1.624 1.575 1.524..
Invesligativns critically re-examined 540 L1615 1.566 1.515
550 1.607 1.505
Ret. L?&C‘;’o Tem?fgange Comments . 560 1.598 1496
16 [ 40.6,497 | 463-543 | Cell material: Mo glass g;g a i-f;;
dilatometer; calibration: . g
purified mercury 590 1.469
_ 600 1.459
. 4250 455620 Cell material: glass 610 1.450
dilatometer :
Temperature-dependent equations
110 | ¢, 27,38.2,48] 397-610 Cell material: quartz float; p=a+bT

calibration: water

] ' Stand.
ol . 3
112 | 20.0-47.5 448498 | Cell material: glass Mol % NaCl a b+ 10 deviation
dilatometer; calibration:

X 0.0 2.371 —2.330 0.0017

, purified mercury 270 2011 —0.920 0.0011

157 | 0, 32.6-49.8 463-553 Cell material: Mo glass 382 2.034 —0.866 0.0007
' dilatometer; ralibration: 480 2.068 —0R38 } Q.0008

purified mercury These values are based on the work of Boston (flotation method)
188 | 37-50 423-558 Cell material: Pt bob with Pt [110). :

suspension wire, Pyrex
sample container; calibration:
water

3174 25-50 360-620

Comparison with NSRDS recommendations [1, p. 11
and this volume]

TasLe 131. Viscosity studies: AlCL-NaCl

NaCl ] . Investigations critically re-examined -
8 | 3
Ref. Mol % Min. departure Max. departure Ret. NaCl Mol % _ Temp. range (T)
157 48 1.7% (473 K) 2.7% (533 K) 32 34.5-49.8 473-573
11];; g ;‘2% (490112) 3'2% (4805 ) Comment: Kryagova {32] calib;ated_his viscoraeter with water at
8% {550 K) 6.6% (480K} 20°C .and also with several alkali nitrates, The viscometer was
“*This investigation has recently been reported as a private sealed to prevent adsorption of moisture and the loss of volatile
communication.

components.
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Tasre 132, AlCI-NaCl: Viscosity (cp)

Mol percent NaCl

a0 10.3 : 49.2 36 | 406 301 348 245
480 265 [244] (237] [2.44] ; 28 2.96 3.11
490 2.47 [2.263 [2.21] [2.271 [ 2.65 2.7 2.89
500 2.32 {2.11] [2.06] [2.11] { 2.47 2.60 2.70 [2.82]
310 217 ' [1.97] [1.921 [1.96} 2.31 245 2.53 {2.63}1
520 2.04 {1.85] [1.79} [1.83]) 217 2.31 - 238 [2.46)
530 1.93 | (1.741 [1.67) [1.71] 2.04 2.18 2.24 : T2.31)
540 1.82 j {2.64] [1.57) [1.61] 193 207 - , 2.11 [2.18]
550 1.72 { 1.82 1.96 ! 2,00 [2.06]
560 . 163 | 173 187 | 1.89 [1.96]
570 155 Jl 1.64 1.78 | 1.80 [1.871
Temperature-dependent equations
n=a+ bT + cT? | dI?
n=A * exp (E/RT}
E Stand.
Mol % NaCl a 5.0t Ces 104 d - 107 4102 Ccal ol rvor
345 [65.0389] [—2.8254] {4.2285] [—21333] | 0.00%
34.8 . :' 9.684 3308 i 0.55%
39.1 i 1L804 3073 I 0379
2056 : : 8639 3382 i 052%
43.6 [—15.7630] [1.6688} [--4.2227] [3.2000] . 0.00%
48.2 [—31.2541] [2.5481] | [—5.8970] 14.2667]1 ) i 0.00%
49.3 {95.3197} ) [—5.0765] j [8.0312] [-5.3333] 8,903 3227 00{)%
49.8 | " N 0.26%
These values are based on the work of Kryagova (capillary method) [32].
AIC'S‘NHJCi Melt Prepuruﬁén and Purification
400 ., Ve iy s .
L DL Yamaguti and Sisido’s [42] preparation of AlCly
AICL-NH,CI described under the AlCl;-LiCl system. .
—~ 300} — T, . .
S 'aBLE 133. Electrical conductance studies: AICL-NH,C]
e
° Investigations critically re-examined
3 NH.Cl | Temp, range
° . = Ref. Mol‘ % emFT;an ge Comments
@ .
2 42} 202,29.1, 467-582 | Cell material: glass; Pt
g \\\ 42.9, 50.1 . electrodes; freg. range: 800!
200 NN ] . . Hz; calibration: 1N KCl
\} | solution
= : e
A ) j | ! 1 ; i
0 20 40 60 80 100
AIGI3 NH4C|
Mol % NH4CI

Frcure 9. Temperature-composition phase diagram for AICL-NH.CL

J. Kendall, E. D. Crittenden and H. K. Miller, J. Amer.
Chem. Soc., 45, 963 (1923).



PROPERTIES OF CHLORIDES AND‘ MIXTURES 923
Tasre 134. AICL-NH.(Cl: Specific conductance (ohm™* cm™?) AlCL-RbCI
Mol percent NH,Cl 500 - T — T - r T
T 50.10 42.90 129.10 20.25 i
- 470 0163 0312 A IC ‘3_ Rbc‘
480 0.176 0.120 400} 7 i
490 0.189 0.128 '.’
500 0.201 0.136 6 | ' ! i
510 0.214 0.144 o ™~ ]
520 0.226 0.152 300+ . _
530 0.239 0.161 g
540 ! 0.348 0.251 0.169 5 B 4
550 0.368 0.264 0177 5 ,
560 : 0.387 0.277 0.185 a 200+ _’_ -
570 0471 0.289 £
580 0.501 X - - -
'i"emperamre.depondent equations . |
k=g bT 100~
- [ Stand. | <
Mol % NH.(CI | - a b+ 10° ! error
) i of est. o \ R 4 N
20.25 —0.2700 0.8123 0.94% 0 20 40 60 80 100
29.10 —0.4281 1.2583 0.99% AlCl3 ° RbCl
42,90 —0.6040 1.9304 0.78% Mot % RbCl
5010 —1.2669 3.04R6 0.34% Ficure 10. Tcmperaturc-composition phace diagram for AlCL-Rbt1.

“These values are based on the work of Yamaguti and Sisido

G. Boef, H. B. Slot, R. A. W. Leenwen, H. Wesels and
(classical ac technique) [42].

'J. W. van Spronson, Z. enorg. aligem. Chem., 353, 93
(1967).

Melt Preparation and Purification

Tasie 135. Density studies: AlCl-NH.CI Moss [112] used CP reagent grade rubidium chloride

which was dried in a mufile furnace and then stored in

Investigations critically re-examined

Ref. IIJIHI‘CI Temp. range Comment a dry box.-His preparation of AICl; is described under
ol % the AICl3-LiCl system.
42 50 556627 Cell material: glass
dilatometer

TapLe 137. Electrical conductance studies: A]Cla-RbCl

Investigations critically re-examined

RbCl Temp. range
Ref. Mol % (T Comments
112 25, 30 448-498 | Cell material: silica; Pt
TasLe 136. AlCL-NH.Cl: Density (g cm™3) electrodes

Mol percent NH,Cl

T 50.0 Tasie 138. AICL-RbCl: Specific conductance (ohm™ em™1)
556.2 1.470 Mol percent RbCl
557.2 1475
5842 1445 T 300 ﬁ 25.0
588.2 1.440 4482 0.098 { 0.090
597.2 1.425 4733 0.121 ‘ 0.108
627.2 1.420 498.2 0.146 L 0.128

These values are based on the work of Yamaguti and Sisido

(dilatometric method) [42]. Due to limited data, the experimental
‘results are given.

These values are based on the work of Moss (classical ac tech-

nique) [132]. Due to limited data, the experimental results are
given.

TaBLE 139. Density studies: AlCl-RbCl

Investigations critically re-examined

Ref. :&3(;5 Tem??;ange Cell material Calibration
112]25.0,30.0) 448-498 Glass dilatometer | Purified mercury

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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Tasie 140. AICL-RbCl: Density (g em™2)

TasLE 141. Electrical conductance studies: BaCl.-CaCl.

Mol percent RbCl

Investigations critically re-examined

T - 300 25.0

450 1.822 1.798
455 1.817 1.793
460 1.812 1.788
465 1.807 1.783
470 1.802 1.778
475 - L798 1.773
480 1.793 1.768
485 1.788 1.763
490 ) 1.783 1.758
495. 1778 1.753
Temperature-dependent equations
p=a+bT

Stand.

Mol % RbCI a b+ 108 error

] of est.

25.0 2.2482 —1.00 0.00%

30.0 2.2536 —0.96 - 0.03%

These values are based on the work of Moss (dilatometric
method) [112].

' BaCl-CaCl:

1000———— | , ;
BaCl, - CaCl, o154 s
[8)
K
@ 8001 ]
2
o]
e
Q
g | i
e
@
Pt
600 7]
I I | {
o} 20 40 60 80 100
CaCly , o BaCl,
Mol % BaCl,
Ficurg 11. Temperature-composition phase diagram for BaCls-

CaC];».

P. D. Budinkov, PL. Volodin and S. G. Tresvyatskii,
Ukraine. Khim. Zhur., 22, 293 (1956).

Melt Preparation and Purification

Lantratov and Moiseeva [74] used chemically pure grade
barium and calcium chlorides. To remove traces of oxides
and water, BaCl; was heated in a current of dry HCI at
500-800 °C. Calcium chloride was purified by passing
HCI gas through the melt for several hours.

Alabyshev and Kulakovskaya [20] used chemically
“anhydrous” salt and purified them by an unspecified
method.

Lantratov [229] used c.p. grade BaCl, and CaCl,
which were dried and fused under a flow of HClI - gas
(30-60 minutes). The salts were desiccated until used.

4. Phys, Chem. Ref. Data, Vol. 4, Ne. 4, 1975

: CaCl:
Ref. | Mol'o

20 75

Temp. range
) t
(1) Comments

921,939,979 | Cell material: quartz; freq.
range: 1000 Hz; calibration:

30% H.SO, solution

74 |60, 75,875 932-1073 | Cell material: quartz; Pt
electrodes; freq. range: 1000~
3000 Hz; calibration: molten
KNOS, NaNO; and NaCl
120 0-100 973-1573 | Cell material: quartz; freq.

range: 500-20,000 Hz:
calibration: KCI solutions

Comparison with NSRDS recommendations
[3, p. 7, and this volume]

Ref. 1&;‘ lCl% Min. departure Max. depgrture
120 100 94% (1173 K) 10.8% (1223 K)

74 60 0.0% (1023 K) 4.5% (973 K)
120 0 6.0% (1273K) 6.0% {(1323K)

Comment: Lantratov and Moiseeva [74] noted that their quartz
cells were attacked by the melts; consequently the vessels were
boiled in concentrated HCl and washed with: hot distilled water
between consecutive measurements. .

From isotherms of specific conductance versus mole % BaCls,
Lantratov and Moiseeva [74] conclnded that their data at 60, 75,
and 87.5 mol % CaCl: was in satisfactory agreement with the results
of Barzakovskii and Kochinashvili [120].
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TabLE 142, BaCl-CaCl:: Specific conductance (ohm™ em™?)

Mol percent CaCl.

T [ 100 9% 80 0 . 60 s0 | 4 [ 3 [ 20 - 10 [ o0
980 150 145 140 '
1000 157 151 147 : ;
1020 163 158 153 ; { :
1040 1.74 170 165 1.60 154 : !
1060 1.81 177 171 167 161 | i
1080 194 189 1.84 178 174 168 - 164
1100 2.02 1.96 1.91 1.85 1.01 1.75 1.71
1120 210 203 197 1.92 187 182 ¢ 177
1140 2.18 2.10 2.04 1.98 1.94 189 | 184 1.80
1160 226 217 211 2,05 201 195 190 186
1180 2.33 224 2.18 212 2,07 202 1.97 1.92 1.85
1200 240 231 2.24 2.18 2.14 208 | 203 1.98 192
- 1220 247 2.38 2.31 2.25 2.20 215 209 2.04 1.99
1240 254 | 245 2.38 2.32 2.27 221 | 216 2.10 205 | 201
1260 ‘261 251 245 2.38 233 228 222 2.16 ) 2.12 2.07
1280 2.6 258 ' 252 245 2.39 234 | 228 222 | 218 213 2.07
1300 2.73 264 . 258 2.52 245 240 © 234 228 & 224 2.18 2.13
1320 2.79 271 265 258 | 252 246 | 241 235 230 2.24 2.19
1340 2.85 271 2.72 2.65 258 252 . 247 241 | 235 230 | 224
1360 2.90 2.83 2.79 2,72 2.64 2.58 : 2.53 247 241 2.36 2.30
- 1380 : ; 2.35
© 1400 [ 2.40
1420 : | 2.45
© 1440 , : 249
- 1440 : . ; 253
1460 2.57
1480 2,61
1500 2.65
1520 | : | 260
1540 | 1 )

Temperature-dependent equations
k=a-+bT + cT?

. \ Stand.

Mol % CaCl. z b 10% ¢+ 10¢ error
of est.

0 —5.8435 9.3706 —2.4887 0.78%

10 —1.6386 2.9400 0 0.66%
20 —5.4488 8.8668 —2.2729 . 0.60%
30 ~—1.6903 3.0571 0 0.68%
40 —2.4699 4.3216 . —0.4761 0.45%
.50 —3.1879 5.5379 —0.9539 0.72%
60 —2,6071 : 46708 —0.5981 0.73%
70 | —1.8346 : 3.3476 0 0.62%
80 —1.8254 3.3909 0 0.64%
U . - —=3.3773 . 6.0568 —1.0969 0.72%
100 —5.8425 10.1868 : —2.7630 0.41%

These values are based on the work of Barzakov_skii and Kochinashvili (classical ac technique) [1201.

3. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLE 143. Surface tension studiee: BaCi-CeCl:

Investigations critically re-examined

BaClz-CdCl.

i { T T 1 T T T 1
CaCl Temp. range . -
Ref. Mol 472 () Comments loool BaCl,-CdCly N
229 | 60,75,100 | 873-1140 | Cell material: Pt and stainless
steel capillaries, Pt crucible;
calibration: capillary diameter B i
determined microscopically,
checked using molten KNO,
! and NaNQ;
Deviations from previous NSRDS recommendations [2, p. 60] 5 800 -]
Ref CaCle Min. departure Max. departure &
" | Mol % - dep - dep °
229 100 0.21% (1093K) 1.2% (1173XK) -E = ]
Comment: Lantratov [229] reported reproducibility in surface §
tension measurements of *0.1%. Glass or quariz vessels could. not £
be used due to corrosive attack of the melts. =
' 600f— -
TasLe 144. BaCl:-CaCl.: Surface tension (dyn cm™1) B ]
Mot % CaClz \\\/
o ° o ° o 2 o
T 100 750 - 60 e . . %o
880 166.31 400 —
800 165.81 ’
900 165.31 L l L | L l ! | !
010 164.81 G 20 40 60 80 100
920 164.31 BaCl, cdcl,
930 159.08 16381 Mot % CdCl2
940 159.51 163.30
950 ) 159.04 162.80 Ficure 12. Temperature-composition phase diagram for BaCl.-
960 158.57 162.30 CdClL. -
970 158.10 161.80
080 | 763 16130 C. Sandonnini, Attidella Reale Accad. dei Lincei, (5),
9% 1576 160.80 20, 11, 646. 1911,
v 1000 156.69 160.30
1010 . 156.22 159.80
1020 , 155.75 159.29 Melt Preparation and Purification
1030 i 155.28 158.79
1040 : 154.81 158.29 Boardman, Dorman, and Heymann [26] report that
1050 : 154.34 157.79 their salts ith £ Iytical prad .
1060 146.36 ! 153.87 - 157.29 eir salts werc cither o_ anatytical grade purily or were
1070 145.80 153.40 156.79 prepared from pure reagents and recrystallized. Cadmium
1080 145.24 chloride, from pure electrolytic cadmium ( Electrolytic Zinc
1090 144.68 Co., Tasmania), was dried with increasing temperatures
1100 14412 -until molten, and finally dry HCl was passed through the
1110 143.56 lt. Analysis f dmi .
1120 143,00 melt. Analysis for cadmium was performed using the
1130 1492.44 electro-analytical method.
1140 141.88
Temperature-dependent equations
y=a+bT TaBLE 145. Density studies: BaClo-CdCl.
Mol % CaCl. b 102 Stand. Investigations crizically re-examined
ol % CaCl: a . error
: of est. Ref. l\%glcéfo Tem&.qr)ange Cell material Calibration
60 210.42 —5.01 0.002%
75.0 203.69 —4.70 0.000% 26° | 458,640, 853-998 | Silica glass Molten AgNOa
100 905.83 —561 82.9, 100 dilatometer
These values are based on the work of Lantratov (maximum 165 50 673-973

bubble pressure method) [229].

*Boardman et al. {26] applied corrections for the shape of the
meniscus, buoyancy and expansion of the silica glass. In general the
dilatometer method could not be used above 700-750 °C because of
chemical attack on the silica glass. Values for pure CdCl. are those
recommended in {1].
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TaBLE 146. BaCl-CdCl:: Density (g cm™3)

Mol percent CdCl:

927

Melt Preparation and Purification

Smirnov et al. [79] used “chemically pure” BaCly and
“pure” CsCl which were recrystallized from distilled water.

Smirnov and Khokhlov [174] purified their salts by
double recrystallization, followed by drying under vacuum
and finally melting the salts in an argon atmosphere.

Smirnov and Stepanov [225] used salts purified by
triple recrystallization from doubly distilled water.

Tasie 147, Electrical conductance studies: BaCl--CsCl

Investigations critically re-examined

T 100 82.9 64.0 45.8
860 3.377 3.492
- 870 3.368 3.441 3.483
880 3.360 3.432 3474 3.486
890 3.351 3.422 3.464 3.477
900 3.343 3.413 3.455 3.467
910 3.335 3.404 3.446 3.457
920 3.326 3.39¢ 3.436 3.948
930 3.318 3.385 3.427 3.438
940 3.309 3.376 3418 3.429
950 3.301 3.367 3409 - 3.419
260 3.293 8.357 3.399 3.409
970 3.284 3.348 3.390
980 3276
990 i 3.267
' Temperature-dependent equations
p=a-bT
Mol % CdCl, a b« 102
15.8 4.931 —0.96
64.0 4.292 ~0.93
82.9 4.250 —0.93
100 4.099 —0.84

Ref. N%IC% Temp%range Comments

166 | 0-100 1063-1298 | Cell material: alundum
crucible in a sealed quartz
tube; Mo electrodes; freq.
range: 50,000 Hz; calibration:
molten LiCl, KCl

209* | 0-100 (g) 1240 Cell material and calibration:

as for 166

Deviations from previous NSRDS recommendations: [1, pp. 6, 7}

These values are based on the work ot Boardman et al. (dilato-

netric method) [26].

BuCl:-CsCl
1000 , ,
BaCl,- CsCl
gool liquid i
[
o
° N ]
B
2 §46
2
600
2 600} 588
£ 582
(O]
[ 543
a 442 é“ S
R 2
a00}-P = @ .
g |2
& 3
| |
0] 25 50 75 100
CsCl BaCl
Mol % BaCl, 2

Ficure 13. Temperature-composition phase diagram for BaCl.-CsCl.

Z. A. Mateiko, E. S. Yagub’yon, and G. A. Bukhalova,
Zh. Neorgan. Khim., 11, [10], 2405 (1966} ; Russ. J.
Inorg. Chem. (English Transl.) 12, 91 (1966) .

Ref. I\E:lcflz, Min. departure . Max. departure
166 100 —5.12% (1090 K) —8.21% (1170K)
166 1] ~—0.79% (1300K) —0.18% (1270K)

“Equivalent conductance reported.
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TapLe 148, BaCl-CsCl: Specific conductance (ohm™! em~1)

Mol percent CsCl

T 100 90.96 82.37 73.40 67.0 60.35 50.95 45.0 36.0 10.0 0
1070 1.402 1.336 1.239 1.161 1119 1.080 1.107 1.124
1080 1418 1.348 1.256 1.184 1.142 1.104 1.132 1.150
1090 1.533 1.434 1.365 1.272 1.206 1.166 1.129 1.156 1.175
1100 1.551 1.451 1.383 1.289 1.229 1.189 1.152 1.180 1.201
1110 1.569 1.467 1.400 1.306 1.251 1211 1.276 1.204 1.226
1120 1.587 1.483 1.418 1.323 1.272 1.233 1.199 1227 1.250
1130 1.606 1.500 1.135 1.340 1.203 1.255 1.221 1.250 1.275
1140 1.624 1516 1.452 1.358 1.314 1.276 1.243 1.273 1.299
1150 1.642 1.533 1.470 1.357 1.33¢ 1.297 1.265 1.295 1.323
1160 1.660 1.550 1.487 1.393 1.354 1.317 1.286 1.317 1.346
1170 1678 1566 1.505 1411 1.373 1.237 1.207 1.338 1.370 1670
1180 1.696 1.583 1.522 1.430 1.392 1.356 1.327 1.359 1.393 1.707
1190 1.714 1.600 1.540 1.448 1.411 1.375 1.347 1.380 1415 1.734
1200 1.732 1.617 1.557 1.467 1.429 1.394 1.366 1.401 1.437 1.762
1210 1.751 1.634 1.575 1.486 1.447 1.412 1.385 1.421 1.459 1.790
1220 1.769 1.651 1.592 1.505 1.464 1.429 1.404 1.440 1.481 1.818
1230 1.787 1.668 1.610 1.524 . 1.482 1.447 1.422 1.460 1.502 1.845
1240 1.804 1.685 1.627 1.544 1.498 1.463 1.439 1.479 1.523 - 1.873 2.068
1250 1.702 1.645 1.564 1514 1480 . 1.456 1.497 1.544 1.901 2.098
1260 1.720 1.662 1.584 1.530 1.496 - 1.473 1515 1.565 1928 2128
1270 1.737 1.679 - 1.604 1.546 1.511 1.489 1.533 1.585 1.956 2.158
1280 1.755 1.697 1.624 1.561 1.526 1.505 1.551 1.605 1.984 2.18%
1290 2.220
Temperature-dependent equations
k=a+ bT 4 cT?
Mol % CsCl a b+ 10° ¢+ 10° Fhaic
¢ 0.750 —0.838 1.533 =+0.008
10.0 —1.563 2771 0 +0.005
36.0 —3.443 5.921 —1.545 +0.003
45.0 —3.667 6.425 —1.835 +0.003
50.95 —4.144 7.269 —2.231 =+0.002
60.35 —3.955 7.084 —2.189 =+0.002
67.0 —3.630 6.628 —2.010 +0.002
73.40 0.670 —0.555 1.016 =0.007
82.37 —0.538 1.746 0 =+0.005
90.96 0.059 0.901 0.331 +0.006
100 —0.442 1.812 0 =0.003

These values are based on the work of Smirnoy and Khokhlov {classical ac technique) [166].

TabLE 149. Density studies: BaCl:-CsCl

Investigations critically re-examined

CsCl

Temp. range

Ref. Mol % Cell material \ Calibration
79 | 0-100 973-1273 |Pt ball i Molten KNO;
H and KC1

152 | 0-100 (g)

1273 1Pt sphere

Deviations from previous NSRDS recommendations: [1, pp. 6, 7}

Ref. I\’E)SIC‘}B Min. depérture Max. departure
79 100 11% (980K) 1.3% (1170K)
79 0 —1.9% {1240K) —2.2% (1270K)
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Tasre 150. BaCl.-CsCl: Density (g em™2)
Mol percent CsCI
T 100 88.58 75.68 66.98 56.25 . 46.63 35.17 J 27.59 24.72 l 15.23 . 0
980 2154 2775 2.834 2.909 2982 3.041 3.119 3.166 3.181 3.242 3.367
990 2.744. 2.764 2.823 2.899 2.972 3.032 3109 ' 3.156 3.172 3.233 3.357
1000 2.733 2.753 2812 2.889 2962 3.022 3.099 3.146 3.163 3.224 3.347
1010 2.123 2.742 2.801 2.879 2.952 3.012 3.089 3.137 3.154 3.215 3.337
1020 2712 2.731 2.791 2.869 2.942 3.003 3.079 3.127 3.14 3.206 3.328
1030 2.702 2.720 2.780 2.859 2.932 2.993 3.069 3.117 3.135 3.197 3.318
1040 2.692 2.709 2.1769 2.849 2922 2.984 3.059 3.108 3.126 3.187 3.308
1050 2,681 2.697 2.758 2.839 2.912 2.974 3.048 3.098 3117 3178 3.298
1060 2.670 2.686 2.748 2.829 2.902 2.964 3.038 3.088 3.108 3.169 3.288
1070 2.660 2675 2137 2.819 2.892 2.955 3.028 3.078 3.099 3.160 3.278
1080 2.650 2.664 2.726 2.809 2.882 2.945 3.018 3.069 3.090 3.151 3.268
1090 2.639 2.653 2.716 12.799 2.872 2.936 3.008 3.059 3.081 3.142 3.259
1100 2.629 2.642 2.705 2.789 2.863 2.926 2.998 3.049 . 3.072 '3.133 3.249
1110 2.618 2.631 2.694 2.779 2.853 2.916 2.988 3.040 3.063 3.123 3.239 .
1120 2.608 2.620 2.683 2.769 2.843 2.907 2917 3.030 3.053 3.114 3.229
1130 2.597 2.609 2.673 2.759 2.833 2.897 2.967 3.020 3.044 3.105 3.219
1140 2.587 2.598 2.662 2749 | 2.823 2.888 2.957 | 3.011 3.035 3.096 3.209
1150 2.576 2.587 2.651 2.739 2.813 2.878 2.947 3.001 3.026 3.087 3.200
1160 2.566 2.576 2.640 2.729- 2.803 2.868 2.937 2.991 3.017 3.078 3.190
1170 2.555 2.565 2.630 2.7119 . 2.793 2.859 2.927 2982 | 3.008 3.069 3.180
1180 2.545 2.554 2619 2.709 2783 2.849 2917 2972 2.999 3.059 3.170
1190 2.534 2.543 2.608 2.699 2773 . 2840 2.906 2.962 2.990 3.050 3.160.
1200 2.524 2.532 2.598 2.689 2.763 . 2.830 - 2.896 2.952 2.981 3.041 3.150
1210 2.513 2.520 2.587 2.679 2.753 2.820 2.886 2.943 .2.972 3.032 3.140
1220 2.503 2.509 2576 | 2669 2.7143 2.811 2.876 2.933 2.962 3.023 3.131
1230 2.493 2.498 2.565 2.659 2.7133 2.801 2.866 2.923 2.953 3.014 3.121
1240 2.482 2.487 2.555 2.650 2.723 2,792 2.856 2.914 2.944 3.005 3.111
1250 2472 2.476 2.544 - 2.640 2.713 2.782 2.846 2.904 2.935 2.995 3.101
1260 2.461 2.465 2.533 2630 2.703 2.172 2.835 2.894 2926 - 298 | 3.091
1270 2.451 2454 2.522 - 2.620 ] 2.694 | 2.763 2.825 2.885 2.917 L2.977 ] 3.081
Temperature-dependent equations
p=a-+bT
Mol % CsCl a b+ 10%
[} ) 4.3316 —0.9844
15.23 4.1382 —0.9142
24.72 4.0725 —0.9099
27.59 4.1154 —0.9691
35.17 4.1136 —1.0144
46.63 3.9816 —0.9597
56.25 3.9558 —0.9939
66,98 3.8866 —0.9976
75.68 3.8851 —1.0730
88.58 3.8593 —1.1065
100 3.7808 —1.0474.

These values are based on the work of Smirnov et al. (Archimedean method) [79].

Taste 151. Viscosity studies: BaCl.-CsCl

Investigations critically re-examined

Ref. MGOSIC,% Tem{)i’r)ange Cell material Calibration
174 0-100 930-1290 | Pt ball Molten Cs and
| | Li chlorides
Deviations from previons NSRDS recommendations: {1, pp. 6, 7]
Ref. MC:IC ,170 Min. departure Max. departure
174 100 0.91% (960 K) 16% (940K)
174 0 —220% (1290K) —26.1% (1270K)
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TasrLe 152. BaCl.-CsCl: Viscosity (cp)

Mol percent CsCl

T 100 88.58 75.68 66.98 56.25 46.63 35.17 24.72 15.22 4]
930 1.349
940 1.296
950 1.248
960 1.202
970 1.159
980 1.118
990 1.079
1000 1.043 1.966 2.606
1010 1.008 1.909 2,513
1020 0.095 1.856 . 2425
1030 0.944 1.805 2.342 2.896 3.683
1040 1.756 2.263 2.788 3.530
1050 1.710 2.188 2.686 3.387
1060 1.665 2.117 2.589 3.253
1670 1.191 1.623 2.049 2.498 3.126
1080 - 1.168 1.582 1.985 2412 3.006
1090 1.145 . 1.543 1.924 2.330 2.893
1100 1.123 1.506 1.866 2.252 2.780 3.511
1110 1.102 1470 1.811 2.178 2.684 3.359
1120 1.082 1.436 1.758 2.108 2.589 3.216
1130 1.062 1.403 1.708 2.041 2.498 3.082 3.420
1140 1.043 1.371 1.660 1.978 - 2412 2.956 3.280
1150 1.025 1.341 1.614 1.917 2.330 2.837 3.148
1160 1.008 1.312 1.570 1.860 2.253 2.724 3.024
1170 0.991 1.284 1.528 1.805 2.179 2618 2.906
1180 0.974 1.257 1.488 1.752 2.109 2518 2.795 3.591
1190 0.958 1.231 1.450 1.702 2.042 2.423 2,690 3.448
1200 0.943 1.206 1.654 1.978 2.333 2,591 3.312
1210 : 0.928 1.182 2.248 2.497 3.164'
1220 | 0.914 1.159 2.167 2.407 3.063
1230 : 0.900 1.136 2.091 2.322 2.948
1246 0.886 1.115 : 2.018 2.242 2.839 3.811
1250 | 0.873 2.166 2.736 3.671
1260 | : 2.093 2.639 3.538
1270 ! 2,024 2.546 3.413
1280 i . 1.058 2.458 3.293
1290 i 1.895 2.374 3.180
Temperature-dependent equations
n=24 *exp (E/RT)
Standard
Mol % CsCl A 107 (cal mol™?) deviadtion
0 3.570 11507 =+0.018
15.22 2.799 11382 +0.008
24.72 2.928 10689 =+0.009
35.17 2.607 10716 +0.007
46.63 4.584 8977 =0.006
56.25 5.559 8090 =0.008
66.98 6.616 7299 =+0.006
75.68 10.483 5824 =+0.007 ~
88.58 13.769 4588 +0.008
100 3.448 6774 =+0.008

These values are based on the work of Smirnov and Khokhlov (oscillating sphere method) [174].
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TaBLe 153. Surface tension smdies:vBe’xClg-CsCl

Investigations critically re-examined

Ref. Nﬁnslc‘;b Tem?i’;ange ! Cell material Calibration
225 | 0-100 1070-1263 | Ceramic capillary |Measurements on
pure salts

244 ] 0-100 (g) 1123
Deviations from previous NSRDS recommendations: [2, pp. 58, 60}

Ref. MCOSIC,% Min. departure Max. departure
225 160 —0.0% (933K) 0.24% (1013 K)
225 0 2.8% (990K) 4.4% (1040K)

Comment: Calculations in rcference [225] were corrected for the
depth of immersion and for the thermal expansion of the capillary.
Least squares linear fit to the surface tension results gave a mean
deviation of £0.1 dyne ecm™, The data in reference [244] was
stated as reproducible to 0.5%.

TaeLe 154. RaCl—CsCl: Surface tension (dyn ecm=™1)

Mol percent CsCl

T ' 100 90 80 70 60 50 C40 30 20 10 0
940 89,75 :
. 960 88.19 -
980 86.62
1600 85.05
1020 83.48
1040 81.91
1060 80.35
1080 79.0 79.2 80.2
1100 775 717 788 84.9
1120 75.9 76.2 . 77.3 79.2 83.6 89.8
1140 74.4 74.7 75.9 778 82.3 88.5 95.3
1160 728 73.2 74.5 76.4 80.9 87.3 94.1
1180 : 71.3 7.7 730 | 750 79.6 860 : 929
1200 69.7 70.2 716 73.6 78.3 847 91.7 109.8
1220 68.2 68.8 70.2 722 770 83.4 90.4 108.7 127.3
1240 i 66.6 67.3 68.7 70.9 75.6 82.1 89.2 107.5 126.5
1260 65.1 65.8 67.3 69.5 74.3 80.9 88.0 ! 106.3 125.6 168.1
- 1280 65.9 86.8 105.1 124.7 167.3
1300 104.0 123.9 166.6
1320 . 1230 165.8
1340 . . 1 165.0
1360 - ; 1643
Temperature-dependent equations
y=a+4 bT
Mol 9% CsCl a ’ b+ 10%
0 2161 —3.81
10 179.4 —4.27
20 1799 —5.84
30 165.1 —6.12
40 161.5 —6.40
50 1576 —6.61
60 157.4 —6.98
70 157.4 —7.15
80 159.4 —7.43
90 162.6 —1.74
100 163.46 —7.841

These values are based on the work of the work of Smirnov and Stepanov (maximum bubble pressure method) [225].
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" BaCl-KC!
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1000k BaCly-KCl |

(°C)

Temperature
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KCl BuCl2
Mol % BaCly

Ficure 14. Temperature-composition phase diagram for BaCl-KCl.

T. Sato, Kinzokv no Kenkyu, 10, 383 (1933).

Metlt Preparation and Purification

Peake and Bothwell [232, 33] used Baker and
Adamson reagent grade and Merck and Co. reagent grade
potassium chloride and barium chloride dihydrate, respec-
tively. To obtain auhydrous materials the KCI was heated
for ten hours at 600° in a muffle furnace while the
BaCly-2H,0 was first heated in a porcelain casserole for
24 hours on a hot-plate and then for 10 hours at 800 °C
in a muffle furnace. Analysis of the melts consisted in
determining the barium content by weighing as the
carbonate.

4. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

- Reding [241] used Baker and Adamson reagent grade
KCl which was dried under vacuum for 12 hours or
longer. Baker and Adamson reagent grade BaCls-2H,0
was dehydrated by heating under vacuum for 12 hours at
200 °C and then for 5 hours at 500 °C. The dried salts
were stored in sealed Mason jars that had been previously
flushed with argon and dried.

TasLE 155. Density studies: BaCl—KCl

Investigations critically re-examined

Ref. ;: MIEICI% Tem}(:lﬁange
33° T 0-100 1054-1286
89° 0-100
152 0-100 (g) 1273
150° 0-100 (g) 1073
Deviations from previous NSRDS recommendations: [1, pp. 5, 11}
Ref. N}E: gl% Min. departure Max. depariure .
33 100 —0.59% (1065 K) —0.82% (1161 K)
33 0 —0.86% (1267 K) —0.89% (1286 K)‘

* Peake and Bothwell [33] took suitabie precautions to avoid
condensation of salt vapors on their suspension wire and incorporated
a technique for accurate location of the surface of the melt, result-
ing in reproducible depths of immersion of the platinum sinker.
The authors report a probable error in density measurements on the
pure salts of less than #:0.2% and an error of less than +0.3% on
density of mixtures.

®Data from ref. [33].
¢ Graphical except for pure salts.
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TaBLE 156, BaCl~KCl: Density (g cm™%)
Mol percent KCl
T 100 91.6 86.9 75.6 70.2 66.7 66.4 54.3 50.5 36.7 20.9 0
1060 2.487
1070 1.503 1.693 1.766 2.051 2.226 2.220 2.422 2.481
1080 1.497 1.685 1.761 2.045 2.120 2.208 2213 2.414 2.475
1090 1.491 1.678 1.756 2.039 2.113 2.192 2.206 2.407 2.468
1100 1.485 1671 1.751 2.032 2.106 2177 2.199 2.399 2.462 2.731
1110 1.479 -1.663 1746 | 2026 2.099 2.164 2.192 2.391 2.456 2.725
1120 1472 1.656 1.742 2.020 2.092 2,153 2.185 2.384 2.449 2.718
1130 1.466 1.648 L7137 | 2014 2.085 2.143 2.178 2.376 2.443 2712
1140 1.460 1.641 1.732 2.008 2.079 2134 2171 2.368 2.436 2.705
1150 1.454 1633 1.727 2.002 2.072 2128 2.164 2.361 2.430 2.699
1160 1.448 1.626 1.723 1.995 2.065 2.122 2.157 : 2.692 2.922
1170 2.058 2.686 2915
1180 2.679 2.908
1190 2,901
1200 2.893
1210 2.886
1220 i
1230 ¢
1240 i
1350 : 3.136
1260 i 3.129
1270 ‘ 3122
1280 3.115
Temperature-dependent equations
p=a- bT
Mol 9% KCi1 a b e 108 ¢+ 108 Sta;lfd.e s?.TM
o 3.9881 —0.6819 0 0.02%
- 209 3.7621 —0.7240 0 0.05%
36.7 3.4446 —0.6486 0 0.04%
50.5 3.1602 —0.6349 0 0.07%
54.3 3.23%6 —0.7643 1] 0.04%
66.4 2.9626 —0.6944 0 0.17%
66.7 13.2921 —18.8213 7.9243 0.29%
70.2 2.8580 —0.6838 ¢ 0.06%
75.6 27114 —0.6173 0 0.06%
86.9 22758 —0.4769 0 0.18%
91.6 i 2.4850 —0.7405 0 0.21%
100 ! 2.1559 —0.6103 0 0.08%
These values are based on the work of Peake and Bothwell {Archimedean method) [33].
TaBLE 157. Surface tension studies: BaCl-KCl
Investigations critically re-examined
Ref. MIE{:I % Tem;()i‘l)'ange Comments
232 0-100 1077-1314 | Cell material: Pt-10%Rh
capillary and porcelain
crucible; calibration: liquids of
known surface tension;
diameter of capillary measured
with microscope
241 | 25-100 1023-1198 | Cell material: Pt-109%Rh
capillary and graphite crucible;
diameter of capillary measured
with microscope
244 | 0-100 (g) 1123
Comparison with NSRDS recommendations [2, p. 58 and this volume]
Ref. Mlglc }% ‘Min. departure Max. departure
232 100 —22% (1117K) —29% (1142K)
241 100 2.3% (1073K)
241 40 5.0% (1165K) 52% (1103 K)
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Tasie 158, BaCl-KCi: Surface tension (dyn em™?)
Mol percent KCI

T 100.0 96.1 916 86.5 75.6 70.6 66.0 62.7 57.7 52.3 317 179 T Q0
1080 112.1
1090 99.2 108.1 109.4 111.6
1100 96.1 986 100.9 107.5 108.9 111.0 1127 | 1153 118.9
1110 93.5 95.3 98.0 100.2 106.8 |. 1084 1104 1120 ' 1149 1184
1120 928 94.6 974 99.5 106.2 107.8 109.8 1114 . 1144 117.8
1130 92.1 93.8 96.9 98.8 105.5 107.3 1092 110.7 113.9 117.3 129.4
1140 91.4 93.1 96.3 98.1 104.8 106.8 108.6 110.0 1134 116.8 128.6
1150 90.7 92.3 95.7 © 974 104.2 106.3 108.0 109.4 1129 116.3 127.7
1160 | 90.0 091.6 95.1 96.7 103.5 105.8 107.4 108.7 1124 115.7 126.9
1170 | 89.3 90.8 105.2 . 111.9 126.1
1180 88.6 ! 1252 1438
1190 87.9 ! 124.4 143.0
1200 1935 | 1422 |
1210 . P 122.7 1415
1220 : ) ! ! ' - 1218 140.7
1230 ’ ' I 1210 130.9
1240 1392
1250 - : ! 1384
1260 137.7 163.5
1270 : . 162.8
1280 . 162.0
1290 : : ' 161.2
1300 | - ‘ i 160.4
1810 B : 159.6
Temperature-dependent equations
vy=a-+ bT
Mol % KCI @ l b 102 Sta{)‘g’;};’mr
0.0 262.9968 —17.8938 0.17%
17.9 233.9472 —7.6421 0.26%
37.7 2246250 —8.4254 0.809%
52.3 176.1607 —5.2083 0.54%
57.7 168.9015 —4.8698 : 021%
62.7 186.0652 —6.6690 0.28%
66.0 175.6408 —5.8798 0.24%
70.6 166.1773 —5.2091 0.27%
756 180.4021 —6.6294 0.32%
86.5 178.0157 : —17.0131 0.46%
91.6 163.2767 —5.8786 0.46%
96.1 178.7136 —7.5125 0.40%
100.0 171.1364 —6.9911 0.25%

These values are based on the work of Bothwell and Peake (maximum bubble pressure method) [232].
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BaCl-LaCls Tasre 160. BaCl-LaCls: Specific conductance (ohm~%cm™)
. epe  ia Mol percent LaCls
Melt Preparation and Purification
T 100 90.0 | 75.0 | 60.0 | 450 | 30.0| 1369| 0.0
Smirnov and Khoklov [172] and Smirnov and Stepanov 1140 | 1248 | 1.271 | 1282
[168] used “pure” barium chloride which was twice 1150 1273 | 1.297 | 1.310 1.350
recrystallized, dried at reduced pressure, and remelted in 1160 1299 | 1.324) 1.338| 1353 | 1.381
. 1170 1.325 | 1.351| 1.366| 1.384 | 1.412
an atmosphere of pure argon. The preparation of pure
. . 1180 1.350 | 1.378 | 1.394| 1.415( 1.443 )
LaCls is described under the system LaCly-LaCl;. 1190 |  1.376 | 1.404 | 1.493] 1.445 | 1474 | 1510
1200 1402 | 1.431| 1451} 14761 1.505 | 1.542
1210 1.427 | 1458 1.479| 1507} 1.536 | 1.573
1220 1453 | 1.485| 1.507| 1.538| 1.567 | 1.605
TasLE 159. Electrical conductance studies: BaCl.-LaCls 1230 1511 1.535| 1.568 | 1.598 | 1.637
Investigations critically re-examined 1240 1.538 | 1.564| 1599 | 1.628 | 1.669 2.069
- 1250 1.565| 1.592| 1.630 | 1.659 | 1.701| 1.856 2.099
Ref. 1\14?97 Temp, range Comments - 1260 1502 | 1.620| 1.660 | 1.600 | 1.733| 1.886 | 2.129
. ° 1270 1618 | 1.648( 1.691 | 1.721 | 1.765| 1.917| 2.159
172 1 13.69-90.0{ 1131-1306 | Pt electrodes; freq. range: 1280 1752 § 1797 1.948 | 2.190
50,000 Hz; calibration: molten 1290 | 1979 2.221
CaCl: ’ 1300 2.009
Temperature-dependent cquations
k=a+ bT + T?
Standard
Mol % LaCls a b+108 c* 108 deviation
0.0 0.750 ~—0.838 1.533 0.008
13.69 —1.989 3.076 0 0.003
30.0 —2.287 3.190 0 0.001
45.0 —2.202 3.089 ¢ 0.001
60.0 -—~2.209 3.071 ¢ 0.003
75.0 —1.931 2.818 0 0.002 -
90.0 —1.780 2,676 0 0.004
100 —1.673 2.562 [} 0.002

These values are based on the work of the work of Smirnov and
Khokhlov (classical ac technique) [172].

TasLE 161. Density studies: BaCl,-LaCls

Investigations critically re-examined

Ref. 1\}[';1(:172 Tem{).Tgange Comments
168" 14-90 1067-1321 | Cell material: Mo capillary
tube; calibration: molten NaCl

* Smirnov and Stepanov [168] report a root-mean-square deviation
for their density measurements of 0.004 g cm™3.
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Taere 162. Ba(loLaCls: Density (g em™%)
Mol percent LaCls
T 90 80 70 60 50 40 30 20 10 ¢
1080 3.217 3.220 3,141 " 3.131 3.117 3.101 3.082
1090 3.213 3.225 ‘
1100 3.209 3221 3.229 f
1110 3.188 3.205 3.217 3.225 :
1120 3.184 3.201 3.213 3.220 3.223 :
1130 3.180 3.197 3.209 3.216 3.219
1140 3.176 3.193 3.205 3.212 3.214 i
1150 2.172 3.189 3.201 5.207 3.209
1160 3.168 3.185 3.196 3.203 3.204 3.207
1170 3.164 3.181 3.192 3.198 3.199 3.202
1180 3.159 3.176 3.187 3.193 3.194 3.197
1100 8.155 3.172 3.183 3.188 3.18% 3.192
1200 3.151 3.167 3,178 3.18¢ 3.184 3.186
1210 3.146 3.163 3.173 3.179 3.179 3.181 3173
1220 3.142 3,158 3.169 3.174 3.174 3.175 3.168
1230 3.137 3.153 3.164 3.169 3.168 3170 3.162
1240 3.132 3.149 3.159 3.163 3.163 3.164 i 3.156 3.144
1250 3.127 3.144 3.154 3.158 3.158 3.158 | 3.149 3.137
1260 3.123 3.139 3.149 3.153 3.152 3.152 3.143 3.131
1270 2142 214% 3.146 2146 2137 3134 2.108 3.090
Two-dimensional equation and statistical parameters
p=a+ bC L cT34-dC? 4 eTC?
| Stand.
a b+ 10° ¢+ 10" 41 e 10° I\%:I;;f;;i:m :{rzﬂ:{'
—0.22%
3.30441 2.65931 —1.02422 9.26544 —2.92357 (1269.2 K, 50 0.08%
mol % BaCl.)

These values are based on the work of Smirnov and Stepanov (modified maximum bubble pressure method} [168, 791. € = mol % BaCl..
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PROPERTIES OF CHLORIDES AND MIXTURES 937
Tasie 163. BaCl-LaCls:Density (g cm™%) o _
Mol percent LaCl, TaBLE 164. Surface tension studies: BaClz-LaCls
T | 9% '75 60 | 50 45 30 14 0 Investigations critically re-examined
1070 3.281 | ! Ref. P}fg{:}% Temp.1ange| il material | Calibration
1086 3.227
1090 3.222 168* 14-90 1067-1321 | Mo capillary | Molten NaCl
1160 3.217 | 3.226| 3.232 tube )
11101 3193} 32131 3.222 | 3.228 *Smirnov .and Stepanov [168] report a root-mean-square deviation
1120 | 3.189| 3208 | 3.218 | 3223 in their surface tension measurements of 0.1 dyne cm™2.
1130 | 3.184 | 3.203 | 3.213 | 3.219
1140 | 3.179 | 3.198 | 3.209 | 3214 | 3.212
1150 | 3.174 | 3.194 | 3.205 | 3.209 | 3.207
"1160 | 3.169 | 3.189 | 3.200 | 3.205 | 3.202
1170 | 3.164 | 3.184 | 3.196 | 3.200 | 3.196
1180 | 3.159 | 3.180 | 3.192 | 3.195 | 3.191
1190 | 3.154 | 3.175 | 3.187 | 3.191 | 3.186
1200 | 3.150 | 3.170 | 3.183 | 3.186 | 3.181 | 3.175
1210 | 3.145 ] '3.166 | 3.178 | 3.181 | 3.176 | 3.169
1220 | 3.140 | 3.161 | 3.174{ 3.177 | 3.171 | 3.162
1230 | 3.135 | 3.156 | 3.170 | 3.172 | 3.166 | 3.156 |
1240 | 3130 | 3.152 | 3.165 | 3.167 | 3.161 | 3.150 -
1250 | 3.125 | 3.147 | 3.161 | 3.163 | 3.156 | 3.143 | 3.123 | 3.101
1260 | 3.120 | 3.142 | 8.157 | 8.158 | 8.151 | 8.137 | 8.115 | 5.091
1270 3152 3.153 | 3.146 | 3.130 | 3.106 | 3.081
-1280 | 3148 . 3.124| 3.098
1290 3.118| 3.090
1300 3.082
1310 i 3.073
1320 i 3.065
Temperature-dependent equations
p=a-+ bT
Mol % LaCls a b« 10%
0 4.3316 —9.844
14 4158 —8.28
30 3.942 —6.39
45 3.785 —5.03
50 3.744 —4.65
60 3.706 —4.36
75 3.732 —4.68
90 3.734 —4.87

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975



938 JANZ ET Al.

TasiLe 165. BaCl:-LaCl:: Surface tension (dyn cm™1)

Mol percent LaCl,

T 90 80 | 70 60 50 20 30 20
1085 1349 139.6
1100 1341 1388 - 143.8
1115 1289 133.3 138.1 143.0 148.1
1130 128.1 1326 137.3 142.3 147.4
1145 127.3 1318 136.5 1415 146.7
1160 126.5 131.0 135.8 140.8 1460 1513
1175 125.7 1302 1850 ¢ 1401 1453 150.6
1190 124.9 129.4 1342 1393 1445 .1499
1205 124.1 1286 1335 | 1386 143.8 149.2 154.6
1220 1233 1279 132.7 137.8 143.1 1485 153.9
1235 122.6 127.1 1319 137.1 142.4 147.8 153.3 158.8
1250 121.8 126.3 1312 1363 1417 147.1 1526 158.1
1265 _ 130.4 135.6 140.9 146.4 152.0 1575
1280 ' 145.7 1513 156.9
1295 156.3

Two-dimensional equation and statistical parameters

y=a+ 6T 4 cC 4 dC? 4 eTC?

' : Stand.
: . . 101 . 106 . Max. percent
a b 10° c* 10 d*10 e+ 10° departure :f!'l:zl"
) —0.23%
183.65417 —5.28164 3.90870 —1.15911 1.89752 (1067.2K, 25.0 0.12%
’ mol % BaCl.

Thesc values are based on the work of Smirnov and Stepanov (maximum bubble pressure method) [168]. C = mol % BaCls.
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TasLE 166. BaClo-LaCls: Surface tension (dyn em™?)

Mol percent LaCls

T | 9 5 60 | 50 45 30 | 14
1070 138.3
1080 137.8
1090 137.3
1100 1367 1437 | 1486
1110 | 1290 | 1362 1432 ' 1482
1120 | 1285 | 1357 | 1427 | 1477
1130 | 1280 | 1352 | 1429 | 1479
1140 | 1274 | 1346 | 1417 | 1467 | 1496
1150 | 1269 | 1341 | 1412 | 1463 | 1491
1160 | 1264 | 1336 | 1407 |. 1458 | 1487
1370 | 1259 | 1331 | 1402 | 1453 ! 1489
1180 | 1253 | 1325 | 1307 | 1448 ' 1477
1190 | 1248 | 1320 | 1392 | 1444 | 1473
1200 | 1243 | 1315 | 1387 | 1439 | 1468 | 1549
1210 | 1238 | 1310 | 1383 | 1434 | 1463 | 1545
1220 | 1232 | 1304 | 1378 | 1429 | 1459 | 1541
1230 | 1227 | 1299 | 137.3 | 1425 | 1454 | 1537
1240 | 1222 | 1294 | 1368 | 1420 | 1449 | 1532 |
1250 | 121.7 | 1289 | 1363 | 1415 | 1445 | 1528 | 1613
1260 | 1211 | 1283 | 1358 | 141.0 | 1440 | 1524 | 1610
1270 1353 | 1406 | 1435 | 1520 | 1606
‘1280 1348 1516 | 1602
1290 1512 | 159.8
1300 159.5
1310 : 159.1
1320 | 158.7
Temperature-dependent equations
y=a bT
Mol % LaCls | a b~ 10?
14 * 208.2 —3.75
30 205.2 —419
45 202.6 —4.65
50 201.0 —4.76
60 197.9 —493
75 194.6 —35.26
90 1874 —5.96

These values are based on the work of Smirnov and Stepanov

{maximum bubble pressure method) [168].

BaClz-LiCl
IOOC. T T T
' _ 958
BaCl,-LiCl
900} 1
Eﬁi Liquid
800} —
(]
5 -
S 700 fLiCl+ BaCl, 7
a8 +
5 Liquid
~ 600 =
500 512 BaClp-LiCl 1
1 Il
0 20 40 60 - 80 100
LiCl BaCl,

Mol % BaCl,

Ficure 15. Temperature-composition phase diagram for BaCl-LiCl.

A. G. Bergman and E. I. Banshlen, Tzv. Sekt. Fiz. Khim.

Anal. Inst. Obshch. Neorg. Khim., Akad. Nauk. S.S.S._R.,
23, 201 (1953).

Melt Preparation and Purification

Smirnov et al. [251,126] and Smirnov and Khokhlov
[155] used “chemically pure” salts. BaCl, was recrystal-
lized three times from doubly distilled water; their purifi-
cation of LiCl is described under the CsCI-LiCl system.

Barium and lithium chloride in reference [173] were
twice recrystallized from distilled water and dried under
vacuum and stored in an argon atmosphere. :

TasLe 167. Electrical conductance studies: BaCl-LiCl

Investigations critically re-examined

LiCl Temp. range
Ref. Mol % (n Comments

155 0-100 1073-1273 | Cell material: alundum
crucible {(containing melt) in a
sealed quartz tube; Mo
electivdes; frey. range: 10,000
Hz; calibration: molten LiCl

and KCI
Deviations from previous NSRDS recommendations: 1,07
Ref. 1\/%011(:‘]70 Min. departure Max. departure
© 155 0 0.0% (1260 K) 0.53% (1240 K)
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TasLe 168. BaCl-LiCl: Specific conductance (ohm™* em™1) TaBLe 170. BaCl:-LiCl: Density (gcm™3%)
Mol percent LiCl Mol percent LiCl
T 100 -| 77.6 644 | 52.4 35.0 | 21.6 10.5 0.0 T 100.0 | 89.8 75.0 | 60.6 | 46.7 32.3 | 150 0.0
1080 | 6.640 | 4.386 | 3.593 | 2.952 | 2,325 880 | 1.504 | 1.959
1090 | 6.679 | 4.450 | 3.653 | 3.011 | 2.383 890 , 1.500 [ 1.950
1100 | 6.716 | 4.515 | 3.713 | 3.071 | 2.440 900 ; 1.495 | 1.942
1110 | 6.753 | 4.579 | 3.773 | 3.132 | 2.498 910 ; 1.491 | 1.934 2.663
1120 | 6.789 | 4.643 | 3.835 | 3.194 | 2.556 920 | 1.486 { 1.925 2,654
1130 | 6.824 | 4.707 | 3.897 | 3.258 | 2.613 930 | 1482 1.917 2.646
1140 | 6.858 | 4.771 | 3.961 ! 3.323 | 2.671 | 2.190 940 | 1.477 | 1.909 1 2.638
1150 | 6.891 | 4.835 | 4.025 | 3.3890 i 2.728 | 2.242 950 | 1.473 | 1.901 | 2.317 |2.629
1160 | 6.923 | 4.900 | 4.090 | 3.456 | 2.786 | 2.204 960 | 1.469 | 1.892 | 2.309 |2.621
- 1170 | 6.954 | 4,964 | 4.155 | 3.525 | 2.844 ‘2.346' 970 | 1464 1 1.884 ( 2.301 {2612
1180 | 6.984 ! 5.028 | 4.222 | 3.594 | 2,901 | 2.398 | 2.070 980 | 1.460 | 1.876 | 2.293 |2.604
1190 | 7.014 | 5.092 | 4.289 | 3.665 | 2,950 | 2.450| 2.109 990 | 1.455 ) 1.867 | 2.285 |2.595 | 2.803
1200 | 7.043 | 5.156 { 4.358 | 3.738 | 3.017 | 2.501 | 2.148 1000 | 1.451 | 1,859 [ 2.277 | 2.587 | 2.794
1210 | 7.070 | 5.220 | 4.427 | 3.811 | 3.074 | 2,553 | 2.187 1010 | 1.446 | .1.851 | 2.269 | 2.579 | 2.785
1220 | 7.097 | 5.285 | 4.497 | 3.886 | 3.132 | 2.605 | 2.226 10201 1442 1.842( 2.261 | 2.570 | 2.775
1230 |- 7.123 | 5.349 | 4.567 | 3.961 | 3.189 | 2.657 | 2.266 . 10301 1437 | 1.834 | 2.253 |2.562 | 2.766
1240 | 7.148 | 5413 | 4.639.] 4.038 | 3.247 | 2,709 | 2.305 | 2.118 1040] 1.433 | 1.826 | 2.245 | 2.553 | 2.756
1250 ( 7.172 | 5.477 | 4.713 | 41171 3.305 ) 2.761 ! 2344 2133 1050 | 1.428 | 1.818; 2.237 ;2.545 | 2.747
1260 | 7.195 | 5.541 | 4.784°| 4196 | 3.362 | 2.813| 2.383 | 2.149 1060 | 1.424 | 1.809 | 2.229 | 2.536 | 2.738 .
1270 | 7.217 | 5.605 | 4.858 | 4277 | 3.420 | 2.864 | 2422 I 2.164 1070 | 1419 1.801| 2.222 | 2.528 2.936
2 1080 - 2927 |-
k=04 b7 4 cT? 1090 2919
Mol LiCl | a l b 10° 108 1200 | 2010
0.0 F0.217 1.533 0 1110 2.901
10.5 —2.545 3911 0 1120 2.892
216 —3.723 5187 . 0 1130 £.882
35.0 —3.899 5.763 0 1140 | 2.875
524 3.746 —7.291 6.070 1150 2.866
64.4 2.064 —3,041 4127 1160 ‘ . | 28581 3049
71.6 —2.543 6.416 0 1w y 3.081
100 —2.885 13738 | —4.554 1180 : 3.033
1190 : 3.025
These values are based on the work of Khokhlov and Smirnov
{clacaical ac technique) [155]. 1200 ' ’ 3.017
1210 3.009
12201 3.001
1230
] 1240 . 3112
. TasLe 169. Density studies: BaCl,-LiCl. 1250 . 3.101
I —— = 1260 | 3.091
. nvestigations critically re-examined . 1270 : ] I 3.081
Ref. | N}"‘iCI ITemp' range Cell material Temperature.dependent equations
ol % (
| 875-1220 | Mo or Pt capillary tube pZa it
126 15.0-898 ‘[ | P R Mol % LiCl a b 108
P T L =y
Comment: Smirnov et al. [126] using the maximum gas bubble 32.3 3.868 -8.71
pressure method were able to measuré both the density and the 46.7 3.735 —941
surface tension of the melts in the same apparatus. They report a 60.6 3.430 —843
standard dev1at|on for the density measurements on all the mixtures 75.0 3.069 —7.92
of +0.00M8 gem ™3, 89.8 2.689 —8.30
100.0 1.8965 —4.458

These values are based on the work of Smirnov et

maximum bubble pressure method) [126].

al. (modified
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TaBLE 171, Viscosity studies: BaCle-LiCl © + Tasie 172. BaCl-LiCl: Viscosity (cp)
Investigations critically re-examined Mol percent LiCl
Ref. MI;]C¢17 Tem?%r)ange Comments T 89.8 75.0 60.6 46.7 32,0 15.0 0
i 1010 | 1.33 211 |
173 15-89.8 1010-1290 | Cell material: Mo sphere, steel 1020 1.30 1.54 207 |
; suspension wire; Pt or Mo 1030 1.28 1.52 203 °
crucible containing melt in 1040 126 @ 149 199 |
quartz tube; calibration: 1050 123 © 146 1.95 !
organic liquids and fused NaCl 1060 121 | 144 1.92
used to check reliability of 1070 1.19 | 141 1.88 281
apparatus 1080 117 1.39 1.85 2.14
Comment: A brief discussion of the experimental approach of 1090 115 1.37 182 2.67
Smirnov and Khokhlov [173] is given under the CsCl-LaCl; system. 1100 L13 185 179 2.60

1110 Li12 1.33 1.76 2.54
1120 1.10 1.31 1.73 248
1130 1.08 1.2¢ 1.70 2.43 3.13
1140 1.07 127 167 2.37 3.06
1150 1.05 1.25 1.65 2.32 2.99
1160 1.03 1.23 1.62 2.27 2.92 3.82

1170 1.21 1.60 2.22 2.85 3.71

1180 2.17 2.79 3.61

1150 213 2,73 3.51

1200 ' 2.09 2,67 341

1210 2.04 2,61 3.32

1220 2.00 256 3.24

1230 251 3.16

1240 246 3.81
1250 241 3.67
1260 3.54
1270 341
1280 3.29°
1290 3.18

Temperature-dependent equations

7 =A"*exp (E/RT)

. 5 S :

Mol % LiCl 410 (cal mol1) | destation
0.0 3.570 11507 0.018
15.0 13.508 7701 0.03
32.0 20.147 6161 0.03
46.7 18.155 5821 0.04
60.6 25.252 4469 " 0.03
75.0 23 561 2810 0.02
89.8 18.963 3909 0.02

These values are based on the work of Smirnov and Khokhlov
(oscillating pendulum method) [173].

TaBLE 173. Surface tension studies: BaCls-LiCl

Investigations critically re-examined

Ref. Ml‘;iic,l% Tem%‘gan ge ‘Comments

251 15.0-89.8 1073 Cell material: Mo capillary,
melt contained in Pt crucible;
calibration: molten NaCl

TasLe 174. BaCl-LiCl: Surface tension (dyn cm™%)
Mol percent LiCl

T 100 80.8 750 60.6 46.7 32.3 15.0 0
880 141.87 145.89 i

900 14021 144.29

920 138.56 142.69 153.10

940 136.90 141.09 151.75

960 135.24 13950 139.37 150.40

980 133.58 137.90 137.78 149.05
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TasLe 174. BaCl-LiCl: Surface tension (dyn cm~!)—Continued
Mol percent LiCl
T ’ 100 89.8 75.0 60.6 6.7 32.3 15.0
1000 131.92 136.30 136.20 147.70 152.80
1020 ! 130.26 134.70 134.62 146.35 151.64
1040 I 128.60 133.10 133.03 145.00 150.47
1060 126.94 131.51 13145 143.65 149.31
1080 15748
1100 156.42
1120 155.36
1140 154.31
1160 153.25 164.40
1180 163.50
1200 162.60
1220 161.70
1260 168.09
1280 167.33
1300 166.57
1320 165.81
1340 165.05
1360 164.28
Temperature-dependent equation
v=a-bT
Mol % LiCl e b+ 10 Standard deviation
i} 2161 —381

15.0 216.6 —4.50 0.3

32.3 214.5 —5.28 0.1

46.7 211.0 —5.82 0.2

60.6 215.2 —6.75 0.2

75.0 2154 —7.92 0.1

89.8 ) 2162 - —7.99 0.2

100 214.86 —8.294

These values are based on the work of Smirnov et al. (maximum bubble pressure method) [251]. The temperature ranges were assumed to

be the same as given for the density data in [251].

BaCl:-MgCl:

T T T T T T T T

B -M .
1000l— cwCI2 gCI2 . N

800

Temperature (°C)

400 -

) | 1 1 1 . L
0 20 40 60 80 100
BaCl, MgCl,

Mol % MqCl,

Ficure 16. Temperature-composition phase diagram for
MgCl..

BaCl.-

C. Sandonnini, Atti della Reak. Acad. dei Lincei, (5)
21, 11, 634 (1912).

1
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Melt Preparation and Purification

Huber et al. [30] used C.P. analytical grade barium
chloride and prepared magnesium chloride from purified
PbCl. A slight excess of magnesium metal was added to
the PhCls in a bomb which was rotated for 90 minutes at
725 °C and subsequently placed in an upright position to
permit the lead-magnesium alloy to separate from the
molten MgCls. Analysis of the MgCl. indicated the melt
to be at least 99.79 pure.

Reding [150, 241] dried Baker and Adamson reagent
erade BaCl.-2H.O under vacuum for 12 hours at 200 °C
and then for 5 hours at 500 °C. The MgCls, obtained
from the core of anhydrous MgCls cakes (purchased from
titanium and zirconium dealers), was given the same dry-
ing treatment as BaCl..



PROPERTIES OF CHLORIDES AND MIXTURES 943

TasLe 175. Electrical conductance studies: BaCle-MgCl.

" TabLe 177. Density studies: BaCl:-MgCl.

Investigations critically re-examined

Investigations critically re-examined Ref. &Iﬁcﬁ% Tem?i‘l)range Comments
Ref. | 0gCl: | Temp. range Comments 30 | 0-100 | 977-1323 | Cell material: solid and hollow
- Mol % . .
fused-silica balls containing
30 0-100 | 998-1354 | Cell material: silica; Pt tungsten powder
electrodes; freq. range: 1000 .
Hz; calibration: saturated 150 | 19.6-100 1023-1198 | Cell material: Tungsten sinker
NaCl solution and Pt suspension wire (melt
" contained in stainless steel
I51*|  0-60 (g) | 1073 crucible) ; calibration: water
i
167 |354-100 ' 973-1173 . and CCL
Deviations from previous NSRDS recommendations: [1. pp. 6, 71 167" 0-95.2 | 1073,1023
MeCl . Comparisons with NSRDS recommendations
Ref. Mol 17; Min. departure Max. departure {1, pp. 6, 7 and this volume]
30 100 —026% (1242K) —172% (1064 K) Ref. &I‘ﬁc% Max. departure Min. departure
167 100 —0.25 1073K —5.49, 1173 K .
% . ) % ( ) 30 100 0.49% (1060K) 0.66% (1020 K)
30 0 —5.0% (1273K) —6.9% (1351K) 150 100 0.84% (1040 K) 0.86% (1160 K)
" *Equivalent.conductance vs. % composition was given in sraphical 167 95.2 —14% "(1073K)

form,
Comment: Brief remarks concerning reference [30] are given
under the system CaCl.-KCl.

TasLe 176, BaCl-MgCls: Specific conductance (ohm~! e¢m™1)
Mol % MgCl:

T 100 686 | 444 35.5 0
1000 1.03 i

1020 1.07

1040 1.10 1.63

1060 1.14 1.67

1080 118 1.72

1100 1.22 1.76

1120 1.26 1.81

1140 1.90 1.85 1.75

1160 133 | 189 1.80

1180 137 1.93 1.84 1.80

1200 141 . 197 1.88 1.85

1220 145 2.0 1.93 1.90

1240 149 2.04 1.97 1.95

1260 2.08 2.01 2.00 202
1280 2.11 2.05 2.05 2.08
1300 215 210 . 209 . 214
1320 ! 218 2.14 214 | 220
1340 221 2.18 2.25

Temperature-dependent equations
k=—a 4 bT + T2

. Stand.

Mol % MgCl. a b 108 ¢+ 106 error
of est.

0 —9.4111 14.8879 —4.6173 U.28%

35.5 —1.0464 24160 0 0.81%
44.4. —0.6872 21417 0 1.27%

68.6 —2.3019 5.2045 —1.3706 0.24%

100 -—0.8790 1.9065 0 0.39%

These values are based on the work of Huber, Potter and St. Clair
(classical ac technique) [30].

30 69.1 17% (1073K)

167 69.1 —0.04% (1073K)

167 19.6 ~0.33% (1173K)

30 ! 0 —37% (1260K) | .—3.9% (1280K)
167 0 0.22% (1273 K)

*Density values for the 19.6 and 0 mol % mixtures were reported
at temperatures of 1173 K and 1273 K, respectively. : .

Comments: Reding {150] applied corrections for the surface ten-
sion of the melt and for the variation of the volume of the sinker
with temperature. To ‘prevent salt vapors from condensing on the
suspension wire during a run, argon gas was passed through a
guide tube that surrounded the wire,
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TasLe 178. BaCle-MgCle: Density (g em™3) TasLe 179. Viscosity studies: BaCl-MgCl:
Mol 9% MgCl. Investigations critically re-examined
T 100.0 95.2 86.8 68.6 42.2 19.6 Ref. I{\;[oglc(}; ) Tmnf).T;)'ange Comments
1030 1.679 1.801 1.977 2.351 2.797 3.105
1040 1.676 1.797 1.973 2.344 2.789 3.097 151 0-100" 973-1358 | Cell material: Pt sphere and
1050 | 1673 | 1793 | 1968 | 2338 | 2782 | 3.090 Pt crucible; calibration: method
1060 | 1.670 | 1790 | 1963 | 2331 | 2774 | 3.083 tested on molten NaNOs, KCI
1070 | 1.667 178 | 1958 | 2325 ! 2767 | 3076 and with solutions of water,
1080 | 1664 | 1783 | 1954 | 2319 | 2750 | 3.069 nitrobenzene and aniline
1090 1661 L779 1.949 2312 1 2752 3.062 Deviations from previous NSRDS recommendations [1, p. 7]
1100 1.658 1.775 1944 2306 2744 3.055
1110 | 1655 | 1772 | 1940 | 2299 | 2737 | 3.048 Ref. | M&o Min. departure Max. departure
1120 1.652 1.768 1.935 2.293 2.729 3.041
1130 1.649 | 1765 | 1930 | 2287 | 2722 | 3.034 151 0 —9.1% (1309 K) —20.9% (1270 K)
1140 1646 1.761 1926 | 2280 | 2714 | 5026 “Graphical except tor pure salts,
1150 1.643 1757 1.921 2.274 2.707 3.019 Comment: Corrections were appiied for the volume expansion of
1160 1.640 L75¢ 1.916 2261 2.699 3.012 the platinum sphere and for the friction in air of those parts of the
1170 | 1.637 L.750 1911 2.261 2.692 3.005 suspension system projecting from the melt. The precision of the
1180 | - 1.634 i 1.747 1907 . 2255 2.684 2.998 viscosity measurements was reported to be =5% [151].
1190 1.631 I 1.743 1.902 i . 2.248 2.677 2.991
Temperature-dependem equations
p=a+bT
Mol % MgCl. a b« 104

19.6 3.836 —11

42.2 3.569 —1.5

68.6 3.010 —64

86.8 2.461 —4.7

95.2 2171 —3.6

100.0 1.988 —3.0

These values are based on the work of Reding (Archimedean

method) [150].

TasLe 180. BaClo-MgCl:: Viscosity (cp)

Mol % MgCl.

T 100 0
1010 215
1030 2.04
1050 1.93
1070 1.84
1090 175
1110 1.67
1130 1.60
1250 3.92
1270 3.65
1290 343
1310 324
1330 - 3.09
1350 2.98
Temperature-dependent equations
5 =a4 bT & T2 4 4T3
7= A+ exp (E/RT)
Mol % MgCla a b+ 102 ¢ 10° d 108 "4 .10t L Stand. error
: (cal mol™?) of est.
0 59.5251 —4.9023 —1.7083 1.65 1.62%
100 1.317 5607 1.32%

These values are based on the work of Bondarenko and Strelets (oscillating sphere method) [151].
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TasLe 181, BaCl:-MgCls: Viscosity (ep) TABLE 183. BaCl-MgClz: Surface tension (dyn cm™1)
Mol % BaCl, 973K 1023 K 103K o ’ Mol % MeCL »
1 . 203 ,-1.83 _ T _ 100.0 . ' 80.0 . .60.0 400 . 25.0
o 248 203 - 181 1030 725 | 854 | 1019 1220 | 1454
20 2.60 215 195 1040 24 850 | 1015 1206 | 1447
30 oo 2 243 215 1050 U722 82.7 10L1 1212 1449
40 3.46 28 247 1060 720 83 | 1007 | 1207 | 1433
50 . asT - 350 J 287 1070 719 880 | 1003 | 1203 | 1426
0 4.53 3.56 1080 7.7 836 | < 999 1199 . - 1419
These values have heen.mrerpolated»_to three significant figures 1090 . 716 83.3 99.5 119.5. 141.2
from the graphical presentation of Bondarenko and Strelets 1100 714 82.9 99,1 - 1191 140.5
(oscillating sphere method) [151). 1110 712 82.6 98.7 1187 139.8
1120 71.1 - 822 98.3 118.3 139.1
1130 0.9 T ole 97.9 1179 138.4
- 1140. 70.8 - 81.5 " 975 “117.5 137.7
1150 70.6 81.2 971 1171 1370
. ) ) ) 1160 | 70.4 80.8 96.7 . 116.6- 1363
Tarre 182, Surface tension studies: BaCl.MgCl, 1170 703 80.5 06.3 116.2. |. .135.6
; - AR " T 1180 - C 701 80.1 95.9 1158 . 1349
S investigations critically re-examined 1190 7.0 298 955 115.4 J 1342
n 70. . . 115,
Ref. MgClz ‘ Tgmp. range Comments Temperature-dependent equations
Mol % 1) v =t 0T
241 25-100 1023-1198 | Cell material: Pt-10%Rh s
! capillary and graphite crucible; Mol % MgCla i a b1
calibration: capillary diameter 250 2175 —7.0
measured microscopically 40.0:. 164.2 —4.1
- : - .0 143.1 —4.0
%7 | 0100 | - 9731273 o 1 oy
Deviations from previous NSRDS recommendations {2, pp. 59, 60] 100.0 89.0 —16
Ref. —I ggsl(:]n' Min. departure . Max. departure Theso values are based onv.t‘he work .of Reding {(maximum bul.ﬁﬂo
: ol % |. pressure method)} [241].
241 100 7.9% (1193 K) 9.0% _(1033 K)
167 | . 100 15% (1073K) - N
; . BaCl:-NaCl
167 0 |l —0.25% (1273 K)
Comment: Bondarenko and Strelets I167] feported surface tension
values at 800 °C and isotherms at 750 °C but gave no exact tempera
ture range for the mixtures studied. - N ) :
. . : T | L B ! L
1000 BaCl,- NaCl -
)
2 BOO
S .
s
-
Q
£
2 n
600 ]
I A L [ | —d I
o] z0 40 50 80 100
NaCl BCICI2
Mol % BoCly

Ficure 17. Temperature-composition phase diagram for BaCleNaCl.

H. Gemsky, Neues Jahrb. Mineral.,, Geol., Paliontol;,
Beil. Band., 36, 513 (1913}; J. Chem. Soc. (Lond.),
106, 51 (1913}.
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Melt Preparation and Purification

Vereshchetina and Luzhnaya [34] used “reagent grade”
salts which weire twive reaystalliced from water. Lantratov
and Moiseeva [74] used reagent grade materials without
further purification. To remove traces of oxides and water
BaCl, was heated in a current of HCl at 500--800 °C and
NaCl was fused in an atmosphere of HCl. Mixtures were
prepared by fusion of weighed quantities of the salts in
the measurement cell. Thoroughly dried HCl gas was
passed through the molten mixtures prior to experimental
measurements.

Sokolova and Voskresenskaya [233] used “chemically
pure” salts, recrystallized three times, dried at 250 °C and
stored over P.O;. Barzakovskii [63] kept the molten
recrystallized salts in a porcelain crucible under dry
HCl gas for 2-3 hours prior to use. Alabyshev and
Kulakovskaya [20] used “‘chemically anhydrous” salts
which were purified by an unspecified method.

TaBLE 184. Electrical conductance studies: BaCl-NaCl

Investigations critically re-examined

Ref. MN;C%) Temp, range Comments

20*0-100 (g) | 1073-1373

24*10-100 1073, 1173, 1273

34° 140.0-100.0 | 953-1113 Cell material: quariz;
: calibration: molten KCI at
| 800 °C

44*140-100 (g) | 953-1113

63 |0-100 9441407 Cell material: Pt; Pt

electrodes; freq. range:

300-1000 Hz; calibration:
1IN KC] and 30% H.SO.
solution

74¢(40-100 (g) | 1023-1113

151¢(47-100 (g) 1073 Cell material: quartz;
. calibration: 30% H.SO,

solution

167 [47-100 1023-1173 Cell material and calibra-

tion: as for 151

Comparicone with NSRDS recommendations {1, pp. 4,7 and
this volume]

Ref. RI/I\J:ICC;Z; Min. departure Manx. departure
34 100 —24% (1113 K) —2.8% (1073 K)
24 100 —2.7% (1173 K) —3.1% (1273 K)
63 100 —0.4% (1089 K) —3.1% (1273 K)

167 100 —2.3% (1123 K) —3.19% (1173 K)
34 64.6 0.6% ( 953 K) —8.3% (1113 K)
24 0 —5.9% (1273 K)
63 0 —5.5% (1245 K) —72% (1357 K)

TabLe..185. BaCl-NaCl: Specific conductance (ohm~1 cm™1)

Mol percent NaCl
T 100 87 76.05| 64.6 52 32,5 16.5 0
960 1.78
980 1.87
1000 1.96
1020 2.39 2.05 1.83
1040 245 | 213 | 191
1060 251 | 221 | 198
1080 286 | 257 | 229 | 2.05

1100 { 364 | 292 | 263 | 236 | 2.12
1120f 371 | 298| 268 | 243 | 219
1140} 376 | 3.03| 273 | 250 | 226
1160 { 3.81 | 3.09 | 278 | 256 | 2.32| 217
1180 3.66 3.14 2.83 2.62 2.38 2.25

1200 319 | 288 | 267 | 244 233 | 2.02
1220 3231 292 | 273 | 250 240 { 2.09
1240 328 | 297 | 278 | 256 | 247 | 216
1260 3.32 3.01 2.82 2.61 2,53 2.23 2.01
1280 336 3.05 [ 286 | 266| 259 | 229 |2.08
1300 340 | 308 | 290 | 271 | 264 | 235 |214
1320 3.43 269 | 241 ]218
1240 347 233 246 223
1360 3.50 252 |226
1380 3.53 2.57
1400 261

Temperature-dependent equations

x=a -+ bT 4 ¢T?

’ Stand.

Mol % NaCl a b-102 c- 10° error
of est.

0 ~18.4596 2.9011 —10.1297 247%
16.5 - 7.5250 1.2250 — 3.5782 0.65%
32,5 —11.2053 1.8833 — 6.2943 0.83%
52 — 4.6329 0.8854 - 24643 0.40%
64.6 — 0.6683 1.2884 . — 4.2384 0.62%
76.05 — 3.3793 0.8140 — 24368 1.33%
87 — 3.7821 0.9225 — 2.8480 0.31%
100 —10.9807 2.3203 — 9.0085 0.36%

These values are based on the work of the work of Barzakovskii
(classical ac technique) [63].

TaABLE 186. Density studies: BaCl.-NaCl

Investigations critically re-examined

NaCl Temp. range

Ref. Mol % tr)

22* {0, 16 1238-1378

24 | 0, 35, 50, 65, 80, 100 1073, 1173, 1273

34 | 40.0-100 981-1129

44" | 40-75 (graphical) 998-1073

89* | 0-100 (graphical for mixtures) 973-1273

152¢ | 40-100 (graphical) 1073

Deviations from previous NSRDS recommendations [1, pp. 4, 7}
Ref. I\];I(;C%, Min, departure Max. departure

34 100 —1.4% (1095 K) —15% (1123 K)

24 100 —0.33% (1173 K) -1.7% (1273 K)

22 0 0.02% (1243K) |  —0.19% (1323K)

24 0 —14% (1273K)

* Data from reference [63].

* Vereshchetina and Luzhnaya [34] found their quartz conductance
vessels to be attacked by the melt at high temperatures.

* Data from reference [34].

¢ Data from reference [167].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

* A platinum sphere was used as a float in the investigations
[22, 89). Bukhalova and Yagub’yan [89] do not report a temperature
range for the single salt density equations, ’

* Data from reference [34].

* Data from reference [89).
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Tasie 187. BaCl-NaCl: Density (g cm™2)
) Mol percent NaCl-
T 100 89.0- | 820 81 750 | 74 715 680 | 67 | 645( 610 60 | 575! 340 | 470 | 400
990 2384 2.518
1000 2203 2287] 2349 | 2.376 | 2.417| 2490 | 2.509 | 2552| 2.615
1010 2,198 2280 2.342 | 2.368 | 2.408| 2482 | 2499 | 2.544| 2604
1020 2.194 2272 2336 | 2.360 | 2.399| 2474 | 2490 | 2537| 2592
1030 2.189 2.265 | -2.330 | 2.352 | 2.300| 2.466| 2481 | 2529| 2580
1040 2.184 2958 | 2.323 | 2.343 | 2.381| 2458 | 2472 | 2522 2569
1050 [1.829}| [1.992} 2.180 2951 | 2.317 | 2.335 | 2.373| 2450 | 2463 | 2514 | 2557 | 2.647 | 2.753
1060 [1.826]] [1.989F| 2019 | 2.175| 2188 | 2.244| 2310 | 2.327 | 2.364| 2.442 | 2454 | 2.507| 2.546 | 2.637 | 2.745
1070 [1.823] | [1.987]| 2.013| 2170 2.184| 2236 | 2.304 | 2.319 | 2.355 | 2435 | 2.445 | 2.500| 2.534 | 2.628°|°2.736
1080 | 1535 : 2.007 2181 2311 2436 | 2522 | 2.618 | 2.728
1090 |- 1.528 2.002 2177 2.303 2:426 2511, 2.608 | 2.719
1100 | 1.522 1.996 2173 | 2.294 2417 2499 | 2599 | 2.711
110 | 1515 1.990 2,170 2.286 2487 |. 2580 | 2,703
1120 | 1.509 1.984 2.476 | 2580 | 2.694
Temperature-dependent equations
p=a- bT
Mol % NaCl a b+ 10° Stand. exror
40.0 3.6349 —0.8399 0.15%
470 3.6532 —0.9586 0.19%
54.0 3.7799 —1.1645 0.12%
575 3.2956 —0.7440 0.01%
60 3.4208 —0.9123 0.09%
61.0 3:2735 —0.7840 0.01%
64.5 3.3008 - —0,8840 0.02%
i 67 : 3.1909 —0.8150 0.06%
H 68.0 : 2.9889 —0.6400 0.00%
: 715 ; 3.0067 - —0.7200 0.00%
74 2.5799 —0.3698 " 0.01%
75.0 2.6709 —0.4680 0.01%
¥ 81 2.6378 . —0.5837 0.09%
| 82.0 12,2436} [—0.2400] 0.00%
: 89.0 [2.1654) [—0.32001 0.00%
100 2.2259 —0.640 0.00%

TaBLE 188. Viscosity studies: BaCl;-NaCl

TasLE 188. Viscosity studicg: BaCle-NaCl—Continued

These values are based on the work of Vereshchetina and Luzhnaya {Archimedean method) {34].

Investigations critically re-examined

Ref. I\lrl\{) %C(}le Tem?i‘range Comments
24 [0,25,50, | 1073,1173,1273
75, 90, 100
34* |40-100 9981148 Cell material: Pt sphere
i with Pt suspension rod
] enclosed in a glass tube;
! calibration: method tested
using molten NaNGQ;
151*|0-100" 973-1358 Cell material: Pt sphere,
Pt crucible; calibration:
water, nitrobenzene, aniline
at room temperature; KCI
and NaNO; at high
temperature

Deviations from previous NSRDS recommendations: [1, pp. 4, 7]

Ref. l‘?oalc%; Min, departure Max. departure
34 100 5.3% (1148 K) 6.3% (1098 K)
24 100 0.3% (1173 K)
151° 100 —6.3% (1231 K) —16.0% (1128 X)
24 0 13.0% (1273K)
151 0 —9.1% (1309 X) ~20.9% (1270 X}

" Vereshchetina and Luzhnaya {34] and Bondarenko and Strelets
[151] applied corrections for the volume expansion of platinum and
to the decrement of the damped oscillation .of the suspended system
in air, The accuracy of the viscosity determination was checked by
measuring the viscosity of molien NaNO;; the obtained data agreed
to +=2% with literature values. )

* Mixtures reported graphically.

v. rays. Chem, lief. Data, Vol. 4, No, 4, 1975
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TasLe 189. BaCl-NaCl: Viscosity (cp) Tasig 190. Surface tension studies: BaCl,-NaCl
Mol percent NaCl Investigations critically re-examined
T 100 T 8l | 74 | 67| 60 | 54| 47 | 40 Ret. 1\}[\1081%5 Tem?.T;ange Comments
1000 ; 318 | 338! 3.98 ]4.51
1010 3.04 | 325 | 3.81 }4.28 167 | 0-10¢ 1073
1020 2.92 1 3.5 | 3.65 | .06 233*| 0-100 | 1075-1273 | Cell material: Pt-Rh capillary
1030 2,58 | 2.80 | 3.02 | 349 |3.87: 4.05 {melt container) ; calibration:
1040 247 | 269 | 392 | 3.35 | 368 | 3.87 capillary diameter determined
1050 237 | 258 | 282 | 322 {351| 371 , 381 with microscope, checked with
1060 228 | 249 | 273 | 310 |2.36| 356 | 3.8 meastrements on water and
1070 220 | 240 | 266 | 299 |323| 343 | 356 molten NaCl
1080 - 212 (232|259 296 |311| 3.30 | 345
1090 2.04 | 225 | 253 | 281 {3.00( 319 | 3.35 2441 0-100 (g) 1075-1175
1100 1.42 108 | 210 | 2481 274 | 202§ 310 | 327 . v
1m0 | 136 | 192 | 214 | 244 | 268 | 285| 302 | 320° 250 2612’5236 1173, 1273
1120 1.30 | 1.86 | 2.10 | 240 | 2.64 |2.80| 296 | 3.15 g
1m0 | 125 182 | 208 | 238 | 260 |277| 201 | 310 | 90, 100
1140 1201 178 | 2.04 { 237 ;: 2.58 $275] 288 | 3.08 : Comparisons with NSRDS recommendations»
2 12, pp. 57, 60 and this volume]
Temperature-dependent cquations
n :n a:-; ZZT;X';' Eg;;})‘”a Ref. IJ[\I cflC%, Min. departure Max. departure
Stand. 250 100 0.2% (1173K)
Mol % NaCl a b+ 102 ¢+ 10° d + 108| error 250 80 0.4% (1173 K)
of est. 250 50 44% (1173 K)
40 452315 | — 2.5851 | ‘— 5.0127 | 3.5409 | 0.88% 233 0 24% (1239 K) 3.2% (1273 K)
47 —27.5715 18.5037 | —25.2516 | 9.9680 | 1.52% 250 o 5.2% (1273 K)
54 48.0262 | — 1.2149 | — 82738 | 5.1366 | 1.91% *Sokolova and Voskresenskaya [233] corrected for the depth of
60 36.8416 | — 11175 | — 5.8275 ) 3.6593 | 1.31% immersion and thermal expansion of the capillary. The temperature
67 32,6395 | — 21266 : — 3.1961 | 2.3969 | 0.62% variation of the surface tension of mixtures containing large quanti-
4 34.6255 | — 2.7972 | — 2.4482.| 2.1007 | 1.04% ties of NaCl was not investigated above 900 *C due 1o compositional
81 33.1327 | — 3.5723 | — 0.6575 | 1.2093 | 0.68% changes arising from evaporation of NaCl. The experimental error

Comment: For 100 mol % NaCl, A = 1.13¢ x 1077 E — 10553  Teported was within £1%.
cal mol~1; standard error of estimate = 1.58%.

These values-are based on the work of Vereshchetina and Luznaya
(oscillating sphere method) [34].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLe 191.. BaCl:-NaCl: Surface tension (dyn cm"i).

‘Mol percent NaCl

. 100

Melt Preparation and Purification

Boardman et al.

949

[26] use&ranalyti.cal reagent purity

: . 80 | 7. 50 [ a0 [ 30 20 0 salts and their mixtures were analyzed for total chloride.
1080 | 11351 122.0 | 126.5 | 132.7 Lantratov and Alabyshev [165] used “chemically pure”
;?gg Ezi 12(1)5 :1[,?7.62 ig?é Q grade barium and lead chloride. The salts were recrystal-

.7 5. .
1110 | 1114 | 1200 | 1251 | 1309 | 1453 ! (xzc?g frox:ll their hydrochloric ZCIS sc})‘lutljans z}tlnd _tiace's of
1120 | 110.7 | 119.4 | 12461 1303 | 144.7 oxide ana water were remove " y ‘heating the saits 1 a :
1130 | 1099 | 1188 | 124.1 | 1207 | 1441 current of dry HCI at 500-800 °C.
1140 |-109.2 | 11811 123.7) 129.1 | 1435
1150 {1085 '117.5 | 123.2 | 1285 | 142.9 TasLe 192. Density studies: BaCl-PbCi.
1160 | 107.8 | 116.8 | 122.7} 127.9 | 142.3 :
1170 | 102.1| 116.2 | 122.2| 127.3| 1417} 1493 Investigations critically re-cxamined *
1180.| 106,3 | 1156 | 1217 | 1267 | 1412 1488 | . - : Phcl [ Temprange | oo .
1190 | 105.6 121.3 | 126 | 140.6| 148.3.| 156.1- Ref. |- o1 ep {7y €| Cell material l Calibration
et B o By R 9| 0-100] 795-1013 | Pt bob Water (17 °C)
1990 | 103' ] - - S 26| 69.4-100| 789-983 | Silica dilatometer | Molten AgNOs .
22 |] .5 128.8 | 146.5 | 154.1 165 0 873-973
11230 1027 ; 138.2 | 146.0 | 153.5 | - - -
1240 | 102.0 | 137.6 o 169.1 Comparisons with NSRDS recommendations:
1250 i 168.7 '[1, p. 13 and this volume} '
1260 : 168.3 PLCL E e i - o
1970 | 167.6 Ref. Mol % Min, departure ‘ Max. departure
Tempetaiure dependent equations 9| - 100 - ~0.76% (940K) b —090% (300K)
L y=a4 8T : 91" 100 —0.72%(950K) | —090% (800K)
. o ’ : . Stand. Comment;. Boardman et al. {26] have siated that the’ Arctin'r'\ek]ean
Mol- ""I\__JaCI e b' 10 eg‘ror method of determining densities may give values which are too low
oF est when  the salt is somewhat volatile, due to condensation on the
0 214.2 —3.6 0.12% suspension .wire,
%ﬂ 2354 _‘"’5‘7 0.209, The dcnslly values of ref, [26] “for pure PbhCL arc thoac recom:
(] 213.8 —5.5 0.14% 4 NS DS-1, .
40 2107 - —59 0.23% mended:in NSR
gg - 197.1 —6.0 - - 0.10%
I 1 A e Tasie 193. BaClePbCle: Density (g om™).
100 191.2 —7.2 0.18%

These values-are based:on-.the -work
akaya (max:mum bubble pressure method) [233].

BaC'z PLCL

— T T T T

: +PbCH, - : }
ook BaCl;PbCl, -]

w
o .
o

o
o
[o)

Temperature (°G)

- 400 - . ~
. 1 A I o
0. . . 20 ‘ 40 60 80 100
BaCl, - . PbCl,
Mol % PbCIz
Freunc 18, Tgﬁpcrulmcvcompositio;x phase diagram for BaCl..

PbCl..

F. Hofiman, Neues Jahrb. Min. Abt, Beil Bd, 55,
149 (1926).

E. 1. Banashek, lzvest. Sektora Fiz.-Khim. Anal ‘Akad.
Nauk, S.S.S.R., 20, 109-{1950). Translation Monthly
R-4044 (1958).

S. D. Gromakov, Zhur. Fiz-Khim., 24, 641 (2950).

of Sokolova and Voskresen-

Mol percént_PbCh ’

T 100 862 | 803 69.4
790 4.921 —\
800 - -4.912- -
810 4.897
820 . 4.882
830 4,867 v
840 4852 ! 4065 Ao
850 4,837 f 4651 | 4572 ]
860 4822 . | 4.638~ 4,558
870 - 4.807 ‘ 4.624 4544
880 - 4702 | 4.611 4531
890 4777 4.597 4.517
900 4,762 f 4.584 4.504
910 4.747 4.570 -« 4,490
920 -3 4732 - 4.557 4476 -
930 : | 477 4543 4463
940 [ 4.702 4.530 4.449 4.309
950 - 4.687 4516 | 4436 4,297
960 ° | 4.672 4503 4422 4,284 -
970 4.657 4,489 \ o 4274
980 - 4642 . 0 4.258
Temperature-dependent equations
p=a- b7
Mol % BbCly . a b 108
100 6.112 -1.50
86.2 5.799 —1.35
80.3 5.720 —~136
69.4 5.503 ~1.27
These values are based on the work of Boardman et al. (dilato-

metric method)- [26],

3. Phys. Chem. Ref. Data, Vol. 4, No. 4,1975
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Ficure 19. Temperature-composition phase diagram for BaCl--RbCl.

S. D. Gromakov, Zh. Fiz. Xhim., 24, 641 (1950).

Melt Preparation and Purification

In their surface tension studies, Bertozzi and Soldani
[244] used carefully dried Merck and B.D.H. salts of
analytical purity without further purification.

TasLE 194. Surface tension studies: BaCl-RbCl

Investigations critically re-examined

Ref. - RbCl Temp. range
Mol % (N
{244]* 0-100 (g) 1123

*These authors report a reproducibility of 0.5% in their surface

tension measurements.

TabLe 195. BaCl-RbCl: Surface tension (dyn cm™1)

Mol % RbCl 123K Mol % RbCl 1123K
0 86 G0 116
10 91 70 124
20 95 80 136
30 100 90 155
40 105 100 184
50 110 '

These values have been interpolated to three significant figures from the graphical presentation of Bertozzi and Soldani (Wilhelmy slide

plate method) [244].

BaCl2-ZnCl:

1000

800

600

400

Temperature (°C)

2001

T T T

BaCl, - ZnCi,

1

(o}
ZnCl,

]
20 40 60

Mol % BaCl,

80 100

BaCly

Ficure 20. Temiperature-composition phase diagram for BaCl..

ZnCl..

Carlo Sandonnini, Gazz. chim, ital., 44 1, 353 (1914).

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

Melt Preparation and Purification

Lantratov and Alabyshev [165] used “chemically pure”
barium chloride and “anhydrous™ zinc chloride (Schering
Co.). The barium chloride was recrystallized from hydro-
chloric acid and traces of oxide and water were removed
by heating the salt in a current of dry HCl at 500~800 °C.
Traces of moisture were removéd from ZnCly by fusing
the salt at 400 °C in the presence of metallic zinc for 2-3
hours; after which the molten ZnCl, was decanted off and
a stream of dry HCl was passed through it for several

hours.
TasLe 196. Density studies: BaCl-ZnCl,
Investigations critically re-examined
ZnCl, Temp. range
Ref. Mol % £
165 40 873-973
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TasLE 197. BaCloZnCl: Density (g cm™3)

Mol percent ZnCl,

T . . : 50

880 ' 3.024
890 3.017
900 3.010
910 ' 3.004
920 2,997
930 2.991
040 2.984
950 2978
960 2971
970 o 2.964

Temperature-dependent equations
) p=a+4 bl
-Mol % ZnCl. : a . b 108 -
' 50 - 26008 —0.656

These values are based on the work of Alabyshev and Lantratov

(Archimedean method) [165).

BeCl:-NaCl
13 ‘ LN \ 1 ‘f 1 ‘ a
cool-  BeCiy-Naci

:G'
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- o i
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®©
1 | L L L 1% - L
o - 20 40 © 80 8¢ - 100
BeCI2 . ’ ) - NaCl
: Mol % NaCl

Frcure 21.. Temperature-composition phase diagram for BeCle-NaCl.

E. Furby ‘and'K. L. Wilkinsqn, J. Inorg. and Nuclear .

- ‘Chem., 14, 123 (1960).

Melt Preparation and Purification

Delimarskii ot al. [69] prepared  their  beryllium
chloride from the pure metal which was chlorinated in a
quartz tube contained in an electric furnace. The BeCly'
was then fractionally distilled in a stream of hydrogen
and the pure snow-white crystals were stored in sealed
test-tubes. The pure preparation contained 0.0004% Al,
and 0.004% of the remaining metals: Fe, Cu, Ni, Zn, Cd
ete. “Chemically pure” grade sodium chloride was recrys-
tallized from doubly-distilled water, dried and finally
heated in a muffle furnace.

TaBLE 198, Electrical conductance studies: BeCl-NaCl

Investigations critically re-examined

Ref. NaCl Tem{Jir;;ange Comment

Mol %
69 | 21.52-60.56

Cell material: quartz; Pt
electrodes: freq. range: 6000
Hz; calibration: mo]ten‘ _KNO,

533793

Cémment: Delimarskii et al, [69] tested the reliability of their ac
conductance bridge and cell by measuring the ‘electrical conductance

‘of fused soedium nitrate at various temperatures. They compared

their values with those of Goodwin and Mailey, and Jager and
Kapma and found departures of 0.30% (763K) to 1.65%- (623K) .-
and 0.00% (763K) to —0.88% (673 K), respectively.

J. Phys. Chem. Ref. Data, Vol. 4, No, 4,1975.
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TasLe 199. BeCl-NaCl: Specific conductance (ohm™ cm™1)

Mol percent NaCl

T 69.56 | 68.05 | 6491 | 6223 | 61.57 | 5847 | 56.81 55.14 | 4926 | 48.37 | 45.08 | 43.83 | 4232 359 21.52
540 0.446 0.434 0.324
550 0.491 0478 0.363
560 0.613 0.588 | 0.536 | 0.521 | 0.401 | 0.436 | 0.347
570 0.663 0.638 | 0579 | 0.564 | 0.439 | 0.479 | 0.386
580 0.718 { 0.710 0.686 | 0.622 | 0.605 | 0475 | 0.521 { 0.425
590 0.765 | 0.756 0.732 | 0.664 | 0.646 | 0511 | 0.562 | 0.463
600 0.811 | 0.800 0.777 | 0,705 | 0.686 | 0.547 | 0.602 | 0.501 | 0.391
610 0.855 0.842 0.820 0.740 0.726 0.581 0.640 0.538 0.415
620 0.775 { 0.816 | 0.808 | 0.883 0.862 | 0.785 | 0.764 | 0.615 | 0.678 | 0.576 | 0.439
630 0.821 | 0.856 | 0.939 | 0.921 0.902 | 0.825 | 0.802 | 0.648 | 0.714 | 0.612 | 0.464
640 0.882 | 0.866 | 0.896 | 0.979 | 0.958 0941 | 0.863 | 0.839 | 0.681 | 0.749 | 0.649 | 0.488
650 0.926 0.908 0.935 1.018 0.993 0.970 0.901 0.875 | 0.712 0.782 0.684 0.513
660 0968 | 0949 | 0.972 | 1.055 | 1.026 1.014 | 0937 | 0.910 | 0.743 | 0.815 | 0.720 | 0.537
670 1.009 | 0988 | 1.009 | 1.091 | 1.058 1.048 | 0974 1 0945 | 0.773 | 0.847 | 0.755 | 0.562
680 - 1048 | 1.025 | 1.044 | 1126 | 1.087 1.081 | 1.009 | 0.978 | 0.803 | 0.877 0.586 | 0.204
690 1.085 § 1060 | 1.079 | 1159 | 1.115 1112 | 1.044 | 1.011 | 0.832 | 0.906 0.610 { 0.223
700 1121 | 1.093 | 1112 | 1191 | 1141 1.142 | 1.078 | 1.043 | 0.860 0.635 | 0.242
710 : 1155 | 1124 | 1.145 | 1.221 | 1.165 1171 | 1111 | 1.075 | 0.887 0.659 | 0.261
720 1.167 | 1.187 | 1154 | 1.176 | 1.250 | 1.188 1.197 | 1.144 | 1105 | 0.914 0.280
730 1.204 | 1218 | 1181 | 1.206 | 1.278 | 1.208 19222 | 1175 | 1135 | 0940 0.299
740 | 1261 | 1240 | 1.247 | 1.207 | 1235 | 1.304 | 1.227 1.247 | 1.206 | 1.164 | 0.965 0.318
750 | 1288 | 1274 { 1.274 | 1.231 | 1.263 | 1.329 | 1.244 1269 | 1.237 | 1.192 | 0.989 0.337
760 |1.315 | 1.306 { 1.300 | 1.253 | 1.291 | 1.352 1.219 | 1.013
7170 1.343 | 1.336 | 1.324 | 1273 | 1317 | 1374 1246 | 1.036
780 | 1.371
790 | 1.400
Temperature-dependent equations
x=a-} bT | T2 )
Stand.
Mol % NaCl a - b 108 ¢+ 108 error
of est.
21.52 —1.0883 1.9000 0 0.42%
359 —1.0753 2.4429 0 0.73%
42,32 —2.4793 6.1653 —1.9971 1.16%
43.83 —3.8265 10.8574 —5.7950 0.89%
45.08 -—2.0458 7.0177 —3.6060 0.98%
48.37 —3.1356 8.7679 -~3.9971 0.63%
49.26 —3.0648 8.4736 —3.6509 0.75%
55.14 —4.5671 13.4067 —17.5007 0.57%
56.81 —5.01905 15.0020 —8.0877 0.749%
5847 —4.3739 12,7887 —6.9134 0.33%
61.57. —3.7502 10.6043 —5.2258 0.39%
62.23 —5.7221 16.2448 —9.2991 0.86%
64.91 —5.4067 15.1636 —8.3406 0.38%
68.05 —6.0628 16.2559 —8.6323 0.19%
69.56 1.0804 —2.1374 3.2183 0.18%

These values are based on the work of Delimarskii et al. {classical ac technique} [69]).
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BiCl:-GaCl-
250 — —

BiCl,~GaCly

200

150}

100

Te,mbem’rure (°Q)

50}

. |
o 25 50 75
GaCly '

100

_ BICi,
_ Mol % BiCls ;
Freure 22. Tcmp;:rature-ou‘mpoaiLiun :phaac diagram Io;' BiCls-Galls.

1. C. Coditurier, Compt. Rend,, 264, 1378 -(1967).

Melt Preparation and Purification

Couturier [64] prepared the bismuth and gallium
chlorides from the pure metals and chlorine .gas. The
reaction of bismuth metal with chlorine . gas was car-
ried out in a specially designed quartz -apparatus; the
resulting BiCl; was sublimed -under fiitrogen in a quartz
tube. Gallium was purified by bubbling Cl; through the
molten liquid, followed by a distillation under €O, and a
--vacuum distillation. Analysis consisted of EDTA titrations

for the: meétals and a. potentiometric titration for total
chloride using AgNOs, '

TABLE. 200. Electrical conductance studies: BiCly-GaCls

Investigations critically re-examined

GaCl Temp. range
Ref, Mol 7‘; T
64 ' 15-85 (g) 456.2,509.2, 521.2

Comment: - Couturier [64] reported a precision of 1% in his con-
ductance measurements.

953

Tabiz 201. BiCl-GaCls: Specific conductance (ohm™* cm™?)

" Mol % : . ;

| Mol 7 456K 509K - S1K
[} 0.016
10 0.042 0.024
. 20 0.048 0.060
30 0.056. 0.068
4 | 0066 . 0.078 . 0.092
50 . . 0.096 0.112
60 ) 0.122 0.144
0} © 0156 0.184-
80 o . 0200 . . 0230
9% - : - o248 0276 -
100.. - | < . 0308 0332

These values have beeninterpolated .to three’ significant figures
from the graphical presentation of Couturier (classical ac _tgch-'
nigque) [64]. . - : ’ : ’

CaCl2-CsCl
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FIGURE 23. 'l'emperature-composition phase diagram ‘for: CaClz-CsCl.

E. P. Dergurov and A. G. Bergman, Dokl. Akad. Nauk.
S.S.S.R,, 75, 815 (1950){

Melt Preparation and Purification

Lehman [237] initially dehydrated “Baker Aralyzed
Reagent” CaCl;-2H,0 at 130 °C for 2-3 days and then
dried the anhydrous salt for 2 days at a temperature
slightly below the melting point. The system was periodic-
ally flushed with HCI to remove water vapor produced.
The temperature was then raised above the melting point
and HCl was replaced with dry N,. Cesium chloride
{Fairmont Chemical Company) was first dried at 150 °C
and then, in preparation of mixtures, was dried in a HCl
furnace following the same procedure used for drying
CaCl,. EDTA titrations were carried out for Ca analysis.”

J. Phys. Chem. Ref. Dat, Vol. 4, No. 4, 1975
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TasLE 202. Density studies: CaCl:-CsCl TABLE 203. CaCl-CsCl: Density (g em™3)
Investigations critically re-examined- Mol percent CsCl
Ref. M%slc,}o T"’“f"T’;a“g" Comments T |1000{87.8) 750 |58.8 |51.2384[292 (193131 0.0
237 | 0-100 | 10851327 | Cell material: Pr-10%Rh 10401 2.66 | 2.60
capillary, alumina crucible as 1050 2.64 12.59
melt container; diameter of 1060 | 2.63 | 2.58
capillary measx,lred microscop- 1070 2.61 | 2.57 2131 2.16
ically; calibration: mohen KC1 10801259 1255 212} 215 -
’ ' - 1090 | 2,58 |2.54 211} 2,13
330 0-100 1173-1223 1100 | 256 253 2.11] 2.2
s : ; 1110 | 2.54 {2.52 1 210] 2.10
Deviations from previous NSRDS recommendations: [1, pp. 6, 7] 1120 | 253 (2,51 | 2.39 210! 2.00
Ref. I\/ﬁzslc‘;b Min. departure Max. departure 1130 | 2.51 12,50 | 2.40 209 2.07
[ 1140 | 249 240 208] 2.05
237 100 —0.03% (1035K) —3.5% (1156 K) 1150 | 248 241 2081 2.04
1160 242 2.07 | 2.02
237 0 0.12% (1109K) 7.5% (1069 K) 1170 242 206 | 2.01
Comment: Lehman reported a standard deviation of less than 1180 ] 2.06| 1.99
+1% (0.4 to =0.7% for majority of results) for density. 1190 2.09 1205
1200 - 209 2.04
1210 2,09 2.04
1220 2091203
1230 2.08
1240 2.08
1250 213 2.08
1260 212 2.08
1270 2.26 211} 2.07
1280 2.26 2.10| 2,07
1290 2.27 217} 2.09} 2,07
1300 2.27 2161 2.08
1310 2.27 2.15}) 207
1320 2.27 213
1330 2271227
Temperature-dependent equations
p=a-+bT
Stand.
Mol % CsCl a 5108 error
of est.
0.0 3.8131 —1.5428 1.96%
13.10 2.8162 —0.6441 - 1.06%
19.30 2.3585 —0.2236 0.78%
29.20 3.2884 ~—0.9285 0.30%
38.40 - 3.8335 —1.2887 291%
51.20 —1.6372 2.9656 0.58%
58.80 22372 0.0213 2.66%
75.00 1.6350 0.6731 1.07%
87.80 3.8243 —1.1758 0.59%
100.00 4.3740 —1.6505 0.50%

These values are based on the work of Lehman (modified maxi-
mum bubble pressure methad) {2271.
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TABLE 204. Surface tension studies: CaCly-CsCl

955

TaBLE 204. Surface tension studies: CaCly-CsCl—Continued

Investigations critically re-examined

Deviations from previous NSRDS recommendations: [2, pp. 58, 60}

Ret N(I:oslcclyg Tem_}aj‘l)'ange Comments Ref. MCoslcgb Min. departure Max. depgrture
237 | 0-100 | 1035-1327 |Cell material: Pt-10%Rh 237 100 —16% (1100K) —2.8% (1035K)
capiﬂu.ry,va]umina.' crucible as 237 0 2.1% (1069 K) 3.5% (1109K)
melt container; diameter of :
capillary measured microscop- Comment: A maximum probable error of +0.6% in surface ten-
ically; calibration: molten KCl sion values was reported by Lehman,
"TaBLg 205. CaCl-CsCl: Surface tension (dyn cm™%)
- Mol percent CsCl
T 100.0 878 75.0 58.8 51.2 384 29.2 19.3 13.1 0.0
"1040 80.14 85.31
1050 79.53 84.51
1060 78.93 83.91
1070 78.32 83.21 119.94 149.05
1080 77.71 . 82.50 119.52 148.78
1090 71.10 8180 119.09 148.51
1100 76.50 81.10 118.67 14824
1110 75.89 80.40 118.25 147.97
1120 7528 79.70 8258 117.82 147.70
1130 74.68 T 79.00 81.66 11740 147.42 -
1140 74.07. : . 80.74 116.97 14-7.1_5
1150 73.46 79.82 116.55 146.88 -
1160 78.90 116.13 146.61
§¥()] 71.98 115.70 146.34
1180 115.28 146.07
1190 108.03 114.86
1200 10748 11443 -
1210 - 1U6:93 11401
1220 106.38 113.58
1230 105.83
1240 105.28
1250 95.92 104.73
1260 95.36 104.18
1270 7744 94.79 103.63
1280 . 1648 94.23 103.08.
1290 - 75.52 86.95 93.67 10253
1300 7456 86.20 93.11 : '
1310 73.60 85.62 92.55
1320 72.64 84.96
1330 71.68 7562
Temperature-dependent equations
y=abT
’ Stand.
Mol % CsCl a b+10% error
. " of est.
0.0 178.1292 —2.7173 0.27%
13.1 165.2924 —4.2384 0.11% .
19.3 173.5487 —5.5056 0.20%
292 166.0696 —5.6122 0.67%
-384 1725632 —6.6366 0.16%
512 312.9067 —17.8409 0.36%
58.8 199.2852 —9.5940 0.49%
75.0 185.7609 —9.2123 - 1.39%
87.8 158.2487 —17.0134 0.85%
100.0 143.3111 . —6.0740 0.91%

These values are based on the work of Lehman (maximum bubble pressure method) [237].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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CaCl:-KClI
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Ficure 24. Temperature-composition phase diagram for CaCl.-KCl.

T. Sato and T. Amano, Kinzoku-no-Kenkyu, 11, 549
(1934). ’

Melt Preparation and Purification

Huber et al. [30] used C.P. analytical grade chloride
salts. The mixtures were melted in a porcelain crucible
and transferred to an electrolytic cell; after each set of
measurements an analysis of the mixture was performed.

Pavlenko [28] prepared anhydrous CaCl; by baking
and dehydrating the hexahydrate salt; “chemically pure”
grade KCl was recrystallized and baked.

Lillebuen [130] and Grjotheim et al. [133] used KCI
(Baker, p.a.) and CaCly;-2H.0 (Merck, p.a.) as starting
materials. The KCl was heated at 500 °C under moderate
vacuum to remove moisture. CaCly-2H,0 was dehydrated
by heating to 400 °C under an atmosphere of dry HCl gas.
When necessary the melt was filtered through a quartz
frit into a quartz tube in order to remove solid oxide
impurities. The salts were kept in a dry box and all subse-
quent work was carried out under an incrt gas atmosphere.
Chioride analysis was performed by titrating with silver
nitrate. '

Grjotheim et al. [109] used analytical grade quality
CaCly-2H,0 and KCl as starting materials. Purification
of KCl initially involved drying at 300 °C and then melt-

ing under vacuum. The salt was slowly recrystallized from

the melt and only clear crystals were used. The dihydrate
salt of calcium chloride was dried at a temperature of
50-70 °C under a vacuum of 10-! mm and with a flow
rate of 4 1/min of HCl gas passing over the salt. The
temperature was then gradually increased to 400 °C. After
cooling the CaCls in an atmosphere of dry argon the salt
was transferred to a filtration vessel in a dry box. Dry
HCI gas was then bubbled through the molten salt for a

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

period of two hours, followed by dry argon and finally
the apparatus was evacuated causing the melt to filter
through the quartz [rit. Samples were sealed ofl and stored
in a dry box until used. The drying process for CaCly
took less than two days.

Lehman’s [237] purification of CaCly is given under
the system CaCly-CsCl. “Baker Analyzed Reagent” KCl was
dried at 500 °C for 12 hours and later stored in a desic-
cator containing Drierite.

TaBLe 206. Electrical conductance studies: CaCl.-KCl

Investigations critically re-examined

Ref. M]f)f{% Tcmp’Tmnge Comments
12 0-100 1073,1123, | Cell material: quartz or silica
1173, 1223 U-tube; Pt elecirodes; calibra-
tion: 1IN KCl solution
30 0-100 973-1223 | Pt electrodes; freq. range:
1000 Hz; calibration:
saturated NaCl solution
109 0, 20,40 973-1174 | Cell material: AL:O; tube in a
60, 70, 100 { quartz tube container; Pt
1 electrodes; freq. range: 2000—
20,000 Hz; calibration: 1N KCl]
solution and saturated NaCl
| solution
94° 0-100 1073
160* 0-100 1073
171 0,30,50 |~973-1173 | Cell material: quartz; Mo
70,100 (g) electrodes; freq. range: 20,000
Hz
218 |eutectic (g) | 1182-1384
331 | 0-100 (g) 973-1273
Comparisons with previous NSRDS recommendations:,
[1, pp. 5, 7 and this volume]
Ref Kal Min. departure Max. departure
: Mol % - dep - dep
12 100 2.7% (1173K) 34% (1073K)
30 100 0.21% (1126 K) —2.8% (1042K)
109 100 0.08% (1150K) —0.59% (1124 K)
12 100 3.7% (1076K)
30 100 0.4% (1123K)
12 0 —5.1% (1123K) —62% (1173K)
30 0 —8.8% (1109K) —11.5% * (1223 K)
109 0 —0.94% (1073 K) —3.8% (1174K)
12 0 —2.4% (1173K)
30 0 —6.5% (1125K) —6.7% (1111K)

“Data (equivalent conductance) from {12].

Comment: The conductivity cell of Grjotheim et al. [109] con-
sisted of an AlOs tube, which carried the platinum electrodes, and
a quartz tube containing the salt mixture. The apparatus was placed
inside a second outer quartz tube which could be evacuated to a
pressure of 1075 mm Hg. Experiments were performed by melting
the dried mixtures under vacuum and fijftering them through a
quartz frit into the inner quartz containing tube. After evacuation to
107* 10 107° mm Hg, the cell was filled with dry nitrogen at 0.5 atm
and placed in a furnace (“general purpose laboratory furnace”).
When the salt had melted the Al:O; tube, containing the electrodes,
was lowered into the melt and measurements were taken. Resistance
changes over the frequency range 2 to 20 kHz amounted to 2bout
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8% and extrapolations to infinite frequency - were approximately 3—
5%. Based on the scattering and uncertainties in:the determination
ot the cell constant the authors estimate a standard deviation for
their data of =1.5%.

Huber et al.-{30] report an accuracy of 1.0% in their bridge
measurements and Emons et al. [171] claim 0.5-0.6% reproducibility
in the temperature interval 5001000 °C,

TABLE 207. CaCl:-KCl: Specific conductance (chm ™2 ¢m %)

Mol percent KC1

T 100 80 | € 40 20 0
1000 1.446 ’
1010 1.478 1.249
1020 1.509 1.280
1030 1.541 1.311
1040 1.572 1.342
1050 1.604° 1.374
1060 - . 1.592
1070 1.626
1080 | 2.245 1.463 1.660
1090 2:270 1.490 1.694
1100 2.294 1.517 1.728 2.192
1110 2.319 1.545 2.228
1120 | 22344 2.965
1130 2.368 2.302
1140 | 2.393 1 2.339
1150 2.376
1160 . . 2.413
1170 | : 2449
Temperature-dependent. equations
: r=a+ bT
o Stand.
Mol 9% KCl1 a b 108 erToT
- of est.
0 —1.8599 3.6831 0.19%
20 —-2.0217 32,4089 0.14%
40 —1.8903 3.1085 0.24%
60 —1.4617 2.7083 0.21%
80 —1,7129 3.1590 0.23%
100 —0.4161 24642 0.18%

These values are based on the work of Grjotheim et al. (classical

ac technique) [109].

‘TaBLE 208. Density studies: CaCl,-KCl

Investigations critically re-examined

: Temp. .
RPf ‘Mol % . empTrange Comments
12 | 0-100 | 1073,1173. | Cell material: Pt cylinder, Pt
N wire
28 0-100 1063-1167 | Cell material: Pt sphere, Pt
“wire; calibration: molten
) KNO;, NaCl, LiCl
94* 10-100 (g) 1073.
130 0-100 10571179 | Cell material: Pt~109:Rh
o sinker, Pt-10%Rh suspension
wire; calibration: water
133¢ 0-100 . 1073 Cell material: Pt-10%Rh
sinker, Pt-10%Rh suspension
wire; calibration: water

TABLE 208. Density studies: CaCl:-KCl—Continued

Tnvestigations critically re-examined

"KCl Temp. range )
Ref. Mol % %8 Comments!

163° 49.6 1013 Cell material: Pt sphere, Pt
wire

171 0, 30, 50, Cell material: Mo bob

70,100 |~923-1173 _

237 0~i00 1066-1193 | Cell martertal: Pr-10%Rh
capillary, melt contained in -
alumina crucible; calibration:
diameter of capillary measured
with microscope; calibration:
molten. KCl

330 | 0-100 1073

~Comparisons with previous NSRDS recommendations:
[1, pp. 5, 7 and this volume]

Ref. hhﬂ% l| Min. departure Maxj departure

133 100 0.33% (1073 K}

237 100 —0.93% {1101 K) —2.20% (1191 K)

12 100 —13% (1073K) )
28 100 —1.3% (1096K) —14% (1073K)
12 50 0.129% (1173 K) —0.50% (1073K)
28 50 —0.22% (1073 K) 0.35% (1173K)

163 50 —1.29% - (1073K) :

12 0 —1.07% (1123K)
28 0 —0.69% (1157K) | = —0.87% (1111K) .-

130 0 0.0% (1066'K) 0.10% (1142K)
133 0 —0.05% (1073K)

237 0 0.12% (1109K) 7.5% (1069K)
12 0 —0.72% (1073K) —1.0% (1123K)__
28 0 —0.73% (1123K) | —0.96%-(1073K)
12 100 —099% (1073K) | —124% (1173K)
28 - 100 —0.89% (1167K) - —=112% (1071 K} .

130 160 0.20% {1123 K) 0.33% (1073K)

*Data from reference [130].

*Data from reference [27].

“Graphical except for pure salts; data from reference [130]. -

Comment: Lillebuen [130) and Grjotheim et al. [133] used an
apparatus similar to the one described by Janz and Lorenz (Rev.
Sci. Instr., 31, 18, 1960) in which a pin of known dimensions was
fixed 10 the lower end of an Archimedean density -bob, thus permit-
ting simultaneous measurements of surface tension and density, Ex--
periments were carried out in ‘an atmosphere of dry nitrogen gas,
after evacuating the apparatus to ahout 10~4 mm. Hg. Corrections
were applied for the buoyancy of the sinker in air or N: and ‘for the
surface tension effect on the suspension wire. Density measurements
were reproducible o within *+0.3% und_ ol corrections on the
observed densities were between 0.3 t0'0.4%.

Emons et al. [126] report reproducibilities in their density values
of 0.2 to 0.5% in the temperature range 500-1000 °C.

Brief comments regarding the work of Lehman are given under
the system CaCl,-CsCl.

J. Phys, Chem. Ref. Data, Vol. 4, No. 4, 1975
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TaBLe 209. CaCl-KCl: Density (g cm™3)

Mole percent KCl
T 100 90 80 70 60 50 40 30 20 10 0 76.0
1060 1.582
1070 1.577 2073
1080 1.511 1.571 1.627 1.783 1.83¢ 1.888 2,069 1.648
1090 1.505 1.565 1.621 1.675 1.726 1.778 1.830 1.883 1.940 2.000 2.065 1.643
1100 1.499 1.559 1.616 1.669 1.721 1.773 1.825 1.879 1.935 1.996 2.062 1.637
1110 1493 1.553 1.610 1.664 1.716 1.768 1.820 1.874 1.931 1.992 2,058 1.632
1120 1486 1.547 1.604 1.658 1711 1.763 1.815 1.870 1.927 1.988 2.054 1.626
1130 1.511 1.598 1.652 1.705 1.757 1.810 1.865 1.922 1.983 2,048 1.620
1140 1534 | 1592 1.646. | 1.699 1752 1.805 1.860 1918 1.979 2,04 1.614
1150 1.586 1.640 1.694 17147 1.800 1.855 1.913 1.975 1.608
1160 1.579 1.634 1.688 1.741 1.795 1.850 1.908 1.970 1.602
176 1573 1.628 1.682 1.735 1.790 1.845 1.903 1.595
Two-dimensional equation and statistical parameters
p=a+bC + cC? + dT? + eC3 + fCT?
5 ' Max. percent Stand.
a b+ 10° ¢+ 108 d 10 e« 107 fe100 d error
eparture of est.
172672 4,92335 —2.48640 —1.71243 1.85373 110524 0.30% 0.09%
(1084.2K. 77.7
mol % CaCl:)

These values are based on the work of Lillebuen (Archimedean method) [130]. € = mol % CaCl..

TasLe 210. CaCl-KCl: Density (g cm™3)

TABLE 211. Surface tension studies: CaCl-K.Cl

Investigations critically re-examined

Mol percent KCl1 Ref. MI§1C 1,770 Tem;(),Tl)'ange i Comments
T | 100 |928 |88 |718 | 499 | 819} 223| 0 237 | 0-100 | 1066-1193 | Cell material: Pt-10%Rh
1060 1.567 ! capillary, melt contained in
1070 1.561 | 1.612 2.073 i alumina crucible; calibration:
1080 | 1.511 | 1.555 | 1.606 1.786 | 1.878 2.069 | molten KC
1090 | 1.505 | 1.549 | 1.600 | 1.663 | 1.780 | 1.874 | 1.923 | 2.065 . '. ) o
1100 | 1.498 | 1542 |1.504 | 1657 | 1.774 | 1.869 | 1.919 | 2.061 253 | 0-100 | 1048-1192 ¢ Cell material: density sinker
1110 | 1492 | 1536 | 1.588 | 1.652 | 1760 | 1.864 | 1.915 | 2.057 i and rod for surface tension
1120 | 1486 | 1530 | 1582 | 1646 | 1763 | 1.850 | 1.011 | 2.053 ; Ieasurements were made from
1130 1524 | 1576 |1.641 | 1.757 | 1.854 | 1.907 | 2.049 : Pt-10%Rh alloy; calibration:
1140 1570 [1.635 | 1.752 | 1.849 | 1.903 | 2.045  measurements on pure salts
1150 1564 | 1.630 | 1.746 | 1.844 | 1.899 258 | 0-100 1073 | Cell material and calibration:
1160 1.558 |1.624 | 1.741 | 1.830 | 1.805 ! as for 253
1170 1552 | 1.619 | 1.735 | 1.834 | 1.801 | !
; | |
Temporature-dependent oquations 223 0-100 1073 Cell material: quartz capillaries
p=at bT of 0.8-1.44 mm diameter:
calibration: pure molten salts
Mol % KCl a B 108 S;;gg' Comparisons with previous NSRDS recommendations:
of est. " [2, pp. 58, 60 and this volume]
0 2.4968 —3.9594 0.05% Ref. KCl Min. departure Max. departure
22.3 2.3534 —3.9512 0.14% Mol %
319 2.4067 —4.8912 0.01% 237 100 0.0% (1127 K) —0.9% (1165 K)
499 2.3934 —5.6284 0.01% 253 100 1.8% (1089 K,
7.8 2.2650 —5.5242 0.03% 1092 K, 3.5% (1109 K)
83.8 2.2540 —6.002 0.05% 1112 K)
92.8 22231 —6.1878 0.03% 237 (i} 21% (1069 X)
100 2.1866 —6.2556 0.01% 253 0 —1.1% (1085 K)
These values are based on the work of Lillebuen (Archimedean 223 100 1.07% (1073 K)
method) [130). 223 0 —0.86% (1073 K)
223 100 —0.73% (1073 K)
223 0 0.24% (1073 K)

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

* Graphical except for pure salts.

Comment: Lillebuen [253] reports a reproducibility for surface
tension measurements of +1%. :

Brief remarks concerning reference [237] are to be found under
the system CaCl-CsClL
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TasLe 212. CaCl-KCl: Surface tension (dyn cm™1)

Mol percent KC1
T 100.0 92.8 83.6 578 L 447 44.5 319 22.6 9.8 0.0
1050 1104 1249
1060 109.7 124.3
1070 98.5 101.4 109.0 114.8 1205 123.8
1080 97.8 100.7 108.3 112.8 114.2 119.9 1232 132.4
1090 95.8 97.2 99.9 107.6 112.2 113.6 119.3 122.7 1319 146.2
1100 95.0 96.5 99.2 106.9 111.5 112.9 118.7 1221 1314 145.7
1110 94.3 95.8 98.4 106.1 110.9 112.3 118.1 1216 130.9 145.3
1120 93.6 95.1 97.6 105.4 110.2 111.7 117.5 121.0 130.4 144.8
1130 92.8 94.5 96.9 104.7 109.6 111.0 1169 120.4 129.9 144.4
1140 92.1 93.8 96.1 104.0 109.0 110.4 116.3 119.9 129.4 143.9
1150 91.4 95.4 109.7 115.7 1193 128.9 143.5
1160 109.1 115.1 11838 128.4 143.0
1170 108.5 114.6 1182 127.9 142.5
1180 142.0
1190 141.6
Temperature-dependent equations
y=a+ bT
Stand.
Mol % KCl a b+ 10% error
of est.
0.0 195.6276 —4.5373 0.03%
v.8 186.2082 —4.9863 0.U3%
22.6 183.4629 —5.5781 0.11%
3L.9 183.5472 —5.8969 0.09%
44.5 182.7049 —6.3444 0.05%
44.7 181.3611 —6.3498 0.05%
57.8 185.4227 —7.1422 0.01%
83.6 182.5108 —7.5773 0.07%
92.8 170.6846 —6.7448 0.09%
100.0 175.5216 —7.3168 0.06%
These values are based on the work of Lillebuen (pin detachment method) [253].
CaCl2-LiCl Melt Preparation and Purification
800 T - r - T - _ . .
: ! ' ' i Grjotheim et al. [258] used Baker analytical reagent
774 ] y g
- CaCl, - LiCl grade LiCl. Purification of CaCly is described under the
system CaCl,-KCL
700+
o 1 liquid ;o
2 !
o ] Tasee 213. Electrical conductance studies: CaCle-LiCl
S 600 H-
5 1 Investigations critically re-examined
!
e — .
L / Ref. L‘C} Temp, range Comments
= o I Gac, | Mol % ()
!
lf‘_’ 50 N 171, 3314 0, 30, 50 ~923-1173 | Cell material: quartz; Mo
441 \\\_] 70, 100 (g) electrodes; freq. range:
‘| —= 20,000 Hz
400 ;E’J — *Emons et al. [171, 331] report a reproducibility in their specific
‘Sf conductance values of 0.5 to 0.6% in the temperature range 500-
B ) | T n L] 1000 °C. Their conductance apparatus was similar to the one de-
0 20 40 80 80 100 scribed by Story and Clarke [146].
LiCl i
‘ Mol % CaCl, Cactz

Freure 25. Temperature-composition phase diagram for CaCl.-LiClL

G. Grube and W. Riidel, Z. Anorg. Allgem. Chem.,
133, 381 (1924).

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLe 214. CaCl:-LiCl: Specific conductance (ohm™* cm™?)

Mol % CaCl. 1073K Mol.% CaCls 1073 K
0 6.60 60 2.85
10 5.68 70 256
20 492 80 2.38
30 4.25 90 2.21
40 371 100 213
50 3.23 :

These values have been interpolated to three significant figures from the graphical presentation of Emons et al. (classical ac technique)
[171, 331).

TasLe 215. Density studies: CaCl,-LiCl

Investigations critically re-examined

Ref. LiCl Temp. range
el Mol % (1)
TaBLE 217. Surface tension studies: CaCly-LiCl
171" 0, 30, 50, 70, 100 ~923-1173
*Emons et al. [171] measured density by the hydrostatic weighing Investigations critically re-examined
method using a molybdenum bob and reported a reproducibility of Rei. \;I\Ia]Cl Temp:.['range Comments
0.2-0.5% in the temperature interval 500-1000 °C. Mol 7 (T)
258 0-100* 1073 Cell material: density sinker

and rod for snrface tension

TasLe 216, CaCl-LiCl: Density (g cm™3) measurements were made from

Mol % CaCl: | 0 30 50 70 100 Pt-10%Rh alloy, melt
> o - contained in Pt crucible;
34‘;§ i:ﬂ 1712 1'30 igﬂ calibration: pure salts
973K 147 1.74 1.89 1.97 Deviations from previous NSRDS recommendations: {2, p. 60}
998 K 1.46 173 1.88 1.96
1023K 1.44 173 1.87 1.96 Ref. Nl;l;c%) Min. departure Max. departure
1048 K 143 1.72 1.86 1.95 -
. 258 0 1.02% (1073K
1073K 142 171 1.85 195 2,07 02% ( )
1098 K 141 1.70 1.84 1.94 2.07 *Mixtares reported graphically.
123K 1.40 1.69 1.83 1.93 2.06 Comment: Grjotheim et al. [258]) reported a reproducibility for
1148K 1.39 1.68 1.82 1.92 2.06 surface tension measurements of +1%.
173K 1.38 1.67 1.80 191 2.06

These values have been interpolated to three significant figures
from the graphical presentation of Emons et al. (Archimedean
method) [171).

TasLe 218. CaCl:-LiCl: Surface tension (dyn cm™1)

Mol % CaCl. 1073K Mol % CaCl. 1073 K
0 : 116.5 60 . 133.3
10 119.0 70 136.3
20 121.8 80 139.7
30 124.7 90 143.0
40 1274 100 146.5
50 130.3

These values have been interpolated to four significant figures from the graphical presentation of Grjotheim et al. (pin detachment method)
[258].

J. Phys. Chem. Ref. Dota, Vol. 4, No. 4, 1975
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CaCl:-MgCla
T T T T T K 1 !
| CaCl;sMgCl, R
o .
£ 800
e
g
2
2
g 600
®
- |
L | L I 2 ! L - "
.0 20 40 60 80 100
CaCly, MgCi,

Mol % MgCl,

Ficure 26, Temperature-composition

MgClg.

phase

1) 0. Menge, Z. Anorg. Chem., 72,162 (1911).

2) A. 1. Ivanoc, Sbornik Statei Obshchei Khim., Akad.
Nauk S.S.S.R,, 1, 754 (1953).

3) X. Mariasovsky, Chem. Zyesti,, 18, 69 (1959).

Melt Preparation and Purification

Huber et al. [30] used C.P. analytical grade CaCly and
prepared MgCl; from purified anhydrous PbCl.. A clight
excess of magnesium metal was added to PhCly in a
bomb which was rotated for 134 hours at 725 °C. Analysis
showed the MgCl, to be at least 99.7% pure. The pure
weighed salts were melted in a porcelain crucible and then
transferred to the electrolytic cell.. After completing a
series of measurements the mixture was analyzed. -

Lillebuen [130] and Grjotheim’s et al. [133] prepara-
tion of pure CaCly is~ described under the system
CaClo-KCl: Anhydrous MgCl, was prepared from the hexa-
hydrate salt (MgCly-6H:0, min. 99.0% MgCl.-6H;0,
analytical reagent grade, Baker, U.S.A.) by heating the
salt overmght .at.- 100 °C under moderate vacuum. The
temperature was then 1aised 1o 400 °C and the sample was
further dried- at this temperature for several hours while
a stream of dry HCl was passed through the salt to prevent
any hydrolysis. Final purification consisted in bubbling
HCl gas through the molten salt with subsequent filiration
through fritted silica filters. The purity of the anhydrous
MgCly was checked in several ways: (1) molten MgCl,
was examined for purity in color and for the prescncc of
solid white particles of MgO, (2) the solubility of the salt
was tested in water and the presence of the insoluble salt,
MgO, was checked, and (3) the Mg and Cl content was
determined by EDTA and AgNO; titrations, respectively.
Analysis showed less than 1% contamination of MgCl,
by MgO and MgOHCI; the dehydrated CaCly did not
contain detectable amounts of the same impurities.

The preparation of anhydrous CaCl by Grjotheim et al.
[105] is discussed under the CaCl,-KCl system. Analytical

" grade quality MgCly-6H;0 was dehydrated in- essentially
the same manner except that the process took approxi-

diagram for CaCl.-

mately 4-5. days instead- of .two days as was the case with

CaCl,. Initially 500 grams of MgCl,:6H20- was dried at a

temperature of 50-70 °C under-a vacuum of 10~%"mm for

a minimum of two days. The temperature was then gradu-

ally raised to 400 °C over a one day-period and the sample

was again heated at this temperature for 4~5 hours under

a flow of dry HCL of about 6 1/min. After the salt was

cooled in a dry Ar atmosphere it was transferred into a

filtration vessel in a dry-box. The MgCl, was heated to its

melting point (714 °C) over a 6—7 hour period. HCl gas

was bubbled through the melt for two hours after the

temperature had reached 800 °C. Final steps consisted in

flushing the melt with dry argon, evacuating and filtering .
the melt through a quartz frit and finally sealing the

vessal under vacuum. Titration with HCl showed 0.01

weight % MgO content in the MgCls. A de polarogram was
taken -on the melt using the method of Laitinen et al.
(J. A. Laitinen, W. Ferguson, and R. J. Osteryoung,'
J. Electrochem. Soc., 104, 516, 1957) and water was
not detected.

TaBLE 219. Electrical conductance studies: CaCl-MgCl.

Investigations critically re-examined

Ref. ) ]1:{4 Dg]C‘IV:; Temz)%ljange ’ Connnent
30 {0,26.65, 10021193 - { Cell material: silica; Pt
41.00, electrodes; freq. range: 1000
62.59 Hz; calibration: saturated
NaCl solution
109 0,20, 40 977-1173 | Cell material: AL.O; tube in a
60, 80, 100 quartz container; Pt '
clectrodes; freq. range: 2000
’ 20,000 Hz; calibration: 1N KCL.
| ; solution and saturated NaCl
. | solution

Deviations from previous NSRDS recommendations:
[1, p. 7 and this volume]

Ref. J( plylloglc% Min. departure Max. departure
109 _' 100 0.36% (1038K) 1.83% (1082K)
30 0 —8.8% (1109K) —-115% (1223K)
109 0 —0.94% (1073K) | —3.8% (1174K)
30 0 —65% (1125K) | —6.7% (1111K)
Comment: Comments regarding references [30] and [109] are

noted under the system CaCl:-KCl.

3. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TabLe 220. CaCl:-MgCls: Specific conductance (ohm™~* em™1)

TasLE 221. Density studies: CaCl-MgCl,

Mol percent MgCi:

Investigations critically re-examined

T 100 80 60 40 20 0 Ref. &doglc‘lyn Temp. range Comments
980 1678 Z
990 1.711 30 0-100 996-1180 | Cell material: silica ball
1000 1.503 1.744 1.805 (hollow and solid), W suspen-
1010 1.527 1.776 1.836 sion wire; calibration: water
1020 1 1073 | 1550 | 1809 | 1869 95 | 0,366,539 | 1048-1148 | Cell material: quartz cylinder,
1030 1.097 1.575 1.842 1.903 . s
69.8, 100 Pt suspension wire;
1040 1.121 1.600 1.875 1.939 calibration: water
1050 1145 1.626 1.976 2.034 .
1060 1.169 2.084 130 0-100 1017-1182 | Cell material: Pt-10%Rh
1070 1.192 2.135 sinker and suspension wire;
1080 1.216 2.185 calibration: water
1090 2.235
1100 2192 133" 0-100 (g) 1073 Cell material and
1110 2:228- calibration: as for 130
1120 2.264 202 | 0-100(g) 1073
11 2.
112 9 ggg Deviations from previous NSRDS recommendations:
1150 2:375' [1, pp. 6, 7 and this volume]
1160 2412 | MeCl .
1170 : 2.451 Ref. Mogl 7; Min. departure Max. dapnrturel
Temperature-dependent equations 30 100 0.49% (1160 K) 0.66% (1020 K)
k=a-+ bT 4 cT? 95 100 0.0% (1148K) 11% (1048K)
- 130 100 0.30% (1017K) 0.50% (1099 K)
ane 133 100 0.50% (1073K)
1, b+ 10° - 108
Mol @ MgCl) 10 ¢+ 10 el 30 100 0.12% (1073K) 0.18% (1048K)
- 95 100 0.06% (1098K) | " 0.66% (1048K)
0 0.9270 —1.2350 2.1685 O.lg% 30 0 —0.72% (1055K) —0.78% (1148K)
20 —32418 5.0218 0 0?1-% 95 0 —11% (1073K) | —14% (1148K)
40 53906 | —10.2624 6.6765 0.11% 130 0 00% (1066K) 0.10% (1142K)
60 ~1.5310 3.2746 0 0.24% 133 0 —0.05% (1073K) .
80 2.5710 —4.4139 3.3464 | 0.12% 30 0 —0.82% (1073K)
100 —1.3646 2.3899 0 [ 0.01% o5 0 —1.06% (1073K)

These values are based on the work of Grjotheim et al. (classical

ac technique) [109].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

‘Comment: Lillebuen [130] and Grjotheim et al. [133] used an
apparatus similar to the one described by Janz and Lorenz (Rev.
Sci. Instr., 31, 18, 1960) in which a pin of known dimensions was
fixed to the lower end of an Archimedean density bob, thus per-
mitting simultaneous measurements of surface tension and density.
Corrections were applied for the effect of surface tension and for
expansion of the suspension wire. Density measurements were re-
producible to within +0.3% and total corrections on the observed
densities were between 0.3 to 0.4%. '

Maurits [95] reports an error of 0.4 to 0.6% in density measure-
ments depending upon the melt composition. The author’s method
was verified by measurements on the pure molten salts: KCl, NaCl,
MgCl,, and CaCls.

*Data from reference [130].
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Tasrg 222. CaCl-MgCla: Density (g cm™?) TabLE 223. Surface tension studies: CaCl-MgCle
Mol percent MgCl. ) - Investigations critically re-examined
T 1000} 80.6 |'59.9 | 40.9 3461} 321 1133 0.0 Ref. 1| MgCla Temp. range Comment
1020 | 1674 | Mol % b
1050 | L671 , 253 [ 0-100 | 1002-1193 | Cell material: density sinker
. 1040 | 1.668 and rod for surface tension
1050 | 1.666 measurements was made from
1060 { 1.663 | 2.016 : ' Pt~10%Rh alloy; calibration:
1070 | 1660 | 2012 | 1.942 2,073 measurements on pure salts
%ggg iggg ggg; ;ggg 1867 ’ ‘I 807 | 1732 gggg 258 0-100" 1073 . { Cell material and calibration:
! | . ! ! - . a v f 253
1100 1.999 | 1.929 { 1.863 | 1.831| 1.803 | 1.729 | 2061 _ as lor :
"1110 1994 11925 | 1.858 | 1.827{ 1.799 | 1.725 { 2.057 223 . 0-100 1073 Cell material: quartz capillaries
1120 1990 | 1.921 | 1.854 1.823| 1.795 | 1.721 | 2.053 of 0.8-1.4 mm diameter;
1130 1985 | 1917 | 1.849 1 1.819| 1.791 | 1.718 | 2.049 calibration: measurements on
1140 1.844 | 18157 1.787 | 1.714 | 2.045 pure salts
Eig iM(Z . }81.1, . 1'782 i 112 Deviations from previous NSRDS recommendations:
Py 835 fggé i;; | 170 [L, pp. 59, 60 and this volume]
] |1 775 ) -
1180 . ’ 1.799 . Ref. 1{?5@72 Min. departure Max. departure
Tempmmrefe;i“?;‘ equations 958 100 509 (1073K) —47% (1002K)
P= — 253 0 —1.1% (1085K) :
tand. 223 100 1.3% (1073K)
Mol % MgCla @ be 108 of est. 225 | 100 4.2% (1073K)
f *Graphical except for pure components.
.0 X —0.3976 0.
1(; 3 gi‘ggg ___g 3297 082;: Comment: Lillebuen [253] and Grjotheim et al. [258] reported a
32'1 2'2379 _0'3955 0‘05% reproducibility for surface tension measurements of +1%. Tempera-
34.6 2'2630 _0'3977 0'01% ture coefficients for surface tension of mixtures were given in [258]
40'9 2.3656 _0:4571 0:02% without stating definite temperature limits,
59.9 2.3796 —0.4083 0.05%
.. 80.6 24864 - —0.4436 0.01%
100.0 1.9497 —0.2705 | 0.03%

" “{hese vaiues are based on Lhe work of Lillebuen (Archimedean
method) [130].

TasLe 224, CaCl-MgCl.: Surface tension {(dyn cm™%)

Mol percent MgCl.

T 100 - 90 - 80 70 60 50 | 40 30 20 10 0 53
1010 - 62.3

1020 62.3

1030 623"

1040 62.3

1050 622

1060 622 .

1070 62.2 66.8

1080 62.2 66.8 : . ,

1090 62.1 66.7 7222 785 5.6 93.6 102.4 112.0 1225 | 1338 145.9 91.1
1100 62.1 66.7 72.1 784 8.5 934 102.2 17 1222 1334 1455 90.9
1110 62.1 66.6 72.1 78.3 85.3 932 1019 1115 1219 133.1 145.1 90.8
1420 620 .| 666 720 782 85.2 93.1 101.7 112 1215 1327 144.7 90.6
1130 62.0 66.6 719 78.1 85.1 929 1015 10 | 1212 132.3 144.2 90.5
1140 62.0 66.5 718 | 780 | 850 92,7 101.3 110.7 1209 132.0 1438 90.3
1150 62.0 665 71.8 779 | 848 92.6 101.1 1105 | 120.6 131.6 1434 |- 902
1160 01.9 664 7.7 77.8 84.7 92.4 100.9 110.2 120.3 131.2 1429 90.0
1170 : 7.7 84.6 922 | 100.7 109.9 | 1200 130.8 142.5 89.8
1180 : 1421 89,7
1190 141.6

J. Phys, Chem. Ref. Data, Vol. 4, No. 4, 1975
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TapLe 224, CaCl.-MgCl.: Surface tension (dyn em~1)—Continued
Two-dimensional equation and statistical parameters
y=a-+ bC + cC? 4 dT3 + eTC? + fCT?
. . Stand.
a b+ 10% ce 108 d - 10%° e+ 108 fe108 Max. departure error
of est,
—0.85%
63.14053 5.00268 6.92865 —7.62398 —2.43231 —6.82139 (1175 K, 654 0.43%
mol % CaCls)
These values are based on the work of Lillebuen (pin detachment method) [253]. C = mol % CaClz.
TasLe 225. CaCl.-MgCl.: Surface tension (dyn em™?)
Mole percent MgCl:
T 100.0 86.7 ! 83.4 65.4 53.0 34.6 15.2 ! 0.0
1010 62.2
1020 62.2
1030 62.2
1040 62.1
1050 62.1
1060 © 621
1070 62.1
1080 62.0 70.8 127.4
1090 62.0 68.6 70.7 90.7 107.9. 127.1 146.2
1100 62.0 68.5 70.6 81.3 90.5 107.7 126.8 145.7
1110 61.9 68.5 70.5 81.2 90.4 107.6 126.5 145.3
1120 61.9 68.4 70.5 81.1 90.2 1074 | 126.2 144.8
1130 61.9 68.3 704 81.0 90.1 107.2 1259 144.4
1140 61.8 68.3 70.3 : 810 89.9 107.0 125.6 143.9
1150 61.8 68.2 70.2 80.8 89.8 106.8 125.3 143.4
1160 61.8 68.1 80.7 89.6 106.6 125.0 143.0
1170 68.1 80.6 89.5 106.4 124.7 142.5
1180 80.4 142.1
1190 1416
Temperature-dependent equations
=a+ bT
Stand.
Mol % MgCl, a b+ 10% error
of est.
0.0 195.6276 —4,5373 0.03%
15.2 160.5346 —3.0646 0.01%
34.6 128.3171 —1.8706 0.06%
53.0 106.8475 —1.4831 0.11%
65.4 93.4904 —1.1054 . 0.05%
83.4 . 79.0134 —0.7645 0.00%
86.7 75.8703 —0.6668 : 0.09%
100.0 65.3426 —0.3073 i 0.09%

These values are based on the work of Lillebuen (pin detachment method) [253].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLE 226. Density studies: CaClo-MnCl;

T Bl

- CaCl,

T T T

-MnCl,

Investigations critically re-examined

Ref.

MnCl
Mol %

Temp. range i
(T)

Comments

202

20-100

873-1050 | Cell material: quartz hall

containing W for weight;
calibration : water and carbon
tetrachloride

Deviativns {rom previous NSRDS recommendations: [1, p.- Y]

Ref. %}gllc,;; - Min. departure Max. departure
202 100 0.04% (960 K) —043% (1020 K)

Mol % MnCl,

100
MnCi,

Ficure 27. Temperature-composition phase diagram for CaCl.-

L{ncle‘

C. Sandonnini, Atti della Reale Accad. dei Lincei, (5),
20, 11 496 (1911).

’

TasLe 227. CaCls-MnCl: Density (g cm™3)

Mol percent MnCl,

T 100 80 70 60 50 40 30 2

880 2287

890 2.280

900 22713

910 2.266

920 2.320 2260

930 ! 2370 2.327 2.313 2.253

940 | 2.350 2.364 2.322 2.307 2.246

950 | 2.344 2.358 2.332 2.316 2.300 2239 :

960 ] 2.338 2.351 2.326 2.310 2.294 2232 2.233

970 2.331 2.345 2.320 2.305 2.287 2.225 2.227

980 2.325 2.339 2314 T 2.299 2.281 2.219 2220 .

9290 2.31% 2.332 2.308 2.294 2.274 2212 2214 - 2,176
1000 2.313 2.326 2.302 2.288 2268 2.205 2.208 2,170
1010 2.307 2319 2.296 2.282 2262 - 2.198 2.201 2.165
1020 2.301 2313 7 2289 2277 2.255 2.191 2.195 2.159
1030 o ) 2.189 2.154
1040 2.148
1050 2143

Temperature:dependent equations
p=a-+bT

Mol 9% MnCl;s a b+ 10
‘20 2.720 —3.50
30 2.840 —6.32
40 2.889 —6,84
50 2916 ~6.48
60 2.848 —5.60
70 2916 —6.14
80 2.962 —6.36
100 2,928 —6,15

These values are based on the work of Markov et al. (Archimedean method) [202].
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CaCl2-NaCl
— T T T T 1

CaCly - NaCl

800~

700

600

Temperoture (°C)

500
. N n 1 L 4L 4 L .
0 20 40 60 80 100
Cucly Mol % NaCl NaCl

Fioure 28. Temperature-composition phase diagram for CaCl-NaCl.

A. Seltveit and A. Flood, Acta Chem. Scand., 12 [5]
1036 (1958).

Mel: Preparation and Purification

Fuseya and Ouchi [17] used reagent grade NaCl and
c.p. grade CaCly as starting materials. The NaCl was
purified by passing HCI gas through its saturated solution
and drying the resulting crystals at 800 °C. CaCly-H,0
was recrystallized several times from water and then
fused in a porcelain dish to remove water of crystallization.
Any CaO formed during melting was converted to CaCl,
by bubbling HCI gas through the molten sait. Anhydrous
CaCl, was stored at 300 °C. Mixtures were heated in an
atmosphere of HCI and dried.

JANZ ET AL

Alabyshev and Kulakovskaya [20] used chemically
anhydrous salts which were later purified by an unspeci-
fied method.

Ryschkewitsh [21] treated CaCl, with HCl gas and
passed nitrogen gas through the conductivity cell during
measurements.

Barzakovskii [24, 63, 144] used ‘“chemically pure”
salts. The melts were heated in a porcelain crucible in
an atmosphere of dry HCl gas for 2-3 hours.

Calcium chloride was purified by Vereshchetina and
Luzhnaya [34] by fusion in a HCl atmosphere. Before
mixtures were prepared, calculated weights of the salts
were again treated with HCI to remove any traces of CaO.

Lantratov and Moiseeva [74] used “chemically pure”
salts. Traces of oxides and water were removed by passing
HCl through the melt and again through the molten
mixtures prior to measurements.

Kochergin [129] used “chemically pure” grade salts
as starting materials. Sodium chloride was recrystallized
twice followed hy heating at 500 °C and molten CaCls
was dehydrated in a current of HCl gas. Melt conductivities
were measured in an atmosphere of argon where initially

" the CaCly-NaCl mixtures were dehydrated in a vacuum
for 3 hours.

Zolotarev and Egerev [139] recrystallized their analy-
tical grade reagents from water and bubbled HCl gas
through the molten mixtures before measurements.

Story and Clarke [146] used reagent grade materials
which were melted and bubbled with HCI for 1% hour to
decrease the CaQ content to less than 0.1%. The salts were
cooled and pulverized in a dry box. Mixtures were chemic-
ally analyzed.

The preparations of pure CaCl; and NaCl by Grjotheim
et al. [109, 133] and Lillebuen [130] are given under
the systems CaCly-KCl and MgCl,-NaCl, respectively.

Lantratov [229] used C.P. grade NaCl and CaCl,. The
salts were dried and remelted in an atmosphere of dry HCL

TasLe 228. Electrical conductance studies: CaClx-NaCl

Investigations critically re-ext_xmined

NaCl Temp. range
Ref. Mol % ) Comments

12 0-100 1123, 1223 Cell material; quartz vessel or silica U-tube; Pt electredes;
calibration: 1N KCl

20 30, 50 795-959 Cell material: quartz vessel; freq. range: 1000 Hz; calibration: 30%
sulfuric acid at 18 °C

21 0, 33.3, 50, 898-1283 Cell material: Pt crucible; Pt electrodes; freq. range: ~6000 Hz;

65.4, 66.6, 100* calibration: sulfuric acid solution, saturated NaCl solution and

molten KNO,

24 0-100 1073,1173, Cell material : quartz vessel; Pt electrodes; freq. range: 20~2000 Hz;

1273 calibration: KCI solutions

34 0--100 973-1113 Cecll material: quartz vesscl; calibration: molten KNO,

44° 0-100 (g) 873-1113

63 0-100 816-1365 ¢ Cell material: Pt vessel; Pt electrodes; freq. range: 300-1000 Hz;

|
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" Tapie 228. Electrical conductance studies: CaClr-NaCl—Continued

Investigations critically re-examined

: NaCl . Temp. range
Ref. Mol % (7) Comments » )
T4 30, 50, 70 923-1073 Céll material: quartz vessel; Pt electrodes; freq. range: 1000-3000 Hz;
: calibration: molten KINOs, NaNOs, and NaCl
109 0-100 968-1189 Cell material: AL:Qs tube in a quartz tube container; Pt electrodes;
freq. range: 2000~20,000 Hz; calibration: IN KCl and saturated
WaCl solutton .
129 ' 54¢ 798-873 Cell material: quartz vessel; freq. range: 1000-6000 Hz; calibration:
molten KCI and KNO- _
139 ol 923-1023 Cell material: quartzvvessel; P1 electrodes; freq. range:: 1000-Hz
144 0-100 873-1173 Cell material: Pt vessel; Pt electrodes; freq. range: 300-1000 Hz;
calibration: KCI solutions and 309% sulfuric acid solution
146 0-100 829-1174 Cell material: quartz vessel; electrodes:. Ni wires or chromel strips;
. freq. range: 1000-40,000 Hz (measurements at 5000 Hz) ; calibration:
IN KCI solution
331 0-100 () 923-1273
171 0-100 (g) 948-1173 Cell material: quariz vessel; electrodes: Mo wires; freq. range:
20,000.Hz :
192 37.6 () 830-1330
Comparisons with NSRDS recommendations: [1, pp. 4, 7 and this volume]}
Ref. ]\?ﬁc;,a Mm .departure Max, departure
12 100 —3.0% (1223K) — 4.2%- (1123K)
24 - 100 0.0% (1073 K) C— 34% (12713 K)
34 100 —24% (1113K) — 2.8% (1073K)
62 100 —0.49% (1089 K) —31% (1273 K)
109 100 0.29% (1126 X) 0.79% (1095 K)
144 100 0.0% (1073K) — 23% (1173K)
146 100 0.03% (1171 K) 0.53% (1130 K)
21 333 —88% ( 963K)
109 100 —0:30% (1130K)
24 100 —2.1% (1173 K)
34 100 —3.2% (1111 K)
12, 0 —~72% (1233K)
24 0 —4.7% (1073 K) —100% (12713 K)
34 0 —08% (1113K) — 14% (1073 K)
63 0 —3.7% (1073K) — 9.8% (1173 K)
109 0 0.29% (1126 K) 0.79% (1095 K)
144 o —4.7% (1073 K) — 90% (1173 K)
146 0 —0.08% (1124 K) — 0.33% (1076 K)
12 0 —51% (1123K)
24 ] ) 0 —42% (1075K)
24 v —~14% (1075K)
109 0 —3.0% (1124 K)

2Graphical for pure salts,
*Data from reference [34].
*Eutectic—graphical.

Comment: Lantratov and Moiseeva [74] noted that their quartz cells were attacked by the melts; consequently the vessels were boiled in
concentrated HC] and washed with hot distilled water between consecutive measurements. Story and Clarke [146] report that attack by
molten CaCls on their cell was minimal; purification of CaCl: (0.1% CaO) .and flushing the conductance cell with inert gas prevented any
appreciable formation of calcium orthosiliate. Clisuisel strips were used as electrodes éince electrodes consiructed of mnickel - eventually
became brittie presumably due to small amounts of oxygen entering the cell during sample changes.

Kochergin et al. [129] reported conductivity values on air measured melts as well as measurements on vacuum dried melts. The increased
conductivity of melts in air was interpreted as heing due to: hydrogen-contairing compounds present in the molten mixture.

Comments regarding ref [109] are di

d under the system CaCl: KCL

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLe 229. CaCl-NaCl: Specific conductance (ohm~! cm™1)

Mol % NaCl
T 100 88.5 73.6 51.8 33.3 0
830 1183
840 1.230
850 1.277
860 1.323
870 1.369
880 1415
a9n 1.460
900 1.505
910 1.550
920 1.594
930 1.638
940 1.682
950 1.725
960 1.768
970 1.811 [1.660]
980 [2.219] 1.853 [1.704]
990 [2.259] 1.895 [1.747)
1000 [2.298] . 1.936 [1.790]
1010 [2.337] 1.977 [1.833]
1020 [2.376} 2.018 11.876)
1030 [2.414]) 2.058 {1.919]
1040 [2.451] 2.098 [1.961]
1050 [2.488] 2.138 [2.003]
1060 [3.046] [2.525] 2.177 [2.045]
1070 [3.072] [2.561] 2.216 [2.0871
1080 [3.098] [2.597] 2.255 [2.141]
1090 3.663 [2.187]
1100 38.692 [2.233]
1110 3.720 [2.278]
1120 3.748 [2.324]
1130 3.774
1140 3.800
1150 3.824
1160 3.847
1170 3.870
Temperature-dependent equations
«=ga -+ bT 4 cT?
Stand. error
Mol % NaCl a b+10° ¢+ 107 of est.
0 [—2.8166} [4.5902] 0 0.00%
33.3 [—3.4536] [6.1849] [—9.4099] 0.00%
51.8 —3.9865 7.71711 —17.9443 0.07%
73.6 [~3.9759] [8.6268] [—23.5295] 0.00%
88.5 [0.2981] [2.5926}] 0 0.00%
100 ! —5.3960 13.6391 —48.8857 0.04%

These values are based on the work of Story and Clarke (classical ac technique) {146).

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLe 230. Density studies: CaCl-NaCl -

Investigations critically re-examined

NaCl -~ " Temp. range
Ref. Mol % T Comments
12 0-100 1073-1173 Cell material: Pt cylinder and suspension wir_e
17 0-100 823-1173 Cell material: Pt bob (Pt crucible containing melt) ; calibration:
. molten NaCl :
24 0-100 1073,1273 '
34 0-100 907-1123
0-100 {g) 907-1123
129 54* 798-1173 Cell material: Pt sphere and suspension wire
130 0-100 1036-1173 " Cell material: Pt-10%Rh sinker and suspension wire; calibration:
. water ) )
133 0-100° 1073 - ‘Cell material: P1-10%Rh sinker and suspension wire; calibration:
water
- 144 0-100 1073
163 23.6, 41.2, 80.0 " 1073 Cell material: Pt spher.c and suspension wire
17 0~300 (g) 0231173 Cell material: Mo bob
330 0-100 1073
Comparison with NSRDS recommendation: [1, pp. 4, 7 and this volume]
Ref. ]v];iﬁcc;o Min. departufe v " Max. departure
12 100 —111% (1123 X) )
17 100 —0.20% (1173 K) —0.45% (1073 K)
24 100 -~ 0.58% (1073 K) —166% (1273 K)
34 100 —1.30% (1098 K) —1.44% (1123 X)
130 100 0.39% (1088 K) 0.53% (1149 K)
144 100 0.77% (1073 K)
12 - 100 —1.85% (1173 K)
17 100 —0.73% (1173 K)
24 100 | —~0.86% (1173 K)
34 100 i —~1.9% (1126 K)
144 - 100 2.25% (1073 K)
12 85 ~—0.43% (1123 X))
17 20 0.0% (1073,
' 1123 K)
34 20 —0.76% (1123 K)
12 0 —1.07% (1123 K) _
17 0 0.54% (1123 K) 0.58% (1073 K)
24 0 —1.16% (1073 K) ~176% (1273 K)
34 0 —1.06% (1048 K)- —117% (1123 K)
130 0 0.0% (1066 K) 0.10% (1142 X)
144 0 —116% (1073K)
12 0 —1.0% (1123K)
17 0 0.63% (1073,
1123 K)
24 0 ~11% (1073 K)
34 0 —1.2% (1065 K)

*Eutectic—graphical.

*Graphical -except for pure-salts. -

Comment: Remarks concerning references [130] and {133} are

given under the system LiCl-MgCl..

1, Phys, Chem. Ref. Data, Vol. 4, No. 4, 1975
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TaBLE 231. CaCl-NaCl: Density (g cm™3)

Mot % NaCl

40 . 30 20 10 0 48

T 100 90 80 70 60 50
1060 1.994
1070 1.844 1.989 2.033 2.075
1080 1.787 1.839 1.890 1.938 1.984 2.029 2071 1.849
1090 1.551 1.612 1.670 1.727 1.782 1.834 1.885 1.933 1980 | . 2.024 2.066 1.845
1100 1.546° 1.607 1.666 1.722 1.777 1.830 1.880 1.929 1.975 2.019 2.061 1.840
1110 1541 1.602 1.661 1.718 1772 1.825 1.875 1.924 1.970 2.014 2.056 1.835
1120 1.536 1.597 1.656 1.713 1.768 1.820 1.871 1919 1.965 2.009 2.052 1.830
1130 1.532 1.593 1.651 1.708 1.763 1.816 1.866 1.914 1.961 2.005 2.047 1.826
1140 1.527 1.588 1.647 1.704 1.758 1.811 1.861 1910 2.042 1.821
1150 1.522 1.583 1.642 1.806 1.857 1.905 1.816
1160 1.517 1.578 . 1.801 1.852 1.900 1.812
1170 1,512 1.574 ..
Two-dimensional equation and statistical parameters
p=a -+ bT 4 ¢C + dC?
. b0 e g | Mg [ Send e
0.38%
206606 —4.72915 6.20063 —1.04771 (1090.1K, 15.0 0.18%
mol % CaCl.)

These values are based on the work of Lillebuen (Archimedean method) [180]. C = mol % CaCl..

Tasie 232, CaCl-NaCl: Density (g om™3)

Mol % NaCl

19.8 0

T 100 | 8501 675 | 49.1 359 | 225
1040 2.003
1050 1998
1060 1.855 1.994
1070 1.850 1.990 | 2.073
1080 1,845 | 1.913 | 1.972 |1.905 | 2.069
1090 | 1555} 1.635 | 1.742 | 1.840 | 1.908 | 1.967 { 1.981 | 2.065
1100 | 1.549 | 1.630 | 1.738 {1.835 | 1.903 | 1.963 {1.976 | 2.061
1110 | 1.544 | 1.626 | 1.734 | 1.830 | 1.897 | 1.958 §1.972 | 2.057
1120 | 1.539 | 1.621 | 1.730 7| 1.825} 1.802 | 1.954 }1.967 | 2.053
1130 | 1.533 | 1.617 | 1.726 | 1.820 | 1.887 | 1.949 2,049 -
1140 | 1.528 | 1.612 { 1,722 | 1.815 | 1.881 | 1.945 2.045
1150 | 1.523 | 1.608 { 1.718 | 1.810 | 1.876 | 1.940
1160 | 1.517 | 1.603 1.805 | 1.871.| 1.935
1170 | 1.512 | 1.599 1.865 | 1.931
Temperature-dependent equations
p=a+bT
Stand. error
Mol % NaCl a b« 10¢ of est.
0 2.4986 —-3.976 0.05%
19.8 24651 —4.444 0.03%
225 2.4637 —4.554 0.02%
35.9 24925 —5.367 0.18%
491 2.3800 —4.955 0.02%
67.5 2.1791 —4.006 0.01%
85.0 2.1305 - —4.546 0.01%
100 21319 ~5.297 0.04%

These values are based on the work of Lillebuen (Archimedean

method) [130].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

Tasre 233. Viscosity studics: CaClz-NaCl

Investigations critically re-examined

Ref. nl;;:cén Tem%).Tl)'ange Comments
24 0-100 1073, 1173,
1273
34 0-100 923-1148 | Cell material: Pt sphere, Pt
suspension rod enclosed in a
glass tube; calibration: method
144 0-100 873-1273 | tested using molten NaNO,
Comparisons with NSRDS recommendations: {1, pp. 4, 7
and this volume]
Ref. ]\%Cgb Min. departure Max. departure
24 100 04% (1173 KD
34 100 5.5% (1148 K) 6.8% (1098 K)
144 100 0.4% (1173 K)
24 90 —14.5% (1073 K)
144 90 —14.5% (1073 K)
24 70 7.9% (1073 K)
144 70 7.9% (1073 K) —9.1% ( 973K)
144 60 9.1% ( 973K) 18.7% (1073 K)
24 50 16.3% (1073 K)
144 50 8.9% ( 973K) 16.3% (1073 K)
144 40 13.5% ( 973 K) 14.2% (1073 K)
24 20 6.6% (1073 K)
144 20 6.6% (1073 K)
144 10 — L7% (1073 K)
24 0 61.8% (1073 K) 124.5% (1173 K)
34- 0 39.8% (1073 K) 70.7% (1148 K)
144 0 61.8% (1073 K) 124.5% (1173 K)
28 0 15.8% (1073 K)
144 0 15.8% (1073 K)

Comment: Vereshchetina and Luzhnaya [34] measured viscosities
by the method of damped oscillations and corrected for the damping
decrement of the Pt ball and of the system (excluding Pt ball) in
air. The accuracy of the system was checked by viscosity measure-
ments on molten NaNO, and their results agreed to +2% with
literature values. ’
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TasLg 234.  CaCl-NaCl: Viscosity (cp)

. . Mol % NaCl : .-
T 100 - 90 -80 70 - 60 .50 40 20 10 0
930 4,00 4.43 4.73
90 | ’ 388 | a3 462
950 3.77 4.19 450
960 ‘3.66 408 4230
970 355 | 397 428
980 342 345 3.86 418 5.37
990 3.30 3.35 3.76 4.07 520
1000 3.05 3.18 325 3.66 3.97 5.03
1010 291 3.06 3.15 3.56 3.87 4.88
1020 2.1 2.95 3.06 347 3.78 473 »
1030 2.64 2.84 297 . 3.38 3.69 4.59 513 4.88
1040 2.51 273 2.88 3.29 3.60 . 446 498 471
1050 2.20 2.39 2.62 2.80 3.20 3.51 4.34 4,84 . 455
1060 2.08 228 | 252 272 3.12 343 4922 471 440
1070 1.97 2.17 242 2.64 3.04 3.35 412 459 425
1080 ' 1.86 207 | 232 [ 256 296 | 328 4.03 447 412
1090 1.76 1.97 2.23 ©249 2.89 3.21 3.94 4.37 4.00
1160 [141] | 167 . 1.88 2.14 2.43 2.82 3.14 387 427 © 3.8
1110 1371 1.59 1.80 2.05 2.37 2.74 3.08 3.81 419 379
1120 [1:32] 1.51 172 1.96 2.31 268 302 3.75 411 3.70
1130 [1.26] 1.44 1.65 1.88 2.25 2.61 2.96 3.71 4.05 3.61
" 1140 {1.201 1.38 1.59 1.80 2.20 2.54 291 | 368 ° 3.99 3.54
- Temperature-dependent equations
n=a< bT 4 cT? 1 dT?
Mol % NaCl P b 102 crlf de10° Stand. error
0 - 69.3402 : —10.3644 3.5858 38716 0.73%
- 10 ) 20,1017 2,8465 ' —8.3002 39,9720 ©0.319
20 30.0118 —0.1588 —5.5677 32.2866 ‘ 041% .
40 12.1701 0.9805 —3.4259 16.2560 0.67%
50 44.5576 —8.7561 6.2253 —15.5917 _ 0.65%
60 1n4758 1.2168 —3.6226 16.8297 0.689%
70 19.1369 —1.1116 —1.3786 89463 0.58%
80 -33.3003 v —3.3357 ' —0.9395 125058 69,
90 .30.9838 —2.2958 —2.2975 _ 17.8387 0.64%
100 . -[—22.9126] [4.8514] . [—2.4000) 0 .

These values are based on the work of Vereshchetina and Luzhnaya (oscillating sphere method) [34].

TasLe 235. Surface tension studies: CaCl,-NaCl - TaEeLE 235, Surface tension studies: CaCl,-NaCl—Continued
Investigatons critically re-examined Cumpurisons with NSRDS recommendations (2, pp. 37, 60
N - - - and this volume]
Ref. aCl | Temp. range C
Mol % (1) omments NaCl .
- Ref. Mol % Min. departure Max. departure
229 0-100 823-1148 | Cell material: Pt and stainless . : -
steel capillaries; Pt crucible; 229 100 0.0% (1143K) 0.35% (1083 K)
calibration: microscope used 250 100 0.19% (1173 K)
to find capillary diameter, - 253 100 17% (1169 K) 2.0% (1118K)
checked using fused KNO., 250 90 0.17% (1073 K)
NaNOs 250 70 2.9% (073K}
250 50 2.6% (1073K}
. 250 0--100 1073, 1173, ' 250 20 1.6% (1073 K)
' 1278 229 . 0 0.21% (1093 K) 129 (1173K;
253 0-100 | 1075-1193 | Cell material: density sinker 250 | -0 1.5% (1073K) '
and rod for surface tension 258 0 —11% (1085 K)
measurements was made from *Graphical except for pure components, .
Pt-10%Rh; calibration: Comment: Lantratov [229] and Lillebuen {253] reported repro-
measurements on pure salts ducibilities in surface tension measurements of £0.1% and +1.0%,
258 | 0-300° 1073 | el material and calibration: respectively.

ag for 253
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‘TaBLE 236. CaCl-NaCl: Surface tension (dyn cm™?)

JANZ ET AL

Mol % NaCl

T 100 ] 80 70 60 50 40 35 30 23.72 20 0
830 139.20 | 143.40
840 138.54 | 142.67
850 137.88 | 14193
’60 137.22 141.10
870 136.56 | 140.46
880 13490 | 135.89 | 139.72 | 141.07
890 134.15 | 13523 | 138.99 | 140.41
900 133.39 134 57 13825 139.74
910 ! 132.64 | 13391 | 137.51 | 139.07
920 | 131.88 | 13325 | 136.78 | 138.41
930 : 131.13 | 13258 | 136.04 | 137.74 | 13947
940 130.37 | 13192 | 135.31 | 137.08 | 138.77
950 12794 | 129.62 | 131.26 | 13457 | 13641 | 138.07
960 127.12 | 12886 | 130.60 | 133.83 | 135.74 | 137.37
970 126.29 | 128.11 | 129.94 | 133.10 | 135.08 | 136.67 | 140.14
980 125.47 127.35 129.27 132.36 134.41 135.97 139.40 142.78
990 124.64 126,60 | 128.61 131.63 133.75 135.27 138.66 141.95
1000 123.82 125.84 127.95 130.89 133.08 | 134.57 137.92 141.11
1010 123.00 125.09 127.29 130.15 132.41 133.87 137.18 140.27 149.17
1020 12048 122.17 124.33 12663 129.42 131.75 133.17 136.44 139.44 148.61
1030 119.63 121.35 123.58 g 125.96 128.68 131.08 13247 135.70 138.60 148.05
1040 118.79 | 120.52 | 122.82 { 12530 | 127.95 | 13042 | 131.77 | 134.96 | 137.76 | 147.49
1050 117.95 | 119.70 | 122.07 | 124.64 | 127.21 | 12975 | 131.07 | 134.22 | 13693 | 14693
1060 117.11 | 11888 | 121.31 | 12398 | 12647 | 129.08 | 130.37 | 13348 | 136,09 | 146.36
1040 115.14 116.27 118.05 120.56 123.32 125.74 128.42 129.67 132.74 135.25 145.80
1080 113.90 | 114.35 | 11542 | 117.23 | 119.80 12897 | 132.00 | 13441 | 14524
1090 | 113.32 | 113.56 | 114.58 | 116.40 131.26 | 133.58 | 144.68
1100 112,34 | 112,77 | 113.74 | 115.58 130.52 14412
1110 111.56 111.98 112.90 114.76 B 143.56
1120 110.78 | 111.19 | 112.06 % 143.00
1130 110.00 | 110.40 ] 142,44
1140 | 141.88
Temperature-dependent equations
vy =a- bT
Mol % NaCl a b 10%
0 205.83 —5.61
20 224.81 —8.37
23.72 211,92 —7.40
30 204.57 ~17.00
35 1199.68 —6.66
40 204.49 —17.36
50 194.15 —6.62
60 201.34 —17.55
70 206.22 —8.24
80 206.36 —842
90 199.67 —7.90
100 198.14 —1.80

Thesc values are based on the woik of Lauiratov (maximum bubble pressure method) {229].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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Melt Preparation and Purification

Grjotheim et al. [258] used “analytical reagent grade”
RbCl (Merck). Purification of CaCly is described under
the system CaCl-KCl.

973

- TABLE '237. E]ectri;:al conductance studies: CaCleRbCl

Investigations critically re-examined

Ref. }V];:)bl% Temp. range Comments
171,331 O, 30, 50, | ~1023-1173 | Cell material: quartz;
70, 100 (g) Mo cleotrodecs; freq. range:
20,000 Hz

*Emons et al. [171], [331] repori reproducibiliies in their
conductance measurements of 0.5-0.6% in the temperature in’;erval |
500-1000 °C.

TasLe 238. CaCl-RbCl: Specific conductance (ohm~? em™1)

Mol % CaCl. 1073 X 1173 K
4] 1.78 .. 200
10 1.54 1.78
20 1.36 1.60
30 149
40 i 140
50 1.38
60 140
70 ! 1.58 1.54
80 1.54 : 176
90 1.80 : 2.05

100 2.10 . 242 -

These values have been interpolated to three significant: figures
from the graphical presentation of Emons et al. (classical:ac tech-’
nique) [171, 331].

TABLE 239. ]jensily studies: CaCl-RbCl

Investigations critically re-examined

RbCl ‘Temp. range
Ref. Mol % D
171+ 0, 30, 50, 70, 100 {g) ~1023-1173

*Emons et al. [171] using a melybdenum bob for density measure:
ments, report reproducibilities of 0.2-0.5% in the temperature

interval 500-1000 °C.

TasLe 240, CaCl-RbCl: Density (g em™3)

< Mol % RbCl I 1023 K . 1048 K. 1073 K 1098 X 1123 K 1148 K 1173 K
0 _ 207 2.06 2,05 203 2.02
30 210 2.08 - 206 : 2.04 2.02
50 _ 2,05 2.03
70 2.12 2.10 2.07 205 2.03
100 2.22 2.20 . 218 2.15 2.13 21 2.09
These values have been interpolated to three sigmificant figures from the graphical presentation of Emons et al. (Archimedean method)
[171].
-TaBLe 241, Surface tension studies: CaCl-RbCl " TasLe 241. Surface tension studies: CaCl-RbCl—Continued
Investigations critically re-examined Deviations from previous NSRDS recommendations: {2, pp. 58, 60]
RbCl Temp. range ’ RbCL 3 '
Ref. | i) % 1(’7,) ge. Comments Ref. Mol % | Min. departure Max, departure
288*| 0-100° 1072 Ccll matcrial: denaity sinker 258 no ~306% (1073 K) i )
and rod for surface tension 258 0 1.02% (1073 K)

measurements Pi—10%Rh alloy,
melt contained in Pt crucible;
calibration: pure salts

*Grjotheim et al, [238] reported a reproducibility for surface
tension measurements of #-1%. ‘These authors stated that most of
the values for the above system were found by extrapolation from
higher temperatures. ’

*Mixtures reported graphically.

2. Phys; Chem. Ref. Data, Vol. 4, No. 4, 1975
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TazsLe 242. CaCl-RbCl: Surface tension (dyn em™?)

Mol % CaCl: 1073 K Mol % CaCl: 1073 K
0 88.5 ) 60 107.8
10 88.8 70 1144
20 90.6 80 1226
30 93.3 90 132.0
4% 97.4. 100 147.5
50 102.6

These values have been interpolated to three significant figures from the graphical presentation of Grjotheim et al. (pin detachment method)

[258].

CaCl.-SrCl. TaBLe 244. CaCle-SrCl.: Specific conductance (ohm™* em™?)
. —— I — — Mol percent SiCl:
CaCl,-SrCty T 100 412 0
1180 2.00 2.20 2.35
~ %00 S 119 2.03 2.23 2.39
& " 1200 207 - 2.26 242
& .

. L = 1 1210 210 2.29 246
5 R - _x 1220 213 2.33 250
g Toor I T 7 1230 2.16 2.36 2,53
g 1240 219 2.39 2,56
2 i ] 1250 2.22 241 2.59
SO i e 1260 2.25 244 2.62
500~ ] 1270 2.28 247 2.65
1280 ! 2.31 249 2,67
T T 1200 | 2.3¢ 2.52 2,69
o oo 2o s pos 100 1300 2.37 2.54 2,72
ol srol 1310 2.39 2.56 2.74
2 Mol % SrCi, 2 1320 242 2.58 2.76

Ficure 30. Temperature-composition phase diagram for CaCl.- Temperature-dependent equations

SrCl.. k=a+ bT + cT?

C. Sandonnini, Att. accad, Lincei, 20, 11, 497 (1911). Mol % SrCle 2 b~ 10° e 108 Set:gti-
W. Schaefer, Neues Jahbr. Min. Geol, 1, 15 (1914). of est.
G. R. Bukhalove and A. G. Bergman, Zhur. Ob. Khim., s | Leore | Gatee | oo g';g;
22,23 (1952). 100 —4.6696 | 80333 | —20162 | 0.003%

These values are based on the work
(classical ac technique) [5].

of Arndt and Gessler

TasLE 243. Electrical conductance studies: CaCl,-SrCl.

Investigations critically re-examined

E— — - T 245, Depsity studies: CaCle-SrCle
- r S, Temp, range P ABLE cosity studies: CaCle-Sr
* . Mol % Investigations critically re-examined
5 ;0,412,100 1173-1323 | Cell material: porcelain tube; Ref SrCl. Temp. range
t Pt electrodes; calibration: et Mol % (T
. IN KCI solutions 6° 0, 41.2, 100 1123-1323
Deviations from previous NSRDS recommendations: 1, p. 7] Deviations from previous NSRDS recommendations: [1, p. 7]
SrCle s
Ref. Mol % Min. departure Max. departure Ref. 1\?59%, Min, departure Max. departure
S| 100 —50% (1173K) | — 90% (1323 K) 6 | 100 0.00% (1323K) | —0.74% (1173K)
“Arndt and Gessler [6] used a density bob and suspension wire
of platinum in their measurements,
J. Phys. Chem, Ref. Data, Vol. 4, No. 4, 1975
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TaBLE 286, CaCle-StCla: Density® (g cm™?)

975

TasLe 247, Electrical conductance studies: CdCl-CsCl

Mol percent SrCl.

Investigations critically re-examined

T |r 100 ll 41.2 -0 Ref. !‘ N%C«;;, | Tx_emf.q{an&e
1232 | | 2.03 h -
nmse | 2.69 ] 2.33 2.01 132 : .90 823, 873
12232 l 267 i 2.30 1.9 Comment: Kwak and Ketelaar [132] measured the ionic mobilities
12732 | 2645 ' 2.28 197 of Cl, Cd, and Cs ions using a radiotracer-electrophoresis: method.
13232 ! 2.62 ] 2.24 The equivalent conductance of the equimolar mixture was calculated

*Due to limited data the experimental values are given.
These values are based on the work of Amndt and Gessler
(Archimedean method) [6]. '

CdCl2-CsCl
- T -( l) ] T l T \
I CdCly-CsCl

-800 ]

rc)
T
!

8001~

400} .

Temperature
/
2
.\:\

200} , ' B
e s
o 20 40 60 80 100
cdcl, - cscl
Mol % CsCl

Ficure 31. Temperature-composition phase diagram for CdCl.-CsCl.

E.. P. Deigurov, Doklad. Adud. Nauk. S.5.S.R., 64,
517-20 (1949). o

MelfPréparuﬁon and Purification

Bloom et al. [103] used Koch-Light CsCl (99.9%)
“without further purification. Pure CdCl, was prepared
from high purity eadmium metal {99.9% ; Electrolytic Zine
Co. of Australia Lid.) and chlorine gas. Oxygen-iree nitro-
gen and chlorine gas, dried by bubbling through sulfuric
acid and through a tube containing MgClO, and glass
wool, was introduced into a glass distilling Hask containing
150-200 grams of cadmium metal, After air was displaced
from the. closed system, the reaction flask was heated
slowly to melt the cadmium. Initial stages of the reaction
produced a dark red solution (probably CdyCls); the
reaction was assumed complete when the melt formed a
light yellow color and no further color changes occurred.
Under strong heating, nitrogen was then passed through
the melt to remove final traces of chlorine gas, Prior to
use, the pale yellow melt was finally filtered through
sintered silica. Analysis of the CdCly for Cd (electrolyti-
cally) and chloride (gravimetrically) showed that the
purity of the product was better than 99.98%.

from the ionic mobilities.

TasLe 248. CdClL-CsCl: Eﬁuivalent conductance
(ohm™1 ¢cm? equiv™?)

Mol % CsCl
T 50
823.2 30.0
873.2 33.8

are based on the work of Kwak and Ketelaar (paper electrophoresis

"method) [132].

TasLe 249. Density studies: CdCl,-CsCl

Investigations critically re-examined

T - i
Ref. [ MC[;S]C;Z Temp, range Comments
103 [ 0-100 873-1113 | Cell material: sinker of

| Pt-10%Rh alloy; Pt wire; -

' calibration: water

Deviations from previous NSRDS recommendations: [1, p. 6]

]
Ref. MCQSIC}/,?J \l Min. departure Max, departure
103 100 |  —0.23% {1100 K) —0.44% (980 K)

Comment: Bloom et al. [103] corrected for salt condensation on
the wire, upthrust due to surface tension and the buoyancy of the
sinker in air. The corrections were usually between 0.1 and 0.2%.
Reported standard deviations in the density measurements were
between 0.6 X 1073 g cm™3 (69.8 mol % CsCl) and 2.1 X 107¢
gem™® (38.9 mol % CsCl).

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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Tasre 250. CdCl.-CsCl: Density (g cm™3)

Mol % CsCl
T 100.0 86.8 69.8 53.3 38.9 25.7 17.6 0.0
880 3.231
890 3.220
900 3.135 3.210
910 3.124 3.199
920 2,831 2.837 3.018 3.114 3189 3.323
930 2.821 2.828 ' 3.008 3.103 3.178 3.315
940 2.811 2.818 2.882 2.998 3.093 3.168 3.307
950 i 2.800 2.809 2.872 2.988 3.082 3.157 3.299
960 2.790 2.799 2.862 2.977 3.072 3.146 3.291
970 2.780 2.790 2.852 2.967 3.061 3.136 3.283
980 2.714 2.710 2.780 2.842 2.957 3.051 3.125 3.275
990 2,704 2,759 2.7711 2.832 2.947 3.040 3115 3.267
1000 2.694 2.749 2.761 2.822 2.937 3.030 3,104 3.257
1010 . 2.684 2.738 2.752 ! 2.812 2,927 3.019 | 3.004 3.251
1020 2:673 2728 2.742 i 2.802 2917 3.009 2.083 3.243
1030 2.663 2,417 2.{33 2.792 2.901¢ 2.998 3.U13 3.233
1040 2,653 2.707 2.724 2782 2.897 2.988 3.062 3.227
1050 2.643 2697 2.714 2772 2.886 2977 3.052 3.219
1060 2.632 2.686 2.705 2.762 2.876 2.967 3.041 3211
1070 t 2.622 2.676 2.695 2,752 2.866 2.956 3.030 3.203
1080 ' 2,612 2.666 : 2.856 3.020
1090 . 2602 2.655 2.846
1100 2.592 f
1110 ' 2.581 L
Temperature-dependent equations
p=a- b1
Mol % CsCl a 510 Stand. deviation
0.0 4.059 —0.800
176 4.156 —1.052 0.0008
25.7 4.083 —1.053 0.0010
389 ) 3.949 —1.012 0.0021
53.3 3.824 —1.002 0.0008
69.8 3.707 —0.946 0.0006
86.8 3.783 —1.034 0.0009
100.0 3.718 —1.024 0.0010

These values are based on the work of Bloom et al. (Archimedean method) [103].
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CdCl:-KCl-

- ¥ i T ; R T T T T T
ch| -KCl ]
g 700}~ /’/—
- @ | ‘l N
3 L
g T
$ so0f N\ : 459
g o e
hd 339\ a—, /68 386.8 |
P Yoy F—K oy ——y X— XS X XX XKy
. 33.8 ©2.8 .
300} ) -
- ] 1 1 . | L ! L
o] 20 40 60 80 {o]e;
cdcl, : KCl
. Mot % KCI -

Ficure 32. Teﬁperature-composition phase diagram for CdCl-KCL

Herman Brand, Neues Jahr. Min. Geol., 32, 627-700

(1011).

E. P. Dergunov, Doklady Akad Nauk S.S.S.R. 64,
51:—20 (1949).

-Melt Preparation and Purification

Tarasova [13] dehydrated CdCl, in an atmosphere of
HICl gas for a period of 6 hours. The pure CdCl, had a
melting point of 568 °C. Analysis for total chloride was
performed by the Volhard method and cadmium was
weighed as its oxide.

Bloom and Heymann [25] used AR. purity KCI and

purified CdCl, (Electrolytic Zinc Co., Tasmania) by dehy-

dration followed by fusion in a dry HCI atmosphere.
Standard methods were employed for analysis; the electro-
analytical method was used for cadmium.

The preparation of pure CACl, by Boardman et al. [26].

is_discussed under the BaClo-CdCle system. Pntagelum‘

chloride was analytical reagent purity.

Bronstein and Bredig [147] used chemically reagent
grade salts ‘which were predried for.several days and
finally dehydrated under vacuum. Drying was' executed -at
temperatures up to 50 degrees below the melting points
and until a pressure of 20 microns was. obtained.

Reagent- ‘grade CdCl, used in reference. [180] - was
vacuum dried at 200 °C for two days and KCl was oven
dried at 200 °C overnight.

Tasie 251, - Electrical conductance studies: CdCl-KCl

Investigations critically re-examined

Ref. ! MIEP% Temp. range Commgnts: '

12 {0-100 1073,1173 | Cell material: quartz vessel or .
silica U-tube; Pt electrodes 3
calibration 1N KCl solutions

13 |17.8-521 713-773 Cell material: Pyrc% glass;

: Pt electrodes :

14125-72 713-813 Calibration: molten KNO..

25 0—-100‘ 843-993 Cell material: Supremax glass;
Pt electrodes; freq. range:
~3000 Hz; calibration: molten
PbCl;-and 1IN KCI solutions

116 | 0-78.7 823-998 '

‘132 | 50 (g) 723-813
1471 35-72 (g) 633-873 | Cell material: AL,Os; freg.
. range: 500-10,000 Hz; calibra-
tion: 1 demal KCI solutior_l
160° 0-100 (g) 1073 '

Comparisons with NSRDS recommendations:
{1, pp. 5, 11 and this volume]

Ref. MIEICEZ; Min, departure Max..departure
12 100 27% (1173.K) 34% (1073K)
116 54 —0:57% (998 K) —1.69% { 873 K)
12 o —50% (1078K) | —7.6% (1173K)
25 | ¢ 0.0% (.918K) 0.27% (- 963 K),
116 .0 0.64% ( 908 K) 2.32% ( 868 K)

*100% values were extrapolated.

*Data (equivalent conductivities) from reference [12]. -

Comment: Tarasova [13] tested the reliability of the apparatus
with measurements on molten NaNO: and CdCl. .Experiniental
results for CdCl: were close to literature values while those for
NaNO, were about 19, higher.

Comments regarding reference [25] are given under the CdCHKCl
system.
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Tasie 252. CdCl-KCl: Specific conductance (ohm™ cm™?)
Mol percent KCI
T 83.9 79.6 7‘_1-.8 69.2 66.5 59.2 54.0 494 39.4 324 29.0 20.3 9.5 0
850 1.164 1.167 1.200 1.247 1.321 1.447 1.514 Il 1.540 1.627 1736 1.880
860 1.189 1.194 1.225 1.271 1.346 1.473 1.542 1.569 1.659 1768 1.909
870 1.213 1.220 1.250 1.294 1.370 1.499 1.570 1.598 1.691 1.800 1.937
880 1.278 1.238 1.246 1.275 1.317 1.394 1.525 1.598 1.626 1.722 1831 1.965
890 1.306 1.262 1.272 1.300 1.340 1417 1.550 1.626 1.655 1.752 1.862 1,993
900 1.332 1.287 1.297 1.324 1.363 1.440 1.575 1.653 1.683 1.783 1892 2.020
910 1.359 1.311 1.322 1.347 1.387 1.463 1.600 1.679 1.710 1.812 1.922 2.047
920 [1.290} 1.385 1.336 1.347 1.371 1.410 1.485 1.625 1.705 1737 1.841 1951 2074
930 11.368] 1411 1.361 1.371 1.394 1.433 1.507 1.649 1.731 1.764 1.870 1.980 2.100
940 [1.4371 1.437 1.385 1.395 1.417 1.456 1.529 1.673 1.757 1.791 1.898 2.008 2.126
950 [1.495] 1.462 1.410 1.419 1.439 1.480 1.550 1.696 1.782 1.817 1.926 2.036 2152
960 [1.544] 1.487 1.434 1.442 1.461 1.503 1.571 1.719 1.806 1.843 1953 | 2.063 2177
970 [1.438] [1.582] | 1.512 | 1459 1466 | -1.483 1.526 1.592 1.742 1.831 1.869 1.979 2.089 2.202
980 {1.552] [1.611] 1.537 1.483 1.488 1.505 1.549 1.612 1.765 1.855 1.894 2.005 2.116 2.227
990 [1.666}1 [1.630] 1.561 1.506 1.511 1.526 1.573 1.631 1.787 1.878 1.919 | 2031 | 2241 2.251
Temperature-dependent equations
k=a -4 bT 4 cT?
Mol % KCI a b 103 ¢+ 106 Stand. errox
o Bt of est.
0 —1.8198 5.8171 —1.7225 0.12%
9.5 —2.9381 7.7335 —2.6294 0.12%
20.3 —2.9336 7.4930 —2.5032 0.11%
29.0 —2.1492 5.7421 —1.6496 0.14%
324 —2.2999 6.1049 —1.9038 0.06%
39.4 —1.9636 5.3671 —1.5943 0.06%
49,4 —2.0954 5.5694 ~1.8230 0.07%
54.0 —0.7277 2.3235 0 0.06%
59.2 —2.1210 5.2626 —~1.5946 0.08%
66.5 : —2.1757 5.2027 —1.4936 0.08%
69.2 —0.9225 2.4549 0 0.27%
74.8 —22754 5.3478 —1,4878 0.05%
79.6 [—48.1099] [99.0823) [—49.3333] 0.00%
83.9 [ —9.5874] [11.3667] 0 0.00%
These values are based on the work of Bloom and Heymann (classical ac technique) [25).
TaBLg 253. Density studies: CdCl.-KCl
Investigations critically re-examined
Ref. MKOIC }7/0 Temp.Trange Cell material Calibration
9 0, 33.3, 66.6 873-1073 Pt bob, Pt wire Water (17 °C)
26 0-75.2 773-1023 Silica dilatometer Molten AgNGO;
122 20, 40, 60, 80 871-993 Quartz bob, Pt wire
165 50 713, 873, 973
193 0-90 873, 975
206 33.3-66.7 753 Pt sphere, Pt wire
Comparison with NSRDS recommendations: [1, p. 11 and this volume]
Ref. [ l}éﬁ]% Min. departure Max. departure
122 60 0.30% ( 871 X) 0.58% (924 K)
193 60 1.7 % ( 873 K) 1.8 % (973 K)
9 0 —0.50% (1070 K) —1.3 % (870K)
193 0 —0.51% ( 873 K) —0.64% {973 K}

Comments: Boardman et al. [26] applied corrections for the shape of the meniscus, buoyancy and expansion of the silica glass. In gen-
eral the method was not successful above 700~750 °C due to chemical attack on the silica glass. Values for pure CdCl: are those recom-
The authors report a maximum error of +:0.2% in the density values for mixtures.

mended in NSRDS-NBS-15 [1].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975



PROPERTIES OF CHLORIDES. AND ‘MIXTURES.

TaBLE 254 CdC]g-'KCl: Density (g cm™3)

979

Mo! percent KCI
T " 1752 60.0 40.8 169 0
740 ) 2.408 2735
750 2.400 2725
760 2.392 2.716
770 2.384 2.706
780 2.375 2.697
790 2.367 2.687
800 2.359 2.678
810 2.351 2.668 3.109
820 2.343 2.659 3.100
830 2.33% 2.649 3.090
840 2.326 . 2.640 3.081
850 2.318 2.630 3.071
860 2.310 2621 *3.061 3.377
870 2.302 2.611. 3.052 3.368
880 2.058 2203 | 2602 3.042 3.360
890 2.051 2.285 2.592 . 3.033 3.351
900 2.044 2271 2.583 3.023 3.343
0210 2.037 2.260 2573 3.013 3335
920 2.030 2.261 2.564 3.004 3.326
930 2.022 2.252 2.554 2.99%4 3.318
940 - 2.015 2.244 2.545 2.985 3.309
950 2.008 2236 2.535° 2975 3.301
960 2.001 2.965 3.293
970 1.994 2.956 3.284
980 -1.986 . 3.276
990 1.979 3.267
1000 1.972
1010 1.965
1020 1.958
Temperature~dependent equations
p=ua-+bT
Mol % KC1 a b+ 10%
0 .4.099 —84.
169 3.887 —9.6
40.8 3438 —~9.5
60.0 3.015 —82
75.2 2,692 —7.2

These values are based .on the work of Boardman et al. (dilato.
metric method) [26].

TaBrE 255, Viscosity studies: CdCI-KCl

.- Investigations critically re-examined

Ref.

KCl

Mol % Temp.Trange ‘ Cell material . Calibration -
36 0-784 723-973 B.T.H. C-14 glass viscometer Molten KNO=
180 33.7-50.7 682-1127 Glass viscometer with upper ‘
reservoir and capillary made
of Pt alloys
206 33.3-66.7 753 Glass Ostwald viscometer
Comparison with NSRDS recommendations: {1, p. 5 and this volume]
Ref. Mlglczfa Min. departure Max. departure
180 50 1.5% (723 K) 4.2% (923 K)
180 34.6 5.7% (7123 K) 6.8% (873 K)
36 0 0.0% (948 K)

0.87% (873 K)

Comments: To overcome corrosion problems, Ellis [180] limited his viscosity measurements to temperatures not exceeding 650 °C.
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TaBLe 256. CdCl-KCI: Viscosity (cp)}

Mol percent KCI

T 78.4 73.9 62.5 54.4 49.9 489 T 344 23.5 0.0
730 3.18 3.19 3.20 3.24 3.68
740 3.01 3.02 3.04 3.08 349
750 2.86 2.87 2.88 2.92 3.32
760 2.73 2.73 2,74 2.78 3.15
770 2.60 2.60 2,61 2,65 3.00
780 248 2.48 2.49 2.53 2.86 3.08
790 2.37 2,37 2.37 242 2.73 2.95
800 2.26 2.26 227 2.32 2.61 2.83
810 217 2,16 2.17 2.22 2.50 2.72
820 2,07 ) 2.07 2.07 213 2.39 2.61
830 [2.06] 1.99 1.99 1.99 2.04 2.29 2.51
840 [1.98] 191 191 191 1.96 2.20 2.42
850 [1.90] 1.84 1.83 1.83 1.88 2.12 2.33
860 [1.83] 177 176 1.76 1.81 2.03 2.25
870 [1.76] 1.70 1.70 1.69 1.75 1.96 217
880 17 [1.70} - 1.64 1.63 1.63 1.68 1.89 2.09 2.21
890 1.65 [1.64] 1.58 1.57 1.57 1.62 1.82 2,02 2.21
900 1.59 [1.58] 1.53 1.52 1.52 1.57 1.75 1.96 2.15
910 1.53 [1.53] 1.47 1.47 1.46 1.52 1.69 1.90 2.10
920 1.47 [1.47] 1.42 142 141 1.47 1.64 1.84 : 2.05
930 1.42 [1.43] 1.38 1.37 1.37 1.42 1.58 1.78 2.01
940 1.37 [1.38] 1.33 1.33 ) 1.32 1.37 1.53 1.73 1.96
950 1.32 [1.24) 1.29 1.20 1.28 1.33 148 1.68 1.92
960 1.28 [1.29] 1.25 1.25 1.24 1.29 1.44 1.63 1.88
970 1.24 [1.25] 1.22 1.21 1.20 1.25 1.39 1.58 1.84
Temperature-dependent equations
7= a-+ bT 4 cI% - d1*
n=A*exp (E/RT)
E Stand.
Mol % KCl a ) be 10t ¢+ 10t d - 108 A+ 10? (oal mol1) Oefr;(;:.
0.0 23.837 3937 0.53%
23.5 10.266 5272 0.32%
34.4 79274 5692 1.66%
489 6.977 5567 0.85%
49.9 6.124 5740 1.60%
5¢.4 6.313 5689 L16%
625 6.544 5632 1.57%
73.9 [58.1443}. [—1.6339] [1.5971) [—5.3333] 0.00%
78.4 ’ 5.392 6049 0.17%
These values are based on the work of Harrap and Heymann (capillary method) [36].
TaBLE 257. Surface tension studies: CdCl-KCl
Investigations critically re-examined
Ref, le){:}% Tem?.Tx;ange Cell material Calibration
234 0-100 (g) 873,973 B.T.H.—C46 glass capillary, melt contained in tube of B.T.H.-Cl4 Water
glass
255° 0-100 (g) 713, 873,973 L

2Data takon from reference [234].
Comment: The authors {234] report a maximum error of 1% in their surface tension measurements, Calibration of the capillary was re-
producible to better than 0.3% and measurements in the molten salts were reproducible to 0.2%.
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TabLe 258. CdCl-KCl: Surface tension (dyn cm™1)

TasLe 259. Electrical conductance studies: CdCl-LiCl

Mol % CdCi. 873K 973K Investigations critically re-examined
0 110. 102. LiCl Temp. range
10 104, 97.0 Rel. | Mol % (n Comments
20 99.5 92.8 31 0-100 797-1023 Cell material:‘capillary cells of
30 95.5 89.5 silica or B.T.H. #37 glass; Pt
40 92.8 86.9 electrodes; freq. range: 100—
50 91.0 85.2 10,000 Hz; 1N KCl solutions
60 9.5 84.6 ‘
70 90.0 044 Deviations from previous NSRDS recommendations: [1, pp. 4, 111
gg gz: g‘;ﬁ Ref. [ I\}‘(‘:IC% ’ Min. departure ’ Max. departure
100 82.5 80.5 31 100 1.7% (1010K) 2.3% (910K)
These values have been interpolated from the graphical presenta- 31 ¢ —0.10% (920K) 0.19% (1000 K)

tion of Boardman et al. (maximum bubble pressure method) [234].

CdCl.-LiCl
L I R R T T T
CdCl,-LiCl

GOOF

°C)
-

Temperature
T
|

500~ 1

I} 20 40 60 80 . 100
cdcl, LiCl
Mol % LiCl ’

Frcure 23, Temperature.composition phase diagram for CdCL-LiCL

S. D. Gromakov, Zh. Fiz. Khim., 24, 641 (1950).

Melt Preparation and Purification

Bloom et al. [31] used salts of A.R. purity or prepared
to a purity of at least 99.89%. Cadmium chloride was madc
by reacting pure cadmium metal (99.96%; Electrolytic
Zinc Co. of Australia Lid.) with a stream of dry HCI
gas. The mixtures were made by weighing the dry salts
which had been previously fused and allowed to cool in
desiccators. Standard methods of analysis were used and
the electro-analytical method was used for cadmium.

*Bloom et al. [31] used a dipping type conductivity cell with one
platinum electrode enclosed in a capillary tube and the other elec-
trode outside. Conductivity through the glass wall of the capillary
tube was found to be negligible when compared to that of the melt.
Overall accuracy of the measurements was estimated at #0.5%.

TaBLE 260. CdCI-LiCl: Specific conductance (ohm~™* cm™?)
Mol percent LiCl

T | 100 75.0 50.0 25.0 0
800 2.18
810 2.69 2.22
820 2.74 2.26
830 2.78 2.30
840 2.82 2.33
850 3.78 2.87 2.37
860 3.83 2.91 2.41 1,91
870 388 205 2.44 1.94
880 3.92 2.99 248 1.97
890 3.97 3.04 2.52 1.99
200 5.96 4.02 3.08 2.55 2.02
910 6.01 4.06 312 250 2.05
920 6.05 411 - 3.16 2,63 2.08
930 6.10 415 3.20 2.66 2.10
940 6.15 420 3.24 2.70° 2.13
950 6.20 4.24 3.28 2.73 2.16
960 6.24 4.28 3.32 2,77 218
970 6.29 4.33 3.36 2.80 2.21
980 6.33 4.37 3.40 2.83 2.24
290 6.38 441 2.44 2.7 2.26
1000 6.42 445 3.47 2.90 2.29
1010 6.46 4.50 3.51 2.93 2.31
1020 6.50 4.54 3.55 2.97 2.34
Temperature-dependent equations
k=A +exp (E/RT)
Mol % LiCl ‘ 4 (cal mol™?)
0 6.92 2200
25.0 9.09 2270
50.0 10.3 2160
75.0 11.3 1850
100 12.6 1340

These values are based on the work of Bloom et al. (classical ac
technique) [31].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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" TaBLE 261. Density studies: CdCl.-LiCl

Investigations critically re-examined

LiCl Temp. range
Ref. Mol % (T)
31+ 0-100 797-1023
165 58.2 773~ 973
193 0-90*~ 873,973

. Comparisons with NSRDS recommendations:
{1, pp. 4, 11 and this volume]

Ref, Nﬁ;lal % Min, departure Max. departure
31 100 0.00% (970 K) —0.20% (910K)
193 - 50 —1.17% (873K) —121% (973K)
193 0 —0.51% (873 K) —0.64% (973 K)

"Bloom et al. [31] used a sinker and suspension wire of 10%
Rh-Pt for their density determinations. Precautions were taken to
prevent air bubbles from clinging to the sinker, and corrections
were made for thermal expansion of the silica glass. Accuracy was
reported to be within #0.1%.

The density values for pure cadmium chloride [31] are those re-

ported in NSRDS-NBS-15 [1].

Tasre 262. CdCl-LiCl: Density (g cm™?)
Mol percent LiCl

CdCl:-NaCl
] —’7 T l T |
800[_ CdCl,~NaCl
g
@
5 600} .
B 1
Lo -
Q .
g :
[ _‘
o @ 0o o
400 . o ° e o
N ] | ] ) ] ] _
[¢] 20 40 60 80 100
cdcl, NaCl
Mol % NaCl

Ficure 34. Temperature-composition phase diagram for CdCl,-Na(l,

H. Brand, Neues Jahrb. Mineral., Geol., Pélaontd Beil,
Band, 32, 627 (1911).

T 100 75.0 50.0 25.0 0
800 3.158 . eps e
810 2792 3,150 Melt Preparation and Purification
820 2.783 3.142 . . . =
830 2775 3.133 Sodium chloride used in references [234, 25, 26, 36]
840 9.766 2195 was of A.R. purity. Cadmium chloride was made from pure
850 2.240 2.758 3.117 electrolytic cadmium (Electrolytic Zinc Co., Tasmania),
860 2.23¢ 2.749 3.109 3.370 dehydrated and subsequently fused while a stream of HCl
870 2.228 2.741 3.100 3.362 gas was passed through the melt to remove products of
880 2.222 2,732 3.092 3.354 hvdrolvsi h th d | I 103]
890 2916 2794 3004 2,846 ydrolysis. The method used by Bloom et al. [
900 1.491 2911 2.715 3.076 3.338 described under the CdCly-CsCl system for the preparation
910 1.487 2.205 2.707 3.067 3.330 of pure CdCl, is probably superior to the earlier methods
020 1.484 2,100 2.609 3,050 3.322 uwsed [25, 26, 36].
930 1.480 2.193 2.690 3.051 3.314
940 1.476 2.188 2.682 043 3.306
950 1472 2182 9673 3'034 3.208 TABLE 263, Electrical conductance studies: CdCl.-NaCl
960 1.468 2.176 2.665 3.026 3.290 Investigations critically re-examined
970 1.464 2.170 2.656 3,018 3.282 NaCl T
980 1.461 2.165 2.648 3.010 3274 Ref. | wrol % e Comments
990 1.567 2.159 2.639 3.001 3.266
1000 1.453 2153 2.631 2993 3.250 27* 0-100° !23-973 Call material: Supremax glass;
1010 1.449 2147 2.623 2985 | 3.250 Pt electrodes; freq. range:
1020 1.445 2141 2614 | 2977 3.242 ~3000 Hz; calibration: molten
= - PbCl: and N KCI solutions
Temperature-dependent equations
p=a-+bT 132 | 50 823,873
Mol 9% LiCl . a b 104 Deviations from previous NSRDS recommendations: [1, p. 11)
0 4.058 ! —8.00 NaCl .
’ L . t . d t
250 3618 Py Ref Mol % Min. departure Max. departure
50.0 3.476 —845 25 [ 0 0.0% (918K) 0.27% (963K)
13(5)’0 ?;gg —gg *Bloom and Heymann [25] used a dipping type conductivity cell
. > in which one Pt eleotrodo was encloced in a capillary tube and the

These values are based on the work of Bloom et al, (Archimedean
method) [31].

J. Phys. Chem. Rcf. Data, Vol. 4, No. 4, 1975

other electrode was outside. Conductivity through the glass wall of
the capillary tube was found to be negligible compared with that of
the melt. Using a Wien bridge, resistance measurements were made
to within 0.1 to 0.2%. The cell constant did not change appreciably
(0.3%) during prolonged use of a capillary.

*Mixtures reported graphically.
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* TaBLE 265. Density studies:' CdCl-NaCl

Investigations critically re-examined

8 . { . -1om-t
TaBLE 264. CdCl-NaCl: Specific conductance (chm™* ecm™?) Ref. h}/}qoal(;%’ Tem&’r)ange Comments
Mol % NaCl | 823K 873K 923K 973K
- 26" 0-65.7 773-998 Cell material: silica glass
0 1oz 1.9¢ 2.00 2.24 dilatometer; calibration: -
10 .1.86 2.00 217 2.32 molten AgNO.
20 1.87 2.04 221 2.36 ]
20 1.90 2.08 225 2.38 165 50 773-973
40 1.92 2.10 2.28 240
50 1.94 212 2.29 240 198 | 0% 873,973 ‘
60 1.96° 2.14 2.31 2.44 Deviations from previous NSRDS recommendations: [I, p. 11]
70 2.06* 2.20 2.35 2.54 NaCl
80 2945 2,38 2.50* 2.70 Ref. M(f] % Min. departure Max. departure
90 257 2.66* 2.78% 257 -
100 207 3.06 391 399 193 ¢ —0.51% (873K) —0.64% (973K)

*Extrapolated values. )
These wvalues have been interpolated to three significant figuree
from the graphical presentation of Bloom and Heymann (classical

ac technique) [25].

*Boardman et al. [26] applied corrections for the shape of the

" meniscus, buoyancy and expansion of .the silica dilatometer. The
authors state that the method cannot be used above 700-750 °C due
to chemical attack on the silica glass. A maximum error of

+0.20% in the density values was reported. The density values for
pure cadmium chloride in ref. [26] are those recommended  in
NSRDS-NBS-15.

TasLe 266. CdClNaCl: Density (g cm™3)

Mol percent NaCl

T 65.7 55.7 4.5 35.2 222 0
780 2654
. 790 2.646
800 2.637
810 .2.628
820 2.620 2.974
830 2611 2964
. 840 2.603 ) 2953
© 850 : 2594 2.184 2943
860 2.418 2.585 2.775 2.933 3.120 3.377 -
870 2.409 2577 2.766 2.922 3.111 . 3.369
880 2401 2568 2,757 2912 3.101 3.360
890 2.393 2.560 2,747 2.901 3.092 3.352 .
900 2.585 2.551 2.738 2.891 3.082 3.343
910 2377 2.542 2,729 2.881 3.073 3.335
920 2.368 2.534 2720 2.870 3.063 3.327
930 2.360 2.525 27111 2.860 3.054 . 3.318
040 2,352 2.517 2,701 2.819 3.014 3.310
950 234 2508 2.692 2.839 3.035 3.301 -
960 2.336 2.499 . 3.025 3.293
970 3.016 3.285
980 3.276
990 3.268
Temperature-dependent equations
p=a-bT
Mol % NaCl 1 a b+ 10°
0 4.099 — 84
222 3.937 — 95
35.2 3.827 ~10.4
44.5 3.566 — 92
55.7 3.325 — 86
65.7 3323 — 8.2

These values are based on the work of Boardman et al. {dilatometric method) [26].

J. Phys. Chem. Ref. Data, Vel. 4, No. 4, 1975
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TasLe 267, CdCl-NaCl: Density (g em™)

Mol percent NaCl

T 60 50 40 30 20 10 0 45
800 2.560 2.734
810 2.553 2.727
820 2.545 2.719
830 2.538 2,712 2.877
840 2.530 2.704 2.869 3.023
850 2.522 2.696 2.861 3.015 3.156 2.780
860 2,513 2.688 . -2.853 3.007 3.148 3.274 3.384 27171
870 2.505 2.679 -2.844 2.998 3.139 3.265 3.375 2,763
880 2.496 2.670 2.835 2.989 3.130 3.257 3.366 2.754
890 2.487 2.662 2.827 2.981 3.122 3.248 3.358 2.745
900 2478 2.652 2.818 2.971 3113 3.239 3.348 2336
910 2.469 2.643 2.808 2962 3.103 3.230 3.339 2,727
920 2460 2.634 2.799 2.953 3.094 3.220 3.330 2,718
930 2450 2.624 2.789 2.943 3.084 3.210 3.320 2.708
940 12,440 2.614 2719 2.933 3.074 3.201 3.310 2.698
950 2430 2.604 2.769 2.923 3.064 3.190 3.300 2.688
960 2.420 2913 3.054 3.180 3.290
970 3.043 3.170 3.279
980 3.159 3.269
990 3.258
Two-dimensional equation and statistical parameters
p=a-+ bC+ cT3 4 dC3
! Stand,
a b 10 ¢+ 10% 1 d - 107 ng‘ percent error
4 cpartuie of est.
v 0.40%
2.00068 1.93015 —3.76995 i —3.07505 (960.0 K, 34.3 mol %) 0.18%
: CdCl.
These values are based on the work of Boardman et al. (dilatometric method) [26]. € = mol % CdCl..
TaBLE 268. Viscosity studies: CdCl,-NaCl
Investigations critically re-examined
Ref NaCl Temp. range Cell srial . .
. Mol % ¥4 ell materials Calibration
36 0-72.8 723-973 B.T.H.—C14 glass viscometer [ Molten KNOs
Deviations from previous NSRDS recommendations: {1, p. 11]
NaCl .
Ref. Modic% Min. departure Max, departure
36 0 0.6% (948K)

0.87% (873 K)

J. Phys. Chem. Ref. Data, Vol. 4,

No. 4, 1975
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- TaBie 269. CdCl:NaCl: Viscosity (cp)
Mol percent NaCl

T . 72.8 50.0 455 - 40.0 25.5 0.0 .
730 - 3.38 343 3.56

740 321 3.25 3.38

750 3.05 3,09 3.22

760 2.90 2.93 3.06

770 2.76 2.79 2.92

780 2.63- 2.66 2.78 2.89

790 : 2.51 2.54 2.65 2.77

800 2.39 243 253 2.66

810 ) 2.29 , 2.32 242 2.56

820 ' 219 - 222 : - 231 246

830 R 2.09 213 2.21 2.37

840 ' 201 204 212 : 228

850 193 1.96 2,04 2.20

860 185 1.89 196 - 212

870 © 178 . 1102 . 1.89 2.05 .
880 172 . 175 1.82 193 2.2m
800 : 1.66 1.69 1.76 1.92 [221]
900 : : 161 1.63 : 1.70 1.86 : [2.15)
010 1.56 1.57 1.65 1.80 . 1910}
920 151 152 - 160 1.74 ‘ [2.04]
'930 155 147 . 147 1.55 . 1.69 [2.00]
940 ' 1.50 ' 143 ) 142 151 1 1.64 11.95]
950 ' 146 © 139 . 137 147 L0 [1.91
960 142 1.35 1.33 - 144 155 [1.88]
970 _ 1.38 : 132 o 1.29 141 1.51 [1.84)

Temperature-dependent equations
p—=ad BT 4 T2 4 dTR
n=24A+exp (E/RT)’

o : : B E - Stand.

Mol % NaCl a b+ 101 c+ 10% d+108 | 410 (cal mol~1) . vefrror :

. . of est.

.0.0 [20.0982] [—0.34341 [0.16001 [0.000004] : 0.00%

255 1.045 5146 0.55%.
40.0 64.3414 —1.7725 1.6798 —5.3747 .. 1.03%"

45.5 0.659 5733 142%
500 | 6675% —18%5 | 18328 | —6.0360 o o 129

728 : o o 0.980 5006 0.47%

These values are based on the work of Harrap and Heymann {capillary method) [36].

TaBLE 271. CdCl-NaCl: Surface tension (dyn cm™?) .

: Mol % NaCl 913K 1073K -
TasLe 270. Surface tension studies: CdCl-NaCl -
: - 0 82.4 - 79.2
Investigations critically re-examined 10 84.3 80.7
: 20 86.2 81.7
Ref. ‘ ﬁﬁc‘}l;, - Temp. range 30 . 880 _ 83.4
’ 4 K A
234" 0-100 (g) 973, 1073 58 ' gig ggz
*Data werc presented in-graphical form. The value for 100% NaCl 60 99.4 92.1
at 700 °C was obtained by extrapolation. The capillary was drawn 70 104 96.4
from British-Thomson-Houston C46 glass tubing, and the calibration ' 80 110. 102,
was performed with tap water. After each series of measurements on 90 117. 108.
a particular mixture, the capillary was. recalibrated. The maximum . 100 125, 116. .
uncertainty was given by the authors {234} as =1%.

These values have been interpolated to three significant figures.’
from the graphical presentation of Boardman, Palmer, and Heymann -
(maximum bubble pressure method) [234]. ’ ’
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CdCl2-PhCl:
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Mol % PbCl,

Ficure 35. Temperature-composition phase diagram for CdCl.-
PbCl.

G. Hermann, Z. anorg. Chem., 71, 257-302 (1911). '

C. Sandcnnini, Atti. Acad. Lincei, 21, 1, 202 13 (1912).

Melt Preparation und Purification

The preparation of pure CdCls in references [234, 25,
26, 36] is discussed under the system CdCl,-NaCl.

References [25, 26, 36] do not give any particular
details concerning the preparation of pure PbCle, but
indicate that salts were of analytical grade purity or pre-
pared from reagenis of analytical grade purity and recrys-
tallized. Mixtures were analyzed for total chloride and
lead was determined gravimetrically as the chromate or
sulfate salt.

JANZ ET AL

TasLe 272. Electrical conductance studies: CdCl-PbCl:

Investigations critically re-examined

Ref. I&(I:IC ‘172 Temp. range Comments
13* | 39.7-100 733-793 Cell material: Pyrex; Pt
electrodes; calibration: molten
] Ca(NOs) .
25° | 0-100° 803973 | Cell material: Supremax glass;
Pt electrodes; freq. range:
~3000 Hz; calibration: molten
PbCl; and 1N KCI solutions
944 | 0-100 (g) 873
117 | 0-100 (g) 813963 Ccll matcrial: quartz; Pt
| electrodes
218 |eutectic (g) 940-1180
Deviations from previous NSRDS recommendations: [1, p. 13}
Ref. 1\1;(1)’1(:17"; Min. departure Max. departure
13 100 0.13% (793K)
25 | 100 0.0% (833K) —0.52% (873 K)

*Tarasova [13] tested the experimental arrangement and proce-
dure by conductivity measurements on molten NaNO; and CdCl..
The author reports that values for NaNO; were about 1% higher
than literature values and results for CdCl: were close to those of
Tubandt and Lorenz (Z. Phys. Chem., 87, 543, 1914).

*Bloom and Heymann [25], using a Wien bridge, report that
resistance measurements were made to within 0.1 to 0.2%. The cell
constant was found to change little (0.3%) during prolonged use
of any one capillary.

“Mixtures reported graphically.

9Graphical data of equivalent conductance versus 9% composition
was given,

TABLE 273. CdCl-PbCl:: Specific conductance {(ohm™* em™ %)

Mol percent PbCl:

T 100 85.6 725 61.8 49.7 39.7
735 1.433 1.488 1.459
740 1.459 1.520 1.482
745 1.487 1.552 1.505
750 1.516 1.584 1.530
755 [1.477] 1.545 1.616 1.556 [1.519]
760 [1.508] 1.576 1.648 1.582 [1.546]
765 [1.540] 1.608 1.680 1.610 [1.574)
770 [1.575] 1.641 1.712 1.639 [1.603]
775 [1.450] [1.611] 1.676 1.744 1.669 [1.633]
780 [1.479] [1.650] 1.711 1.776 1.700 [1.664]
785 [1.507] [1.6901 1.747 1.808 1.732 [1.696]
790 [1.536] [1.732] 1.785 1.840 1.765 [1.728]
Temperature-dependent equations
x=a 4 bT + T?
. ) Stand.
Mol % PbCl, a b 102 ce 10° error
of est.
39.7 8.9396] [—2.4928] [2.000] 0.00%
49.7 9.6082 —2.6580 2.1079 0.23%
61.8 —3.2083 0.6390 0 0.36%
72,5 9.3389 —2.6719 2.1717 0.61%
85.6 [18.3339] [—5.0640] [3.7501 0.00%
100.0 [—2.9672] [5.7001 0 0.00%

These values are based on the work of Tarasova (classical ac technique) [13].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLe 274, Density studics: CdCls-PbCle

Investigations critically re-examined

PbCl; | Temp. range .
Ref. | Mol % Z0) . Comments »

26* 0100 753-998 Cell material: silica glass
dilatometer; calibration:
molten AgNO:

94° | 0-100 {(g) 873

206 50-80 753 Cell material: Pt sphere and
Pt wire

*Boardman et al. [26) applied corrections for the shape of the
meniscus, buoyancy and expansion of the silica dilatometer. The
authors remark that the method cannot be used above 700-750 °C
due to chemical attack on the silica glass, A maximum error of
+0.20% in the density values was reported. The density values for
pure CdCI: and PbCl: were those recommended in NSRDS-NRS-15
I

*Data {rom reference [26].

TasLe 275, CdCL-PbCl:: Density (g cm™3)

) Mol percent PbCl; .

T 100 90 - 80 C 0 60 50 40 30 20 U] 0 616
760 4441 4 4.464
770 4.567 4.426 4,282 : 4.449
780 : 4.552 4412 4.267 . i 4434
790 4.930 4537 4.397 4253 4420
800 | 4.914 4.522 4.382 4,238 4,089 4.405
810 4.899 4.508 | 4.368 4.223 4.076 - 3.603 4.391
820 4.884 4493 | 4.354 4210 4062 | 3.909 3.752 3.590 4376
830 4.869 4,743 4613 | 4.479 4,340 4196 { 4.048 3.896 3.739 3.578 ) 4.362
840 4.854 4,728 4.599 4.465 4.326 4.183 4,035 3.883 3.727 3.566 4,348
850 4.839 4714 4.584 4.451 4.312 4170 4.022 3.871 3.715 3.554 4.335
860 4.823 4.699 4570 | 4437 4.299 4,157 4.010 3.859 3.703 3543 | 8378 | 4321
870 4.800 4.664 4.556 4,423 4.286 4,144 2.997 3.847 2.691 3.522 2.267 4,308

880 4.793 4.670 4,542 4.409 4272 4131 3985 .| 3.835 3.680 3.521 3.357 4.295
890 4.778 | 4.655 4.528 4.396 4.259 4.119 3973 3.824 3.670 3,511 3.348 4.282
900 4.763 4.640 4.514 4.382 4.247 4.106 3.962 3.813 3.659 3.501 3.339 4.269
910 4.748 4.626 4.500 4.369 4.234 4.094 | 3.950 . 3.802 3.649 3492 | 3.330 4.256
920 4.732 4.611 4.486 4.356 4.222 4.083 3.939 3792 -{ 3.639 3483 .| 3.321 4.243
930 4.717 4.597 4.472 4.343 4.209 4.071 3.929 3.782 3.630 34747 ) 3314 4.231
940 4,702 4.583 4.459 4.330 4.197 4.060 3.918 3.772 3.621 3.466 3.306 4.219
950 4.687 4.568 4445 4.317 4,185 4.049 3.908 3762 |- 3.612 3.458 3.299 4.207

960 4672 4038 3.898 3.753 3.450 3.292 4.195
970 4.657 3.286 '
980 4641 | 3.280

990 ’ 3.275

Two-dimensional equation and statistical parameters
p=a- bT +-¢cC? 4 dTC 4 CT?

a b« 108 ¢ 10% d - 108 e 108 Max. percent set:rﬁf'
. ) departure © ofest.
0.36%
6.12822 —1.51722 —2.23281 —3.28610 2.16864 (7882 K 58.2 0.13%
: : mol 9 CdCL)

These values are based on the work of Boardman et al. {dilatometric method) [26]. C = mol % CdCl..
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TasLe 276. CdCl-PbCls: Density (g em™3) . TaBLE 277. Viscosity studies: CdCl-PbCle
Mol percent PhCls Investigations critically re-examined
T 100 794 67.2 | 418 20.1 0 ' PbCls Temp. range
Ref. Mol %
760 4.545
770 4531 36* 0-100 713-853
780 4.518 206 50-80 753
790 4.927 4.504 4.116 Deviations from previous NSRDS recommendations: [1, pp. 11, 13]
800 4912 4.490 4.104 Pbel
810 4.897 4476 4.093 Ref. Mol (72 Min. departure Max. departure
820 4.882 4.620 4.462 4.081 3.747 -
830 | 4.867 | 4.606 | 4.448 | 4069 | 3.737 36 100 —407 {955 K) —16.6% (873 K)
840 | 4852 |4592 | 443¢ | 4057 | 3727 36 0 0.0% (948 K) 0.87% (873 K)
850 l 4.837 4577 4.420 4,045 3717 *Harrap and Heymann [36] measured viscosities using a capillary
860 4.822 4.563 4.406 4.03¢ 1+ 3.706 3.377 viscometer constructed from B.T.H.—C14 glass and calibrated with
370 4.807 4.549 4.392 4.022 3.696 3,369 molten potassium nitrate.
880 4.792 4.534 4.378 4.010 3.686 3.360
890 4.777 4.520 4.365 3.998 3.676 3.352
900 4,762 4.506 4.351 3.986 3.666 3.343
910 4. 747 4,491 4,337 3.975 3.655 3.335
920 4.732 | 4477 4.323 3.963 3.645 3.327
930 4,717 4.463 4309 | 3.951 3.635 3.318
940 4.702 4.449 4.295 3.939 3.625 3.310
050 4.687 ! 4.434 4281 3.027 3.61% 2.201
960 4.672 3.916 3.293
970 4.657 3.904 3.285
980 | 4642 | , 3.276
990 l l 3968
Temperature-dependent equations
p=a+ bT
Mol % PbCl. a | b - 10¢
0 4.099 | — 84
20.1 4.584 —10.2
41.8 5.048 —11.8
67.2 5.602 —139
79.4 5.793 ! —-14.3
100 6.112 | —150

These values are based on the work of Boardman et al. (dilato-

metric method) [26].
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TasLe 278. CdCL-PbCl,: Viscosity {(cp)

) Mol percent PhCl.
T 1 100 749 64.2 518 25.4 0
720 : 5.31
730 4.97
740 465
750 4.36
760 ' 4.54 410 3.99
7178 : 4.31 3.86 3.80
780 ’ 4.08 3.64 3.62
790 : 3.87 : 345 3.44
800 ’ 4.02 3.67 3.27 3.28
810~ 3.80 - 349 3.12 3.13
820 3.61 3.31 2.98 2.98
830 343 3.15 . 2.85 2.84
840 . 3.26 3.00 2.74 2.71 [2.57]
850 3.10 2.86 2.64 2.60 (247
- 860 . H 2.05 2,73 2.55 2.48 [2.27]
870 2.82 2.61 T 247 . 238 [2.29]
880 2.69 ' 2.50 S 2.39 o 229 [2.211 227
890 2,57 241 2.32 2.21 [2.14] 221
90N 246 2.32 226 X 212 207} 215
910 2.36 2.25 2.19 2.06 : [2.02] 4210
920 2.26 2.19 213 2.00 ) [1.97] 2.05
930 . 217 2.13 ' 2.06 1.95 '11.92] - 2.00
940 2.08 . 2.09 1.99 1.91 [1.891 - 1.96
950 2,00 2.06 192 1.88 [1.86) 1.91
Temperaturc-dependent equations
7 = a4 bT 4 cT? 4 dT°
=4 exp (E/RT) ]
T T —
Mol % PbCle | a } e 10t d- 108 LA . 102 (cal n’fol_l) Sta;‘fd;a:{’"’
0.0 I . 2247 wa |- 0%
254 [55.1409] 1 [~1.3302] [1.0572] [—2.6042] ' .
51.8 . 49,6580 —1.0583 0.6711 —09114 - ’ o 1.28%
64.2 214.700 —6.8724 74766 —27.3707 | " 8.76%
) 74.9 71.2361 ‘ —1.6607 1.2262 —2.5744 ? 1.82%
100.0 ; : ! 4.915 6999 1.37%
TaBLe 279. Surface tension studies: CdCl-PbhCl: TaBLe 280. CdCl-PbCle: Surface tension (dyn'em™?)
Investigations eritically re-examined Mol % PbCl: : 873K - : 973 K
Ref. : PbClg Temp. range 0 83.4 81.2
~ Mol % r : 10 86.8 84.3
234" ©0-100 (g) : 873, 973 20 90.7 87.5
*Data were presented in graphical form. The capillary was drawn i:)] : . g‘;g : ggg
from British-Thomson-Houston C46 glass tubing, and ihe calibiation 50 103:0 97:5
was preformed with tap water. After each series of measurements on 60 107.0 1010
a particular mixture, the capillary was recalibrated. The maximum 70 112.0 1045
uncertainty was given by the authors [234] as +1%. 80 1165 1085
90 1220 112.7
100 127.5 117.0

These values have been interpolated to three significant figures
from the graphical presentation of Boardman, Palmer, and Heymann
{maximum bubble pressure method) [234].
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CdClz-RbClI TasLe 282. CdCl-RbCl: Density (g cm~2)

T T T T T T T T T ’ Mol percent RbCl
CdCl,-RiCl 7 |1000 897 774 623 512 399 256 00
360 2.901
' ] 875 2.747 | 2.887
i 890 2.734 | 2.872 | 3.081
905 2.595 |2.720 | 2.857 | 3.067
920 |. 2,582 |2.707 | 2.842 | 3.053 | 3.323
' / ] 935 2443 | 2569 | 2.693 | 2.827 | 3.039 | 3.311
[ x 950 2.430 |2.557 | 2.680 | 2.812 | 3.025 | 3.299
965 2418 | 2.544 | 2.667 | 2.797 | 3.011 | 3.287
. TN A 980 2405 | 2.531 {2653 | 2.783 | 2.997 | 3275
St L = 995 | 2.244 2.302 | 2,518 |2.640 | 2.768 | 2.983 | 3.263
1020 | 2231 | 2.321 | 2.379 |2.505 |2.627 [ 2.753 | 2.969 | 3.251
1025 | 2.219 | 2.309 | 2.366 | 2.493 {2.613 | 2.738 | 2.955 | 3.239
1040 | 2.206 | 2.296 | 2.353 2.600 | 2.723 | 2.941 | 3.227
1055 | 2.193 | 2.283 | 2.341 2.587 2926 | 3.215
1070 | 2.180 | 2.271 | 2.328 2912 | 3.203
L ] L I = — L ~o 1085 | 2.167 | 2.258 | 2.315
c d%lz 20 40 e 1100 | 2.155 | 2.245
1115 | 2.142 | 2.233
Mol % RbCI 1130 | 2.129 | 2.220
FIGURE 30. 'l‘emperaturecombosition phase diagram for CdCl=-RbCL ;;gg ;i(l)g ;igz
F. Hofmann, Neues Jahrb. Min, Abt, 35, 149-62 1175 | 2.091 | 2.182
(1926-7).
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3001 T

) Temperature-dependent equations
B. P. Dergunov, Doklady Akad. Nauk. U.S.S.R., 64, . p—u+ 0T

51620 (1949). Stand.
Mol % RbCl a be10° ptand.
It P o sps __ae 0.0 4.059 —0.800
Me gepar\.uhon and Purification 256 3915 —0.937 0.0006
Preparation of pure CdCl; described by Bloom -et al. 399 3.754 —0.991 0.0006
{1037 is discussed under the system CdCly-CsCl. Koch- 2;‘2 ' ';gzg -gggg ggggg
Light RbCI was us<3d without further purification. Sta}ndard 714 3.243 0855 0.0006
methods of analysis were used for the pure materials as 89.7 3177 —0.847 0.0006
well as the molten mixtures.- 100.0 3.092 —0.852 0.0007
These values are based on the work of Bloom et al. (Archimedean
Tapie 281. Density studies: CdCL-RbCl method) [103].

Investigations critically re-examined

Ref. ]\?«:IIC%; » Tcm?‘T;‘m“ Cell material Calibration

103 | 0-100 | 8571198 [Sinker of 10% Rh-Pt, Water

Pt suspension wire

Deviations from previous NSRDS recommendations: [1, p. 6]

Ref. IJI{(HC%J Min. departure Max. departure
103 100 0.10% (100 X) 0.41% (1198 K)
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Tasie 283. Electrical conductance studies: CdClL-TIC]

o . CdCl-TiCl 33, Llec
800 S { | Investigations critically re-examined
TICl Temp. range
s CdC]z"T‘C\ 568 Ref. Mol % (7) . Comments
12 0-100 873,973 Cell material: silica and quartz -
U-tubes; Pt electrodes;
540 i calibration: IN KCl
14 35-100 733-173 Cell material: glass cell;
Pt electrodes; freq. range:
6 1200 Hz; calibration:
) 480 molten KNOa
~ ’ 70 20 110 733-783 Celi material: éyrex cell;
S_) Pt electrodes; calibration: 0.IN
. +3_ and 0.01N NaCl solutions '
o Comparison with NSRDS recommendations [1, p 12 and
a—) 420 this volume]
e TIC :
QEJ ] Ref. Mol % Min. departure Max. departure
+ 12 100 0.47% (873X) — 25% (973 K)
260 = — 14 | 100 2.0% (756 K) 22% (173 K)
s < 0 | 100 0.22% (173 K) 19% (733K)
(&) 70 100 —0.33% (733 K) ~ 25% (773 K)
L 0 70 48% (733K) 9.0% (7713 K)
© 70 60 S 00% (33 K) 2.8% (113 K)
— 70 575 —09% (753 K) 32% (773K)
300~ 0 | s —088% (T13K) | — 2% (733K)
| 1 ] | 70 525 —2.8% (763K) —~ 40% (143K)
40 80 BO ']00 70 - 50 —6.2% (773 K) — 7.6% {733 K)
0 20 ' ‘ cdci 70 45 —5.8% (773 X) —~12.0% (733 X)
Ticl Mol % CdCl, 2 70 40 —041% (T3K) [ — 77% (133 K)

Fieure 37. Temperaturc-composition phase diagram for CdCl-TICL
A. P. Polkin and I. P. Palyura, Zh. Neorgan. Khim.,,
4, [11], 253 (1959).
TabLE 284, CdCl-TICl: Specific conductance {ohm™* cm™*)

Mol percent TIC1
] 100 75 70 65 60 575 55 525 50 45 0 | 3
735 1.237 1.046 1.030 1.018 - 1.016 1.023 1.032 1.039 1.055 1.082 1.096 - 1.126
740 1254 -} 1.060 1.044 1.032 1.030 1.037 1.046 1.054 1.071 1.096 - | 1112 1.142
745 1.272 1.074 1.059 1.046 1.044 1.051 1.060 1.068 1.086 1.110 1.128 1.158
750 1.290 1.088 1.073 1.059 1.058 1.065 1.074 1.083 1102 | 1124 1.145 1174
755 1309 . 1103 1.083 1.073 1.072 1.079 1.088 1.097 - 1117 1.139 1.161 1.190
760 1.328 1.117 1.102 1.087 1.086 1093 1.103 1.112 1132 1.155 1.178 1.206
765 1.348 1.132 1117 1.101 1.100 1.107 1.117 1.126 1.148 1171 1194 1222
770 1.368 1.146 1.131 1114 1.114 1121 1.131 1.141 1.163 1.188 1.210 1.238
Temperature-dependent equations
k=@a-4 bT + cT?
) 1 . Stand.
Mol % TICI a- 101 b~ 10% “ce 108 error
' ) of est.
35 — 2.57%0 - 6.0841 - z 17336 0:02%
40 —13.153 32.800 0 0.11% -
45 60.754 —161:62 ! 12.746 0.09%
50 —-12.085 30.800 0 0.04% .
52.5 —-~10.922 - 29,000 0 0.00%
55 —10.633 28.501 0 0.04%
575 ~10.348 28.000 0 0.04%
60 —10.646 28,300 0 0.05%
- 65 ~10.031 . 27.500 0 ‘0.03%
70 ~10.866 28.800 . 0 0.08%
75 6.5343 —16.910 3.0277 0.04%
100 j 27.778 . —~176.773 7.5924 0.07%

These values are hased on the work of Protsenko and Popovskaya (classical ac technique) [l‘ﬂ:
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TasLE 285. Density studies: CdCl-TICI
Investigations critically re-examined
Ref. Mal% Temp. range Cell material Calibration
(]
195 0-100 673-968 Quartz float (W core), Pt suspension wire Distilled water
204 0-100 (g) 873 Pt float
Deviations from previous NSRDS recommendations: {1, pp. 11, 12}
Ref. N’IIZlC}% Min, departure Max. departure
195 100 0.00% (780K) —0.12% (720K)
195 0 0.00% (960 K) 0.06% (890K)
TasLe 286, CdCl>-TICl: Density (g cm™3)
_ Mol percent TIC1
T 100 90 80 70 60 . 50 40 30 20 10 0 8
680 5.083
690 5.364 5.067 4.816 5.013
700 5.348 5.051 4.801 4.998
710 5.331 5.035 4,786 4.572 4.207 4982
720 . 5.314 5.019 4.770 4.558 4.370 4.196 4.965
730 5.652 5.297 5,002 4.754 4.543 4.357 4.184 4.014 4,949
740 5.634 5.280 4.985 4,738 4.528 4.343 4.172 4.004 4.932
750 5.617 5.262 4,968 4,722 4.513 4.329 4.160 3.994 4915
760 5.599 5.245 4.951 4.706 4.498 4,315 4.148 3.983 4.898
770 5.580 5.227 4,933 4.689 4.482 4.301 4._135 3973 4.881
780 1.5.562 3.962 '
790 3.785
800 3.776
810 3.767
820 3.758
830
840 3.567
850 3.559
860 . 3.551
870 . 3.543
880 3.535 3.347
890 3.342
900 3.336
910 3.330
920 3.324
930 3.317
940 3.310
- 950 3.303
960 . 3.296
Two-dimensional equation and statistical parameters
=a+ bC 4 cT? 4+ dC? + eC3 4 [TC?
Stand.
a b+ 102 c-10° d - 10t e« 10° fe107 Max. percent error
: departure of est.
‘ 0.43%
6.28372 —3.87720 —1.18610 2,39428 - 1.89636 1.54676 {814.2 K, 80 mol % 0.23%
CdCl,)
These values are based on the work of Markov et al. {Archimedean method) [195]. € = mol % CdCl..
TasLe 287. TdCL-TICl: Density
) Mol percent TIC1
T 100 90 80 70 60 50 40 30 20 0
680 5.089
690 5.346 5.072 4,822
700 5.328 5.054 4.806 4,228
710 5.311 5.037 4.790 4.572 4.214
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TasLe 287.. CdCle-TICI: Density-—Continued

Mol percent TICL

v 100 %0 20 70 60 50 40 0 20 | 0
720 | 5.294 5.020 4.774 4.558 4.377 4.200
730 5.664 5.276 5.003 4.758 4.544 4.363 4.187 L4014
740 5.647 5.259 4.986 4,742 4.529 4.349 4.173 4.002
750 5.630 5.241 4,968 i 4726 4.515 4.335 4.160 3.989
760 5.613 5.224 4.951 4,710 4.500 4.321 4.146 3.977
770 5.596 5.207 4.934 4.694 4,486 4,307 4.132 3.964
780 5.580 3.952
790 : i 3.774
800 3.763
810 3.752
‘820 3.740
830
840
850
860
870
880 3.358
890 3.350
900 3.341
910 3.333 .
920 3.325
930 3.316
940 3.308
950 3.999
960 | , 3.291
Temperature-dependent equations )
p=u-} bT
Mol % TIC1 a b 10t
0 4.098 — 840
20 4.661 : —11.22
30 4,922 —1243 .
40 5.180 —13.60
50 5.398 —14.18
60 -5.593 —14.37
70 5.931 —16.07
80 6.259 —17.21
90 6.548 —1742
100 6.892 ’ —16.82

These values are based on the work of Markov et al. (Archimedean method) {195].

ZnCl..

G. Herrmann, Z. anorg. Chem., 71, 257-302 (1911).

CdCl-ZnCl:2
=T ] T 1 T T T !
- CCU:IZ-ZHCI2 B
S 600 -]
e
o
3
[=]
5 400
a
£
>4
2001— .
L l o I L ! L 1 "
o 20 40 80 80 100
CdClZ ZnClz
Mol % ZnCl,
_ Ficure 38. Temperature-composition phase diagram for CdCl.-

Melt Preparation and Purification

Markov et al.. [93] used “analytical” grade cadmium
and zinc chloride, which were further purified by recrys.
tallization and dehydration with anhydrous hydrogen
chloride. Hydrogen chloride gas was removed from the
melt with dry argon. Zinc chloride was distilled from a
quartz retort into ampoules. The salt mixtures were
weighed and prepared in a dry chamber, and were trans- .
ferred to the quartz floats under an. atmosphere of dry
argon.
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TasLe 288. Density studies: CdClx-ZnCla

Investigations eritically re-examined

Ref.

ZnClz

Mel %

Tewp. range
(V)

Cell material

Calibration

93

0-100

. 628-968

Quartz ball (containing tungsten for weight)

Water and carbon

tetrachloride

Deviations from previous NSRDS recommendations: [1, pp. 10, 11T

Ref. 1%21(: }% Min, departure Max. departure
93 100 0.0% (680K) —0.24% (760K)
93 0 1.32% (920K) 1.37% (880K}

Comment: Markov et al. [93] made no corrections for the expansion of the quartz float since the errors involved were considerably less
than the accuracy of the density measurements (£0.2%). The volume of the floats was checked after each experiment.

TasLe 289. CdCl-ZnCla: Density (g cm™32)

Mol percent ZnCl,

T 100 9% 80 70 60 50 40 30 20 10 0 92
630 | 2.502
645 | 2.496 .
660 | 2.489 2.587 2.567
675 | 2481 2.580 2.560
690 | 2474 2,572 2.553
705 | 2467 2.565 2.663 2.545
720 | 2459 2.557 2.655 2.538
735 | 2451 2.549 2.647 - 2.746 2.530
750 | 2443 2.541 2.640 2.738 2.522
765 2.533 2.631 2.730 2.514
780 2.525 2.623 2.721 2.819 2.506
795 2517 2.615 2,713 2.811
810 2.508 2.606 2.704 2.802 2.900
825 2.499 2.598 2,696 2.79% 2.892
840 2491 2.589 2.687 2,785 2.883
855 2.776 2.874 2972 3.070
870 2.767 2.865 2.963 3.061 3.159 3.257
885 2.757 2.855 2.953 3.051 3.149 3.247 3.346
900 2.944 3.042 3.140 3.238 3.336
915 2.934 3.032 3.130 3.228 3.326
030 3.316
945 3.306
960 3.296
Two-dimensional equation and statistical parameters
p=a- bC + eI?
Stand.
a b 10 ce 107 Max. percent departure error
of est.
2.64349 9.80560 —3.55640 —0.34% 0.11%

(843.2K, 10 mol % CdCl.)

These values are based on the work of Markov et al. (Archimedean method) [193].
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TaBLE 290, CdCle-ZnCl.: Density (g om™3)

995

Mol percent ZnCl.

T 100 %0 82 70 60 50 40 30 20 10 0
630 2.503
640 . | 2.498
650 2.493 2593
660 2.488 2.588 !
670 2483 2,583 ;
680 2478 2578
690 2.473 2573
700 2.468 2.568 2.643
710 2463 2.563 2.638
720 2458 2,558 2.633 .
730 2453 2.553 2.628 2745 |
740 2.448 2.548 2.623 2739 |
730 |. 2443 | 2543 2,618 2734 |
760 2438 | 2539 2,613 2.729
770 ] 2534 2.608 2.723
780 I 2529 2.603 2.718 2.818
790 12524 12,597 2713 2.812
800 2.519 2,502 2.707 2.807 2.908
810 2514 2.587 2.702 2.801 2.902
820 2.509 Z.582 2.696 2,795 2.896
830 2.504 2577 2.601 2.790 2.890
840 2499 2572 2.686 2.784 2,884 _
850 2.778 2.878 2972 3073 :
B6G- 2.772 2.872 2.965 3.067 3.165 3.269
870 2,767 2.866 2959 | 3.060 3.158 3.261
880 2761 2.860 2.953 3.053 3.151 3.254 3.358
890 2,755 2.946 3.047 L3144 3.246 3.350
000 2040 3.040 - 3137 - 3.238 3.341
910 2.933 3033 3.129 3.231 3.333"
920 2.927 3.027 3.122 3.223 3.325
930 3.316
940 3.308
950 " 3.299
960 3.201
Temperature-dependent equations
p=a+ 6T
Mol % ZnCl: a b+ 10
0 4,098 —840
10 2020 —187
20 3.785 —7.20
30 3.643 —6.70
40 3516 —6.40
50 3.388 —6.00
60 3.263 —5.70
70 3.135 —5.35
80 2.997 —5.06
90 2.916 —4.96
100 2,822

These values are based on the work of Markov et al. {Archimedean method) [93).

—5.06
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CeCl:-KCI - Melt Preparation and Purification
T T T T T | Smirnov and Lbov [106] used “chemically pure”
CeCla-KCI recrystallized KCI. The CeCl; was dehydrated by heating
800 3 Liquid = with an excess of NH,Cl at reduced pressure. The tempera-
ture was gradually increased until the salt melted and
! L+ BK3CeClg NH,CI vapors ceased to appear.
L+KoCeCl
. LsCeCly 2 5 623 628 L+KCH
& e00F <N se -
o so6 E— TasLe 291. Density studies: CeCl-KCl
3 I~ " e - Investigations critically re-examined
g Ref. Kcl Temp. fange Comments
Q. . e Mol % (Vi)
g 400F g T . b 3-1173 | Cell material: float;
Ii) 2 LkaceCicrkcr 106 0-100 107 Cell material: tungst.ez1 oat;
. @ - . .
i CeCig + KpCeCls » 3lellg | calibration: molten K
_: Deviations from previous NSRDS recommendations: [1, p. 8]
n
o KCl .
200} , ‘?u ] Ref. Mol % Min. departure Max. departure
KoCeClg—e l.— K3 CeCl,
2CeClg X 3lellg 106 0 0.0% (1100 K) ——0.16% (1160K) -
L | L i I | I | L . % sys .
Smirnov and Lbov [106] checked the reliability of their methad
0 20 40 60 80 100 by density measurements on molten NaCl in the temperature range
CeCl3 KCI . . . .
S Mol % KClI . of interest. The values obtained agreed to =1% with the literature
! ie . data of Yaffe and Van Artsdalen (J. Phys. Chem., 60, 1125, 1956).
Ficure 39. Temperature-composition phase diagram for CeCl-KCL The authors report an accuracy of =+0.002 g cm-3 in the density
Ir-Chzhu Sun and 1. S. Mordzov, Zhur. Neorg. Khim.,, values for their mixtures.
3, 1916 (1958). ) *Data at 100 mol % KCl reported graphically.
Tabprr 292, CcCL-KCl: Density (g em™3)
Mo! percent KCl1
T 90 80 75 60 45 30 15 0
1075 '1.827 2117 2.246 2476 2.677 2.878 3.064 3.261
1080 1.823 2113 2.242 2472 2.673 2.873 3.059 3.256
1085 1.820. 2110 2.238 2.468 2.669. 2.869 3.055 3.251
1090 1.816 2.106 2.235 2.465 2.665 2.864 3.050 © 3246
1095 1.813 2.103 2,231 24061 2.661 2.860 3.046 3.241
1100 1.810 2.099 2.227 2457 - 2.658 2.856 3.041 3.236
. 1105 1.806 2.096 2.223 2453 2.654 2.851 3.037 3.231
1110 1.803 2.092 2220 2.449 2.650 2.847 3.033 3.226
- 1115 1,709 2.089 2.216 2.445 2.646 2,842 3.028 3.221
i 1120 1.796 2.085 2.212 2441 2.642 2.838 3.024 3.216
G 1125 1.792 2.082 2.208 2438 2.638 2.833 3.019 3211
1130 1.789 2.078 2.204 2434 2.634 2.829 3.015 3.206
1135 1.785 2,075 2.201 2.430 2.630 2.825 3.010 3.201
1140 1.782 2071 2197 2.426 2.626 2.820 3.006 3.196
1145 1.778 2.068 2.193 -2.422 2.622 - 2816 ¢ 3.002 3.191
1150 1.775 2.064 2.189 2418 2.618 2.811 2997 3.186 .
1155 1.7 2.061 2.185 2414 2.614 2.807 2.993 3181
1160 1.768 2.057 2.182 2.410 2.610 2.802 2988 3.176
1165 1.764 2.054 2.178 2.407 2.606 2.798 2,984 3.171
1170 1.761 2.050 2174 2.403 2.603 2.794 2979 3.166-
Temperatuire-dependent cquations
p=a + bT
Mol % KC1 a b 103
0 4.336 —1.000
15 4.016 —0.886
30 3.829 —0.885
45 3.521 —0.785
60 3.306 —0.772
75 3.062 —0.759
80 2.868 —0.699
90 2,574 —0.695

These values are based on the work of Smirnov and Lbov (Archimedean method) [106].
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CsCl-GaCls
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TFicune 40. Temperature-composition phase diagram for CsCl-GaCls.

P. I. Fedrov and V. V. Tsimbalist, Zh. Neorgan. Khim.,
9, [7], 1676 (1964); Russ. J. Inorgan. Chem. (English

Translation), 010 (1964).

TabLe 293. Electrical conductance studies: {sCH-Galla

Investigations critically re-examined

Ref. “{}ﬁ]céi Tem?;)-ange Comments
80* | 10-98 {(g) 373-973 Cell material: quartz or Pyrex,

| depending-on temperature
* range; calibration: molten KCl,
i 0.1N and 1.0N XCI solutions

"Arbekov and Petrov [80] reported a 2% accuracy in their meas-
urements and found differences of up to 5% in calibrating their cell
depending npon the solution used.

TABLE 294, (CsCl-GaCls: Specific conductance (ohm™=1 em~1)

“é"lc‘]% 313K 473K 573K 673K 713K 813K 973K
allis

10 | 1 1.00
20 | : 0.67 | 0.78
30 053 | 0.64
n 041 | 050 | 0.60
50 ' 033 | 043 | 054 | 067
60 v 0.32 [ 043 | 05¢ | 0.65
70 |02 !o02 |04 | os0 :

80 0.04 | 009 | 016 | 023 | 034 S

9 003 | 005 | 0.10 | 0.16

100 | <001 |<001

These values have been interpolated to two significant figures
from the graphical presentation of Arbekov and Petrov (classical
ac technique) [80].

CsCl-KCI

T T T ¥ T 3 T
CsCI-KCl 1
8001~ |
(&)
& ]
g
2 700 tiquid .
o
S
a 64
£ e
2 . —
s0oL 616° i
o solid solution E
500 . . I N L | o i T
(o} 20 40 €0 80 100
CsCl
Kal Mol % CsCl s

Ficure 41. Temperature-composition phase diagram for CsCl-KClL.

O. S. Dombrovkaya, Zh. Obshch. Khim., 3 [8], 1019
(1933). ’ .
Melt Preparation and Purification

Salts used in reference [98] were Merck p.a. reagents
and were purified by the procedure described under th
system CsCI-LiCl '

TanLe 295. Electrical conductance studies: CsCl-KCI

Investigations critically re-examined

Ref. KCI

Temp. range

Mol % Com.ments :
98 | 0,25,50, 943-1193 | Cell material: quartz or silica .
75, 100 glass capillary cell; Pt

electrodes; freq. range: 1000~
7000 Hz; ealihration: 0.1M and
1.0M KCI solutions

218 |eutectic (g)[ 890-1273

Deviations from previous NSRDS recommendations: [1, pp. 5, 61

Ref. MIEIC }%7 Min. departure Max. departure .
98 | 100 0.04% (1180 K) —0.31% (1080K)
98 [+3 0.685% (940K) —8.10% (1090 K)

*Zuca and Olteanu [98] report, in addition to experimental spe-
cific conductivities, Arrhenius equations -(equivalent conductance as
a function of temperature) with standard deviations for E), the
activation energy, in the range: 1.0 X 1072 Kcal mol™* (0 mole %
KCl, E) = 4.0 Kcal mol™?) 10 2.9 X 1072 Keal mol~? (75 mole %
KCl, E) = 3.69 Kcal mol~2).
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TasLe 296, CsCl-KCl: Specific conductance (ochm™'em™) . TaBLe 297. Density studies: CsCl-KCl
Mol percent KC1 Investigations critically re-examined

T 0 [ 75 50 25 0 Rei. |- 1\;(()97 . Tem;(xT;ange Comments

950 1197

960 1.219 98" | 0,25,50, | 933-1213 | Cell material: Pt hall;

970 1.241 75, 160 [calibration: water

980 1.262 Deviations from previous NSRDS recommendations: [1, pp. 5, 6]
990 1.284
1000 1.305 Ref. M}(Elc}%y Min. departure Max. departure
1010 1.326
1020 1.346 98 100 0.01% (1100 K) 0,18% (1200 K)
1030 1.623 1.367 98 0 0.30% (1040 K) 0.36% ( 960 K)
1040 1.644 1.387 *Density results in reference [98] were reported as linear tempera-
1050 1.666 1.407 ture dependent equations with standard deviations in the range:
1060 2.198 1.895 1.687 1427 2 % 1074 g cm™3 (0 mol % KCI) to 8 X 107% g em™® (100 mol %
1070 2.203 1919 1.708 1.569 1.447 KCl).
1080 2.249 1.943 1.730 1.588 1.466
1090 2273 1.966 1,751 1.607 1.485
1100 2.298 1.989 1772 1.626
1110 2.322 2,011 1.793 1.644
1120 2.346 2.033 1.815 1.663
1130 2.369 2.054 1.836 | 1.682
1140 2‘392 2,075 1.857 1.701
1150 2415 2.095 1.879 1.720
1160 2437 2115
1170 2459 j
1180 2,480
1190 2.501 I

. Temperature-dependent equations

x=a-+ bT + cT?

! Stand.

Mol % KCl1 a b 103 ¢+ 108 error
of est.

0 —19170° | 4.3411 —11192 | 0.02%

25 —0.4635 1.8990 0 0.10%

50 —0.5701 2.1293 0 0.13%

75 —3.4350 7.6141 —24396 | 0.09%

100 —2.9614 | 7.1219 —21277 | 002%

" These values are based on the work of Zuca and Olteanu
(classical ac technique) [98].

TabLe 298. CsCl-KCl: Density (g cm™3)
Mol percent KCI

T

T 100 90 80 70 60 50 40 30 20 10 0
940 ' 2.782
950 2,672 L2711
960 ) 2.559 2.662 2.760
970 2.443 2.549 2.651 2.748
980 2.434 2.539 2.040 2,737
990 2.315 2.425 2.529 2.630 2,726

1000 2.193 2.306 2415 2.520 2.619 2,714
1010 ' 2.067 2.185 2.298 2.406 2.510 2.609 2.703
1020 1.938 2060 2.177 2.289 2.397 2.500 2.598 2.692
1030 1.931 2.052 2.168 2.280 2.387 . 2.490 2,587 2.680
1040 1.798 1.924 2.044 2.160 - 227 2378 2.480 2.571 2.669
1050 . 1.661 1.791 1.916 2.037 2.152 2.263 2.369 2470 2.566 2.657
1060 1.520 1.655 1.784. 1.000 2.029 2.144 2.254 2.350 2459 2.555 2.646
1070 1.514 1.648 1.778 1.902 2.021 2.136 2.245 2.350 2.449 2.544 2.63¢
1080 1.508 1.642 1771 1.895 2.013 2,127 2.236 2.340 2.439 2,533 2,622
1090 1.562 1.636 1.764 1.887 2.006 2.119 2.227 2.331 2.429 2,522 2.611
1100 1.496 1.629 1757 1.880 1.998 2.111 2.219 2.321 2419 2,512

1110 1.490 1.623 1.750 1.873 1.9%0 2.102 2.210 2.312 2.409 2.502

1120 1.484 1.616 1744 1.866 1.982 2.09%4 2.201 2.302 2.399

1130 1478 1.610 1737 1.858 1.975 2.0860 2.192 2.293 2.388

1140 1472 1.604 1,730 1.851 1.967 2.077 2.183 2.283
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TapLe 298. CsCI-KCl: Density (g em™3)—Continued
Mol percent KCl

T 100 90 80 70 60 50 © 40 30 20 10~ -0
1150 1466 |. 1.597 1.723 ’

1160 .

1170

1180 1.448 1.578

1190 1442

1200 - 1436

1210 1.429

Two-dimensional equation and statistical parameters

p=a- bT + cC + dTC? + eCT?

X, Stand. error
- he 10t d 108 et et
0.36%
216370 —6.06810 153705 —2.99426 —1.50186 (993.2 K, 50 —0.16%
' ' mol % KCI)

These values are based on the work of Zuca and Olteanu (Archimedean method) {98)]. C = mol % CsCL

TaBLE 299. CsCl-KCl: Density (g cm™%) CsCl-LaCls
) Mol percent KC1 . T T T L ' I !
T 100 7% 50 95 0 ooo -]
-L.acCl
o s | CsCl-LaCly , oo
950 2.768
960 : 2.757
970 . 2,497 2.740 800 777-
980 2487 2.736 i
990 2477 2.725 —
1000 2.200 2467 2.714 QO 700
1010 12,102 2.457 1 2,703 o
1020 2.183 2.447 2.692 Py
1030 1.870 2.174 2.437 2.681 S 600
1040 1862 |. 2165 2427 2.670 2
1050 1.855 2156 2.417 2.660 O
1060 1.517 1.847 2.147 2.408 2.649 e i
1070 1.512 1.839 2.139 2.398 2.638 g 500 ) I
1080 1506 | . 1.832 2.130 2.388. 2.627 E .
1090 1.500 1.824 2121 2.378 2.616 o B 424 ) T
1100 1:.495 1.816 2112 2.368
110 | 1480 | 1809 | 2103 | 2358 . " ao0f, lses, loo 7]
1120 1.48¢ 1801 | 2.094 2.348 ' N -
1130 1478 1.793 . 2.085 2.338
1140 1472 | 1786 2.077 2.328 300 —
1150 1467 ;
1160 1461 - ]
1170 i ]]:’326 200 | I i 1 3 1 1 e
1180 450 - .
1190 1445 . 0 20 40 60 80 100
1200 1.439 i CsCl LaClig
1210 1433 o
Temperature-dependent equations MO' : /o LOCIS
p=a+ bl Ficure 42. Temperature-composition phase diagram for CsCl-LaCls.
Mol % KCt a b 10® Stand. dev. ]
: S. In-Chzhu and 1. 5. Morozov, Zhur. Neorg. Khim, -
100 3.7987 ) —1.0849 0.0008 '3, 1914 (1958).
75 3.4567 —0.9898 0.0007 :
50 3.0844 —0.8840 - 0.0006 . )
25 2.6582 - —=0.765¢ | 0.0006 Melt Preparation and Purification
0 2.1089 —0.5583 0.0002
These values are based on the work of Zuca and Olteanu Smirnov and Khokhiov [154] and Smirnov and
(Archimedean method) [98]. Stepanov' [177] used “pure” CsCl which was recrystal-.
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lized from distilled water. The preparation of pure LaCls TasLE 300. Electrical conductance studies: CsCl-LaCls
is described under the system LaCly-LaCls. Investigations critically re-examined
Smirnov and Khokhlov [173] used CsCl which was a0l T Tomp. ranze c )
recrystallized twice from distilled water and dried under Ref 1 Mol % (M omments
vacuum in an argon atmosphere. Lanthanum trichloride 754  ["10.3-100 | 1073-1223 | Cell material: alundum crucible
was prepared from the hexahydrate salt by drying with inside sealed quartz tube;
NII;Cl, followed by fusion under argon. electrodes: Mo wire: frea.
Smirnov and Stepanov [177] used recrystallized CsCl ranlgte: ?é),COIOO Hz; calibration:
and their preparation of pure LaCly is described under the moiten 2
system LaCl,-LaCls. 186° | 0-100 (g) 1195 Cell material: quartz capillary
The preparation of pure LaCly in reference [186] is ;;gi);[-;l;ggggzi-frcea(iik:jgc':
described under the system KCI-NdCls. ’ i ;

tion: molten CsCl, NaCl, KCI

209° | 0-100 (=) 1120

Deviations from previous NSRDS recommendations: [1, p. 8]

Ref. 1\1&‘21(:37”0 Min. departure Max. departure
154 100 —15.5% (1140 K). —16.7% (1220 K)

"Equivalent conductivities were reported.

Comment: Smirnov and Khokhlov [154] reported their results in
the farm of linear temperature dependent equations {x == @ +- bt)
with standard deviations in the range: 2 X 1073 ohm™! cm™’
(100 mol % LaCls) to 4 X 1073 ohm™! em™?! (10.3 mol % LaCl-’

TasLE 301. CsCl-LaCla: Specific conductance (ohm™! em~1)
Mol % LaCl,

T 100 ’ 90.0 80.0 70.¢ 01.45 51.40 41.35 30.76 20.48 10.30 0
1080 1.029 0.923 0.847 0.801 0.772 0.764 0.802 0.954 1.181
1090 1.057 0.950 0.870 0.821 0:788 0.788 0.817 0.971 1.196 1.533
1100 1.086 | 0.977 0.894 0.841 0.805 0.792 0.832 0.987 1212 1.551
1110 1.114 1.003 0.917 0.861 0.822 0.807 0.847 1.004 1.228 1.569
1120 1.142 1.030 0.940 0.882 0.838 0.821 0.862 1.020 1.244 | 1587
1130 . 1.170 1.057 0.963 0.902 0.855 0.835 0.876 1.037 1.259 1.606
1140 1.248 1.199 1.084 0.987 0.922 0.872 0.849 0.891 1.053 1.275 1.624
1150 1.273 1.227 1.110 1.010 0.942 0.888 0.863 0.906 1.070 1.291 1.642
1160 1.299 1.255 1.137 1.033 0.962 0.905 0.877 0.921 1.086 1.307 1.660
1170 1.325 1.283 1.164 1.057 (.982 0.921 0.892 0936 | 1.103 1.322 1.678
1180 1.350 1.312 1.191 1.080 1.002 0.938 0.906 0.951 1L.119 1.338 1.696
1160 1.376 1.340 1.217 1.103 1.022 0.955 0.920 0.965 1.136 1.354 1.714
1200 1402 | 1.368 1.244 1.127 1.043 0.971 0.934 0.980 1.152 1.370 1.732
1210 1.427 1.396 1.271 1.150 1.063 0.988 0.948 0.995 1.169 1.385 1.751
1220 1.453 1.425 1.298 1.173 1.083 1.005 0.963 1.010 1.185 1.401 1.769
1230 . _ 1.787
1240 1.805
Temperature-dependent equations
xk=a- bT
Mol % LaCls a b 108 Standard deviation

0 —0.442 1.812 0.003

10.30 —0.520 1.575 0.004

20.48 —0.827 1.649 0.002

30.76 —0.802 . 1.485 0.002

41,35 —0.767 1.418 0.003

51.40 ~1.023 1.662 0.002

61.45 —1.373 2.013 0.003

70.0 —1.668 2.329 0.003

80.0 —1.966 2.675 0.003

90.0 —2.022 2.825 0.003

100 ~1.673 2.562 0.002

These values are based on the work of Smirnov and Khokhlov (classical ac technique) [154].
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1001
TaBLE 302. Density _studics:,CsC_l-LﬁCIa _
‘Tnvestigations critically re-examined ~
LaCls Teimp. range )
Ref. Mol % ol _ Comments
177 0-949 | 1010-1233 | Cell material: Mo or Pt
' capillary tube and crucible
Deviations from previous NSRDS recommendations: (1, p. 6]
Ref. I\Irfslc ,1;2 Min. departure Max. departure
177 0 1.24% (1123 K)
Comment: Smirnov and Stepanov [177] report their density data
in the form of linear temperature dependent equations with standard
deviations of =:0.002 g om ™3, ’
TapLe 303. CsCl-LaCls: Density (g cm™?)
E - Mol % LaCl, _' )
T 90 - 80 70 60 50 40 30 - 20 10 0 435
920 . ' ' 2.812 '
930 2.803
940 2.794 .
950 2,785
960 2.776
970 2.766
980 _ '2.737
990 2.773 2747
1000 2.764 2738
1010 2.754 2.728 .
1020 - 2.768 2.744 2718
1030 2.758 2.734 2.708
1040 2.748 2.723 2,698
1050 2.765 2.738 2.713 2,688
1060 2.755 2.728 2,703 - 2,677
107¢ . 2.357 2812 2715 2.144 2,711 2.692 2.667 2793
1080 2.849 2.803 2.766 2.734 2.707 2.682 2.784
1090 2.897 2.840 2.794 2.756 2.724 - | 2.696 2.671 2.774
1100 2.889 2.832 2.785 2.746 2.714 2.686 2.660 2.764
1110 2.882 2.823 2.775 2,736 2,703 2.675 2.649 2.755
1120 ) 2.874 2.815 2.766 2.726 2693 2.664 2.638 1 2.745
1130 2.940 2.867 | 2.806 2757 . |. 2.716 2.682 '2.653 2,627 2735
1140 3.023 2933 2.859 2.798 2.747 2.706 2,672 2.642 2,616 2.726
1150 3.018 2927 2.851 2.789 2.738 2.690 2,661 2.631 2.605 2.716
1160 3.012 2.920 2.844 2.780 2.728 | 2.686 2.650 2.620 2.594 2.706
1170 3,007 2.914 2.836 2.772 2.719 2,675 2.639 2.696 .
1180 3.002 2.908 2.828 2.665
1190 2.997 2.901 .
1200 . 2992. | 2895
1210 2.987 2.888
1220 2.982 2.881
Two-dimensional equation and statistical parameters
p= e+ 8T 4 cC®* + dTC -+ eTC? 4 fCT?
) T s . . R Max. percent Stand. error
a b« 10 c+ 107 d+ 108 e+ 108 1100 departure of est.
: . —0.46%
3.53260 —3.54243 —3.30822 —4,28269 8.30068 —~5.11690 (8732 K, 160 0.17%
mol % CsCl) :

These values are based on the work of Smirnov and Stépanov (modified maximum bubble pressure method) [177]. C = mol % CsCl.
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Tasie 304. CsCl-LaCls: Density (g em=?)

Mol % LaCls

T v 94.9 89.7 78.0 65.0 52.3 39.8 26.5 12,7 0
920 2.817
930 2.807
940 2.796
950 2.786
960 2775
970 2.765
980 2,754
990 2.744
1000 2,733
1010 2.723
1020 2.747 2712
1030 2737 ] 2.702
1040 2.726 2.692
1050 2.752 2.716 2.681
1060 2.780 2.743 2.706 2,671
1070 2772 2,733 2.696 2.660
1080 2.867 2.763 2.724 2.686
1090 2.859 2.802 2.754 2.714 2.676
1100 2.852 2.794 2.745 2.705 2.666
1110 2.844 2.786 2.737 2.695 2.655
1120 2.837 AN 2.728 2.686 2.645
1130 2923 2.829 2.769 2.719 26117 2.635
1140 3.080 2023 2916 2.822 2.761 2.710 2.667 | 2625
1150 3.074 3.016 2.909 2.814 2,752 2.702 2.658 2.615
1160 3.069 3.010 2.903 2.807 2.744 2.693 2.648 2.605 -
1170 3.063 3.004 2.896 2.799 2.736 2.684
1180 3.058 2.997 2.889 2.675
1190 3.052 2,991 2.882
1200 3.047 - 2984 2.875
1210 3.041 2.868
1220 3.036 2.862
1230 3.030 !
Temperature-dependent equations
p=a-+ bT
Mol % LaCl, a . be10%
0 3.7808 —10.474
127 3.782 —10.15
26.5 3.740 . — 941
39.8 3.708 — 8.75
52.3 3.707 — 8.30
65.0 3.679 ’ — 7.52
78.0 3696 — 688
807 3.750 — 638
94.9 3.707 — 5.50

These values are based on the work of Smirnov and Stepanov (modified maximum bubble pressure method) [177].

TaBLe 305. Viscosity studies: CsCl-LaCl,

TasLE 305. Viscosity studies: CsCl-LaCl—Continued

Investigations critically re-examined

LaCls Temp. range
Ref. (T

Mol %

Comments

173 12.7-100 1055-1245 | Cell material: Mo sphere, steel

209 | 0-100 (g) 1120

suspension wire, melt contained
in a Pt or Mo crucible;
calibration: method tested by
measurements on organic

liquids and fused NaCl

J. Phys. Chem, Ref. Data, Vol. 4, No. 4, 1975

Deviations from previous NSRDS recommendations: [1, p. 8]

Ref. ]\Iljollcl% Min. departure Max. departure
173 100 —0.59% (1190 K) —34% (1240 K)

Comment: Measurements in reference [173) were made after a
quartz tube, containing the crucible and molten mixture, was evacu-
ated and filled with pure helium. After temperature equilibration,
the decrement of the amplitude and the period of oscillation of the
Mo sphere in the melt were measured. Viscosity data was fitted to
equations of the type, log # = 4 + B/T. '
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TabLE 306. CsCl-LaCls: Viscosity' (cp)
Mol % LaCls .
T 100.0 89.7 78.0 65.0 52.3 39.8 26,5 127 0
930 135 .
940 1.30
950 125
950 ,1; ].20
970 116
980 112
990 1.08
1000 104
1010 101
1020 0.98
1030 - 004
1060 4.54 2.73 043
1070 5.53 4.33 3.43 2.64 2.04 0.42
1080 5.27 414 3.29 2.54 . 198 0.41
1000 5.03 3.97 316 246 1.2 0.40
1100 4.80 3.80 3.04 237 1.86 0.39
1110 4.58 3.64 2.92 2.29 1.80 0.38
1120 4.38 349 2.81 222 175 0.37
1130 419 3.35 2.71 215 1.69 0.36
1140 513 4.01 3.22 2.61 2.08 164 0.36
1150 6.35 4.87 3.84 3.10 251 2.02 . 160 0.35
1160 6.00 4,63 3.69 2.98 2.43 1.95 155 ) 0.34
1170 5.68 441 '3.54 2.87 2.34 190 '
1180 5.38 4.20 ‘340 2.76 2.26
1190 5.11 4.00 3.26
1200 4.85 3.82 3.14
1210 4.61 3.65 3.02
1220 4.38 291
1230 417
1240 3.97 i
Temperature-dependent equations
n =4 exp (E/RT)
Mol % LaCl; - A« 102 (cal mol-1) Standard deviation
0 3.448 6774 0.008
12.7 2.944 5646 0.02.
26.5 5.943 7522 001
39.8 5.585 8194 0.01
52.3 4.018 19452 0.02
65.0 3436 10285 0.02
780 2.951 11127 0.01
89.7 1.403 13369 0.03
100.0 0.984 14783 0.02

These values are based on the work of Smirnov and Khokhlov (oscillating sphere method) [173].

TasLe 307. Surface tension studies: CsCl-LaCls

Investigations critically re-examined

LaCl. Temp. range
Rel. Mol %
177 12.7-100 1010-1233

Comment: Smirnov and Stepanov [177] reported a standard

deviation of 0.1 dynes cm™? for their surface tension results.

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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Tasre 308. CsCl-LaCls: Surface tension {dyn cm™%)
Mol % LaCls
T 100 9.9 89.7 78.0 65.0 52.3 39.8 26.5 12.7 0
920 91.32
930 90.54
940 89.75
950 - 88.97
960 " 88.19
970 87.40
980 86.62
990 85.83
1000 85.05
1010 84.27
1020 83.78 83.48
1030 83.02 £82.70
1040 82.26 8191
1050 8249 81.50 81.13
1060 82.57 81.75 80.73 80.35
1070 81.85 81.01 70.97 79.56
1080 87.39 81.12 80.26 79.21
1090 86.72 82.92 80.40 79.52 7845
1100 86.06 82.20 79.68 78.78 77.69
1110 2540 87 48 TR Q6 1804 7693
1120 84.73 80.76 78.24 77.30 76.17
1130 : 91.08 84.07 80.04 77.51 76.55 75.41
1140 109.42 101.60 90.45 83.40 79.32 76.79 75.81 74.65
1150 108.86 101.00 89.83 82.74 78.60 76.07 75.07 73.89
1160 108.30 100.39 89.20 82.08 77.88 75.35 74.33 73.12
1170 117.76 107.75 99,78 88.58 81.41 77.16 74.63
1180 116.44 107.19 99,17 87.95 73.90
1190 115.12 106.64 98.57 87.33
1200 113.80 106.08 97.96 86.70
1210 112.48 105.52 86.08
1220 111.16 104.97 85.45
1230 109.8¢ 104.41
1240 108.52
1250 | 107.20
1260 105.88
Temperature-dependent equations
y=a-+ bT
Mol % LaCle e b 102
0 163.46 — 7.841
12,7 161.4 - 761
26,5 160.4 — 742
39.8 159.1 — 722
52.3 161.4 — 720
65.0 159.1 — 6.64
1780 161.7 — 6.25
89.7 170.8 — 6.07
94.9 172.8 — 5.56
100 2722 ~132

These values are based on the work of Smirnov and Stepanov (maximum bubble pressure method) [177].
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CsCI-LiCl
l [ 1 I L |' T I 1
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B 400{» . 300 —
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CsCl LiCl
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GURE 43. Temperature-composition phase diagram for CsCI-LiCl.
E. Korreng, Z. Anorg. Chem., 91, 194 (1915).

T. W. Richards and W. B. Meldrum, J. Am. Chem.
Soc., 39, 1816 (1947).

E. P. Dergunov, Zhur. Fiz. Khim., 25, 584 (1951).

Melt Preparation and Purification

Zuca and Olteanu [117 used Merck p.a. reagents recrys-
tallized and pre-dried for 24 hours at 150 °C. The halides
were purified by the method of Gruen and McBeth
(J. Inorg. Chem., 9, 290, 1959). The individual salts were

heated closc ‘to the melting point, first in vacuum and.

then in an argon atmosphere. The temperature was then
increased beyond the melting point and dry HCl gas was
bubbled through the melt. The salts: were tested for neu-
trality with:phenolphthalein, both before and after each
experiment. ) : .

Smirnov et al. [75, 104] purified their LiCl according
to the method recommended by Laitinen (J. Electrochem.
Soc., 104, 516, 1957). This initially involved drying the
LiCl under vacuum at 0.1 to 0.2 mm Hg for 6 hours. The
salt was then ground to a fine powder in a clean closed
Jar; atter which it was fused under an atmosphere of dry
HCl gas followed by a stream of pure, dry argon. )

Smirnov and Khokhlov {821 used “pure” and “chem-
ically pure” CsCl and TiCl, respectively. The salts were
twice recrystallized from doubly distilled water, dried at
low pressure, and remelted in an argon atmosphere,

Salts used in reference [252] were “chemically pure”
grade, Lithium chloride was purified by the method of
Laitinen (see above) and cesium chloride was recrystal-
lized several times.

1005

TaeLe 309. Electrical conductance studies: CsCl-LiCl

Investigations critically re-examined

L
Ref. | a1

Tempj’range Comments

11 50 918-1121 | Cell materjal: alundum

glass capillary ceil; Pt elec-
trodes; freg. range: 1000-7000
Hz; calibration: 1.0M and

0.1M KCI solutions

Cell material: alundum
crucible in sealed quartz tube;
Mo wire electrodes; freq.
range: 10,000 Hz; calibration:
molten LiCl and KCl

Deviations from previous NSRDS recommendations: 1, pp. 4, 6]

104 0-100 | 608-1073

Ref. ML"]{ IC‘I% Min. departure Max. departure
104 100 —0.06% (1030K) —0.18%-( 930 K)
104 0 —0.26% (940K) L —5.7% (1060 X)

*Zuca and Olteanu [11} report a precision of +0.1% in their
resistance measurements. Zuca reported a 20% diflerence between-
her results and those of Smirnov et al. [104] for the equimolar
mixture.

TasLe 310. CsCl.LiCl: Specific conductance (ohm™? em™?)

Mol percent LiCl

T 100 80 58 46 30 20 0
610 1 0.784- ‘
630 0.859

650 0.934 | 0.448

670 '1.009 | 0.544

690 1.084 | 0.639

710 1.159 | 0.730

730 1234 | 0.820

750 ] 1.309 | 0.909 | 0.721

770 1,384 (.996 U785

790 1.459 | 1.081 | 0.847 .

810 1.534 | 1.164 | 0.910

830 2764 | 1.609 | 1.245 | 0.972| 0953

850 2.864 | 1.684 | 1.325 | 1.033 | 1.003

870 2965 | 1759 | 1.402 | 1.094 ') 1.053

890 | 5735 | 3.066 | 1834 | 1478 | 1154 | 1.103
910 | 5845 | 3.267 | 1.909 | 1.552 | 1.214 | 1.153
930 | 5953 | 8.267 | 1984 | 1624 | 1.273 | 1.202 | 1.141
950 | 6.056 | 3.368 | 2.059 | 1.695 | 1.332 | 1252 | 1.187
970 | 6156 | 3.469 | 2124 | 1763 | 1.390 | 1.302 | 1.234
990 | 6:252 | 3.570 | 2209 | 1.830 | 1.448 | 1.352 | 1.281

1010 | 6.345 | 3.670 | 2.285 | 1.895 | 1.506 | 1.402 | 1.327

1630 | 6.434 2.360 | 1.958 | 1.562 | 1.452 | 1.374

1050 | 6.519 2435 | 2020 | 1619 | 1,502 | 1.421
1070 | 6.601 2,510 | 2079 | 1674 | 1.552 | 1.467
Temperature.dependent equations
k=a-4 bT | T2
Mol % LiCl a b« 10° ¢+ 10°

0 —1.029 2.333 0
20 —1.117 2.494 0
30 —2.022 4.133 —0.634
46 —3.654 7.785 —2.268
58 —1505 3.752 0
80 —1.418 5.038 0
100 —2.885 13.738 ~—4.554

- These values are based on the work of Smirnov et al. (classical
ac technique) [104].
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TasLe 311. Density studies: CsCl-LiCl
Investigations critically re-examined
LiGl Temp. range
Ref. Mol % () Comments
1 50 913-1123 | Cell material: Pt ball;
calibration: water
75° | 0-100 843-1083 | Cell material: Pt ball;
calibration: molten KNO; and
KCl
328 | 0-80 (g) 1073 .
Deviations from previous NSRDS recommendations: [1, pp. 4, 6]
Ref. Mlglclk ‘ Min. departure Max, departure
75 100 0.0% (940K) —0.08% (1040K)
75 0 1.01% (940 K) 1.17% (1060 K)
*Zuca and Olteanu [11] report a precision of 0.1% in their density
measurements, while Smirnov et al. [75] state an experimental error
of 0.0005 g cm™3. In both studies measurements were carried out in
an atmosphere of dry argon to avoid hydrolysis of LiCl,
TapLe 312, CsCl-LiCl: Density (g cm™3)
Mol pereent LiCl
T 100 98.27 82.67 70 55 47 40 25 10 4]
880 1.504 1.546 1.864 2.104 2.333 2427 2.506 2.656 2.175
890 1.500 1.542 1.858 2,097 2.324 2417 2.496 2.647 2.765
900 1.495 1.537 1.852 2.090 2.315 2.408 2487 2,637 2.754
910 1.491 1.532 1.845 2.082 2.307 2.399 2477 2.627 2.744
920 1.486 1.528 1.839 2075 2.298 2.390 2468 2.617 2,733 2.817
930 1.482 1.523 1.833 2.068 2.289 2.380 2458 2.608 2.723 2.807
940 1.477 1.518 1.827 2.060 2.281 2371 2,449 2.598 2.712 2.796
950 1.473 1.514 1.820 2.053 2272 2.362 2.40 2.588 2.702 2.786
960 1.469 1.509 1.814 2046 2.263 2.353 2.430 2,578 2.692 2.775
970 1.464 1.504 1.808 2.039 2.255 2.343 2421 - 2.569 2.681 2.765
980 1.460 1.500 1801 2.031 2.246 2.334 2411 2.559 2671 2,754
990 1455 1.495 1.795 2,024 2.237 2.325 2402 2.549 2.660 2.14
1000 . 1.451 1.490 1.789 2.017 2.229 2.316 2.393 2.53% 2.650 2,733
1010 1.446 1.486 1.783 2.009 2.22¢ 2,306 2.383 2.530 2.639 2.723
1020 - l.442 1.481 1.776 2.002 2.111 2.297 2.374 2.520 2.629 2,712
1030 1.437 1.476 1.770 1.995 2.202 2.288 2.364. 2.510 2.618 2.702
1040 1.433 1472 1.764 1.987 2.194 2278 2.355 2.500 2.608 2.692
1050 1.428 1.467 1.757 1.980 2.185 2.269 2.345 2491 2.597 2.681
1060 1.424 1.462 1.751 1.973 2.176 2260 2.336 2481 2.587 2.671
1070 1.419 1.458 1.745 1.965 2.168 2,251 2327 2471 2.576 2.660
Temperature-dependent equations
p=a+ bl
Mol % LiCl a b 10
0 3.7808 —1.0474
10 3.6970 —1.0474
25 3.5147 -—0.9754
40 3.3352 —0.9427
47 3.2408 —0.9253
55 3.0975 —0.8690
70 2.7470 —0.7304
82.67 24174 —0.6285
98.27 1.9574 —0.4672
100 1.8965 —0.4458

T}_lese values are based on the work of Smirnov et al. (Archimedean method) [75].
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PROPERTIES OF CHLORIDES AND MIXTURES' 1007
Tanrz 313, Viscosity studies: CsC1-LiCl
Investigations critically re-examined
LiCl | Temp. range ' )
Ref. Mol % J (7) Comments
82 0-100 830-1070 { Cell material: Pt ball;
calibration: method tested by
measurements on molten CsCl
i and LiCl
Deviations from previous NSRDS recommendations: [1, pp. 4, 6]
Ref. 1\,%“; l(d 3% Min. departure Max. departure
82 100 —4.7% (940K)
82 | o | oop 0K | —sopaomn)
Tasie 314, CsClLiCl: Viscosity (cp)
) Mol percent 1.iC1
T 100 0 55 40 30 25 20 10 0
830 2.03 '
840 - 1.66 1.83 1.93
850 1.60 L75 1.85
860 1.53 1.67 177
870 148 1.60 1,70 1.69
880 142 1.54 1.63 1.62
890 1.37 1.48 1.57 1.55 1.56 .
900 1.33 142 1.50 149 1.50 ’
910 1.28 1.37 1.45 143 1.44 . 153
920 1.24 1.32 1.39 1.39 1.38 1.39 1.48
930 -1.40 1.20 ©o 127 1.33 1.34 1.33 1.34 143 133
940 1.35 116 1.22 1.28 1.29 1.28 1.30 1.38 . 1.28.
950 1.30 - 1.13 1.18 1.23 1.25 1.23 1.25 1.34 1.23
960 125 . “1.09 114 1.19 1.20 1.19 121 1.29 119
970 1.21 1.06 1.10 1.15 1.16 L15 1.17 1.25 1.14
980 1.17 1.03 1.07 1.11 112 111 1.13 121 110
990 1.13 - 1.00 1.03 1.07 1.09 1.07 110 1.18 ©oe7
1600 1.10 0.97 1.00 1.03 1.05 1.04 1.07 1.14 1.03
1010 1.06 -0.94 0.97 1.00 1.02 1.01 1.03 111 1.00
1020 1.03 - 0.92 0.94 0.96 0.99 0.98 1.00 1.08 0.96
1030 1.00 0.89, 0.91 0.96 0.95 0.97 1.05 0.93
1040 0.97 0.87 0.89 0.93 0.92 0.95 1.02
1050 0.94 0.85 0.86 0.90 0.89 0.92 0.99
1060 0.92 0.84 0.88 0.86 0.90 0.97
1070 0.94
Temperature-dependent equations
n=A +exp (E/RT)
Mol % LiCl A 10% . E (cal mol™?) Mean quadratic scatter
0 3.4478 6750 0.008
10 5.9260 5880 0015
20 4.9971 6080 0.010
25 4.0057_’ 6470 0.006
30 41733 6410 0.010
40 3.4348 6760 0.008
55 4.2181 b290 0.004
70 5.8263 5590. 0.014
100 44257 6380 0.018

These values are based on the work of Smirnov and Khokhlov (oscillating sphere method) [82].
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TasLE 315. Surface tension studies: CsCl-LiCl
Investigations critically re-examined
. Ref. N}"Oilc}% TempTrange Comments
252 0-100 873-1073 | Cell material: ceramic
capillary; calibration:
measurements on pure salts
Deviations from previous NSRDS recommendations: [2, pp. 57, 58]
Ref. MI;ilC(l% Min. depa?ture Max. departure
252 100 6.8% (1073K) 8.7% (893K)
252 0 -1.1% (933K) 0.24% (1013K)
Tasie 316. CsClLiCl: Surface tension (dyn cm™1)
Mol percent LiCl
T 100 98.27 82.67 70 - 55 40 25 10 0
880 141.87 127.55 105.46 100.04 97.50 95.20 94.54 93.81
890 141.04 126.75 104.66 99.28 96.73 94.44 93.77 93.09
900 149.21 125.95 103.86 98.53 95.96 93.68 93.01 92.36
alo 139.30 125.15 103.05 97.77 9518 9292 - 92.24 91.63
920 138.56 124.35 102.25 97.01 94,41 92.16 91.48 90.90 91.32
930 137.73 123.55 101.45 96.26 93.64 91.40 90.71 90.18 90.54
940 136.90 122.75 100.65 95.50 92.87 90.64 89.94 89.45 89.76
950 136.07 121.95 99.84 94.74 92.09 89.87 89.18 88.72 88.97
960 135.24 121.14 99.04 93.99 91.32 89.11 88.41 88.00 88.19
970 13441 120.34 98.24 93.23 90.55 88.35 87.65 87.27 87.40
980 133.58 119.54 97.44 92.47 89.78 87.59 86.88 86.54 86.62
990 132.75 118.74 96.63 91.72 89.00 86.83 86.12 85.82 85.83
1000 131.92 117.94 95.83 90.96 88.23 86.07 85.35 85.09 85.05
1010 131.09 117.14 95.03 90.20 87.46 85.31 84.58 84.36 84.27
1020 130.26 116.34 94.23 89.45 86.69 84.55 83.82 83.64 83.48
1030 12943 115.54 93.42 88.69 85.91 83.79 83.05 8291 82.70
1040 128.60 114.74 92.62 87.93 85.14 83.03 82.29 82.18 81.91
1050 127.77 113.94 91.82 87.18 84.37 82.27 81.52 81.46 81.13
1060 126.94 113.13 91.01 86.42 83.59 81.51 80.76 80.73 80.35
1070 126.11 112.33 90.21 85.66 82.82 80.74 79.99 80.00 79.56
Temperature-dependent equations .
y=a-+4bT
Mol % LiCl e b+ 102
0 163.46 —7.841
10 157.77 —7.268
25 161.91 —17.656
40 162.15 —7.608
55 165.50 —1.727
70 166.62 —17.566
82.67 176.10 —8.027
98.27 198.04 —8.010
100 214.86 —8.294

These values are based on the work of Smirnov and Stepanov (maximum bubble pressure method) [252].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975



PROPERTIES OF CHLORIDES AND MIXTURES 1009

CsCl-MgCl TasLe 318. CsCl-MgCl:: Density (g cm™3)
. ———— ——— ’ ) Mol percent MgCl,
T 100.0 34.5 33.3 30.7 0.0
700l C8CI-MgClz i 950 2308 | 2762
' _ 960 2300 |- 2751
= o @ 970 | 2.293 2,740
& feas g g 980 . 2.246 2270 2286 | 2728
LR N _ ‘ 990 2239 2,262 2278 |27
L6 S % ‘ 1000 | - 2232 2255 2271 |- 2.706
= Q0 = = 1010 - . 2.2%5 2.247 2264 | 2695
5 | 565 1020 1.674 2217 2239 2,256 2.683
o S| 542 | 948 . - 1030 1671, |- 2210 2231 | 2249 2672
5 s 3 1040 1.668 2203 | 2224 2242 | - 2661
= & = 1050 1.666 2.196 2216 | 2235 2.650
5001 T RS . 1060 1663 2188 2908 ) 2291 |- 263
S 2 1070 1.660 2.181 2.200 2220 | 2627
RN LI S b B 1080 1.658 2192
0 20 40 60 80 " 100 1090 1.655
CsCl 9Cl; Temperature-dependent cquations
Mol % MgCl, e |
Ficure 44. Temperature-composition phase diagram for CsCl-MgCl.. Stand.
B. E. Markov and I D. Panchenko. Zhur. Obshei, Khim,, Mol 75 MgCl. ¢ b+ 10t :{r:{
25,2042 (1955). .

0.0 3.829 —11.234 0.03%

30.7 3001 - —7.300 0.00%

Melt Preparation and Purification 333 3.032, =7.777 0.07%

345 2,954 —7.220 0.04%

Grjotheim et al. [130,133] debydrated p. a. grade CsCl -100.0 1.950 —2.705 0.03%

(Hopkms and Williams Ltd., Eng.) by heating the salt to These values are based on the work of Gr;othenm, et al. (Archi-
400 °C in an atmosphere of dry HCI gas. The preparation ~ medean method) [130, 133].:
of pure MgCl; is described under the system CaCl,-MgCl,.

TasLe 319. Surface tension studies: CsCl-MgCl:

Tasie 317. Density studies: CsCl-MgClu

Investigations critically re-examined

Investigations critically re- exammed . Ref. I{\;[glclz Tem?j’range . Comments
Ref | MgCl —,—emp range Comments ol % ) : -
. . - Mol % (T) 253, 258° 1 0,30.7,33.3 | 942-1169 Cell material: density
130, 135" [ 0,307,333, 9431099 | Coll material: P_10%Rh sinker and rod for
34.5, 100 sinker and Pt-10%Rh - surface tension measure-
) suspension wire; calibra- ments was made from'
tion: water ‘ Pt=10%Rh alloy; cali-
- - bration: measurements
De_aviations from previous NSRDS recommendations: [1, p. 6] . on pure salts.
Ref, 1?1%%, Min. departure 1 Max. departure Deviations from previous NSRDS recommendations: [2, pp..58, 59]
130 100 0.30% (1017K) 0.50% (1099K) Ref. ffﬁcclyi Min. departure Max. departure
133 100 050% (1073 K)
130 0 00% (1018K) 0.22% (943K) 253 100 —59% (1073K) —6.7% (1002K)
133 0 —0.08% (1073K) 253 0 —0.01% (1023K) 0.9% (942K)
*Grjotheim et al. [130, 1331 used an apparatus similar to the *Grjotheim, et al. [253, 258) reported a reproducibility of +1%
one described by Janz and Lorenz (Rev. Sci. Instr,, 31, 18, 1960) in for surface tension measurements.

which a pin of known dimensions was fixed to the lower end of an
Archimedean density. bob, thus permitting simultaneous measure-
ments of both surfacé tension and density, Corrections were applied
for the effect of surface tension and for cxpansion of Lhe suspeusion
wire. Density measurements were reproducible to within =0. 3% and
total corrections on the observed densities' were between 0.3 to 0.4%.
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TasLe 320. CsCl-MgCla: Surface tension (dyn cm™) . CsCl-MnCl.
Mol percent MgCl. A 700 | l ’ I — ' ' .

T 100.0 33.3 30.7 0.0

950° 745 89.0 CsCl-MnCl,

960 739 88.2 |

970 734 875 844 649
980 713 72.8 86.7 -

990 . 70.8 72.3 85.9 '®)
1000 704 718 85.2 o ©00
1010 62.2 70.0 7.2 844 ~
1020 62.2 69.5 70.7 83.6 Q
1030 62.2 69.1 70.2 82.8 5
1040 62.1 68.6 69.6 82.1 “—
1050 62.1 68.2 69.1 81.3 E
1060 62,1 67.8 68.6 80.5 [©3]
1070 62.1 67.3 68.0 79.8 a 500
1080 620 | 669 £
1090 - 620 @
1100 62.0 =
1110 61.9
1120 61.9
1130 61.9 A
1140 61.9 100 T — -
1150 61.8 0 20 40 60 80 100
1160 61.8 CsCl MnCl

. 2
emperature-dependent equations (o]
T depend Mol % MnCl,
=a 5T
r=:2- p— Ficure 45. Temperature-composition diagram for CsCl-MnCl,.
tand. -
Mol % MgCl. a b+ 102 error . B. F. Markov and R. V. Chernov, Ukr. Khim. Zh., 24,
of est. 139 (1958).
0.0 162.0726 —1.6919 0.06%

30.7 1251754 —5.3395 0.19%

33.3 114.4065 —4.4016 0.18%

1000 65.3426 —0.3075 - 009% TasLe 321. Density studies: CsCl-MnCl,

These values are based on the work of Grjotheim (pin detach- = = =
ment method) [253, 258]. Investigations crmca.lly re-examined

Ref. _ Nhgllc% Tem?i'liange Comments

202 0-100 813-1023 | Cell material: quartz ball
containing tungsten for weight;
calibration: water and CCl«

Dcviations from previous NSRDS recommendations: {1, pp. 6, 9]

Ref. IICI'I:IC% Min. departure ) Max, departure
202 100 0.04% (960 K) —0.43% (1020K)
202 0 0.07% (940K) 0.15% (1000K)
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PROPERTIES - OF CHLORIDES AND MIXTURES 1011
TasLe 322. CsCl-MnCl:: Density (g em™%)
Mol % MnCl:
T 100 9 - 80 70 60 50 40 30 20 10 0
820 2.714
830 2.704
840 2.695
- 850 2.686
860 2.587 2.677
870 2.580 2.667
820 2.402 2,404 2.522 2,572 © 2,658
890 2484 2.486 2.514 2.564 2.649
900 2476 2.478 2489 2.506 2.556 2.640
910 2442 2464 2468 2470 2.480 2.499 2.548 2.630
020 2:436 2456 2460 2462 2472 2.491 2.540 2621
930 : 2.430 2.448 2452 2.454 2.464 2483 2.532 2.612 2.780
940 2.350 2.424 2441 2.444 2.446 2.455 2.476 2.524 " 2,603 2.684 2770
950 2.344 2.418 2433 2.435 2.437 2447 2.468 2.516 2.593 2.674 2.760
960 2.338 2.413 2.425 2427 2429 2438 2.460 2508 2.584 2.665 2.749
970 2.331 2.407 2417 2419 2421 2430 2452 2.500 2,575 2.655 2.739 -
980 2.325 : ’ 2.646 2.729
990 2319 2.636 2719
1000 2313 2.627
1010 2.307
1020 2.301
Temperature-dependent equations
. p—=n4 AT
Mol % MnCl. a b 104
0 3.731 —10.23
10 3.576 —9.49
20 3.473 —9.26
30 3271 —17.95
40 3.202 —17.73
50 3.240 —8.35 -
60 3.212 —8:15
70 3.204 —8.09
80 3.167 —7.13
90 2,969 —5.80
100 2.928 —6.15

These values are based on the work of Markov et al. (Archimedean method) [202].

CsCl-NaCl
800 T LN T T
CsCl-NaCl '
(&) .
°  T00}- -
~ liquid
i 648"
=
T 600}~ =
S
[<b]
[@X
E .
FE’_ 500 490 —
B
a 450
L L. ] 1
0 20 40 60 80 100
CsCl NaCl
Mol % NaCi

Ficure 46. Temperature-composition phase diagram for CsCl-NaCl.

R. G."Samuseva and V. E. Plyvshchev. Zh. Neorgan.
Khim., 6 {9], 2139 (1961) ; Russ. J. Inorg. Chem. (Eng-
Iish Transl.), 1093 (1961).

to eliminate small traces of HCL

Melt Preparation and Purification

The preparation of the pure halides by Zuca and
Olteanu [98] is discussed under the CsCI-LiCl system.
Dry argon gas was bubbled through the molten mixtures

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TaBLE 323. Electrical conductance studies: CsCl-NaCl TaBLE 325. Density studies: CsCl-NaCl
Investigations critically re-examined Investigations critically re-examined
NaCl Temp. ran, NaCl Temp, range
Ref. M(i % ?T)a ge Comments Ref. Mol % (1) Comments
98 0, 25, 50 933-1178 | Cell material: quartz or silica 98 0, 25, 50 933-1178 | Cell material: Pt ball;
75, 100 glass capillary cell; Pt 75, 100 1073 calibration: water
electrodes; freq. range: 1000—
7000 Hz; calibration: 1.0M 328 0-60 (g)
. and 0.1M KCl solutions Deviations from previous NSRDS recommendations: {1, pp. 4, 6]
218 | eutectic (g) | 1054-1384 Ref. n};ﬁic%’ Min. departure Max. departure
Deviations from previous NSRDS recommendations: [1, pp. 4, 6] 98 100 0.06% (10%0K) —0.13% (1170K)
Ref. NaCl Min. departure Max. departure 98 0 0.30% (1040K) 0.36% (960K)
Mol %
Comment: Density results in reference [981 were reported as
98 100 —U.11% (1090 K) —140% (1170 K) linear equations with standard deviations in the range: 2 X 107*
% 1 0 068% (940K) | —8.10% (1090K) g em™® (100 mol % NaCl) to 10.0 X 107 g cm™5 (50 mol %
Comment: Zuca and Olteanu [98] report, in addition to experi- NaCl).

mental specific conductivities, Arrehenius equations (equivalent
conductance as a function of temperature) with standard deviations

for E), the activation energy, in the range: 4 X 10~3 Kcal mol™! TaBLE 326. CsCl-NaCl: Density (g cm™®)
(50 mol % NaCl, Ex = 3.65) to 15 X 1073 Kcal mol~! (100 mol %
- NaCl, E) = 2.53). Mol % NaCl
T 100 75 50 25 0
940 2.779
950 2.768
_ 960 2,757
TasLe 324. CsCl-NaCl: Specific conductance (ohm~* em™1) 970 2.746
980 2.736
, Mol % NaCl 000 o
T 100 75 50 25 0 1000 | 2s10 2.714
950 1197 1010 2.269 2.500 2.703
960 1219 1020 2.260 2490 2.602
970 19241 1030 1.968 2.250 2480 2,681
980 1.262 1040 1.961 2.241 2471 2.670
990 1.284 1050 1.953 2.231 2.461 2,660
1000 1.305 1060 1.945 2.222 2.451 2.649
1010 1.326 1070 1.938 2.213 2.441 2.638
1090 _ 1.246 1080 1.030 9,903 2431 2,627
1030 1.367 1090 1.546 1.922 2.194 2421 2.616
1040 1.387 1100 1.540 1,915 2184 2411
1050 2.195 1.777 1.537 1.407 1110 1.535 1.907 2.175 2.402
1060 2990 1.700 1556 1.427 1120 1.529 1.900 2165 2,392
1070 2944 1.821 1.575 1447 1130 1.524 1.892 2.156 2.382
1080 2.268 1.843 1.594 1.466 1140 1518 1884 2.147 2.372
1090 3.626 2.290 1.864 1.613 1.485 1150 1513 o
© 1100 3.652 2.312 1.885 1.632 1160 1508
1110 3.677 2.334 1.905 1.651 1170 1.502
1120 3.702 2.534 1.926 1.670 Temperature-dependent equations
1130 3.726 2.374 1.945 1.689 p=a+ T
1140 3.749 2.392 1.965 1,708
ms0 | 3773 1.984 1727 Mol % NaCl a b 10 Stand.
1160 3.795 ev.
1170 3.817 0 3.7987 —1.0849 0.0008
Temperature-dependent equations . % 34953 —0.9853 0.0009
50 3.2194 —0.9410 0.0010
k=a+bT 4 cI” 75 2.7526 —0.7616 0.0009
Mol % NaCl b e 108 . Stand. 100 2.1390 —0.5444 0.0002
o 7o e ¢ lo ¢- 10 :&g These values are based on the work of Olteanu and Znea (Archi.
- dean method) [98].
0 —1.9170 43411 -—1.1192 0.02%
25 —0.4547 1.8967 0 0.10%
50 —2.3101 5.5562 —1.5843 0.06%
75 | —4.9137 10.9827 —4.0123 0.10%
100 —2.4204 8.4918 —2.7014 0.01%

These values are based on the work of Olteanu and Zuca (classi-
cal ac technique) [98].
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TaBLE 327. Surface tension studies: CsCl-NaCl

Investigations critically re-examined

Rei. :\;{‘ 0;(;71& l Tem F.TEange

. 243 0, 25, 50, 75, 100 ~873-1173
Deviations from previous NSRDS recommendations: [2, pp. 57, 58]
Ref. ]\I;(SCC}O Min. departure Max. departure
243 100 3.4% (1083K) 3.5% (1183K)
243 0 0.46% (973K} 0.0% (1013K)

Comment: Reference [243] contained only graphical data in the
form of surface tension—composition isotherms at 888 °C. for the
mixtures reported. Numerical data given here was obtained through
a private communication. Bertozzi reported a reproducibility for his
data of +0.5%.

TABLE 328. CsCl-NaCl: Surface tension (dyn cm™1)

Mol 9% NaCl
T 100 5 | 50 25 0
820 101.8
840 100.4
860 103.7 98.9
880 102.3 97.4
900 100.9 95.9
920 99.5 94.4
943 | 981 93.0
960 96.7 91.5
980 95.3 90.0 86.7
1000 102.0 93.9 88.5 85.2
1020 100.7 92.5 87.0 83.7
10490 99.3 911 85.6 823
1060 97.8 89.7 84.1 80.8
1080 96.3 88.3 82.6 79.3
1100 115.9 94.8 86.9 81.1 718
1120 1144 93.3 i 85.5 79.6
1340 113.0 91.9 J 84.1 78.2
Temperature-dependent equations
y=a-+ T
Mol % NaCl ) a b+ 102
0 159.2 ~71.4
25 162.5 —74
50 163.9 —7.0
75 176.2 —7.4
100 192.3 —~7.4

These values are based on the work of Bertozzz (Wilhelmy stide
plate method) {243].

CsCl-PhCl2

T T T T T T T T

CsCi-PpCl,

600}~ _{
VoA

© |

& \ Y
< b

°

S 500}

£ \

K

400} \2/

TR I — L 1 !
o] 20 40 60 80 100
CsCl PbCl2
Mol % PbC|2

Ficure 47. Temperature-composition phase diagram for CsCl-PhCl..

S. D. Cromakov, Zh. Fiz. Khim., 24, 641 (1950).

Melt Preparation and Purification

Koch-Light CsCl was used by Bloom et al. [103] with-
out further purification, and PhCly was prepared from HCl
and A.R. grade Pb(NO;}» and recrystallized. Standard
methods of analysis were used for pure materials as well
as mixtures.

The preparation of pure salts by Dahl and Duke [258}
is given under the system LiCl.PbCl,.

TaBLE 329. Electrical conductance studies: CsCl-PbCle

Investigations critically re-examined

PbCl | Temp. range
Ref. Mol % I (7 Comments
49 |26.4-100 | 727-1073 | Cell material: silica; Pt

electrodes; freq. range: 1000
Hz; calibration: 1N KCl
solutions

142°|  0-100 (g)] 993

Deviations from previous NSRDS recommendations: [1, p. 13]

Ref. &3](:% Min. departure Max. departure
49 100 0.05% (930K) 0.06% (830K)

*Data taken from [49].
Comment: Bloom and Macky [49] claimed an overall accuracy in
their conductance measurements of +0.5%.
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TapLE 330. CsCl-PbCle: Specific conductance (ohm=* cm™*)

TapLe 331. Density studies: CsCl-PbCl.

Mol percent PhCl.

Investigations critically re-examined

T

Ref. ]\l,)lklczl% Tempfrgange i Cell material Calibration
103 | 0-100 903-1113 % Sinker of 109 Rh-Pt|  Water
142* | 0-100 993 ;

Deviations from previous NSRDS recommendations: [1,.p. 13, 6]
Ref. ]&&C}i Min. departure Max. departure
103 100 —0.04% ( 920 K) —0.02% (960 K)
103 0 —0.23% (1100 K) —0.44% (980 K)

*Data from [103].
Comment: The experimental technique of Bloom et al. [103] is
discussed under the system CdCl:-CsCl. :

" TasLe 332. CsCl-PbCle: Density (g cm™3)

Mol percent PbCl.

T 100.0 82.8 61.5 44.3 33.4 26.4
730 1.045
740 1.084
750 1.123
760 1161
770 1.199
780 1.237 0.440 0.480
790 1.274 0.470 0.508
800 1311 0.500 0.535
810 1.348 0.529 0.563
820 1.384 0.559 0.590
830 1.737 1.421 0.589 0.617
840 1.780 1.457 U.01Y 0.645
850 1.823 1492 0.649 0.672
860 1.865 1528 0.679 0.699
870 1.908 1.562 0.709 0.726
880 | 1.950 1.597 1.255 0.883 0.739 0.754
890 | 1991 | 1.632 | 1280 | 0911 | 0769 | 0.781
900 2.033 1.666 1.305 0.938 0.798 0.808
910 2.074 1.699 1.331 0.967 0.828 0.835
020 2.115 1.733 1.356 0.996 0.858 0.862
930 2.156 1.766 1.382 1.025 0.888 0.889
940 2.196 1.799 1.407 1.055 0.918 0.916
950 2236 1.831 1.433 1.086 0.948 0.943
960 2.276 1.863 1.450 1.116 0.978 0.970
970 2.315 1.895 1.484 1148 1.008 0.997
980 2.354 1.927 1.510 1.180 1.038 1.023
990 2.393 1.958 1.536 1.212 1.068 1.050
1000 2432 1.989 1.562 1.245 1.007 1077
1010 2.470 2.020. 1.588 1.278 1.127 1.104
1020 2.508 2.050 1.614 1.312 1157 1.130
1030 2.546 2.080 1.640 1.346 1.187 1.157
1040 2.583 2110 1.666 1.381 1.217 1.184
1050 2,621 2.140 1.692 1.461 1.247 1.210
1060 2.658 2.169 1.719 1.452 1.277 1.237
1070 2.694 2.198 1.745 1.488 1.307 1.263
Temperature-dependent equations
k= a- bT 4 T2
. Stand.
Mol % PbCl: a - 10t b+ 10° ¢+ 107 error
of est.
26.4 —17.757 3.0330 — 1.8036 0.23%
334 —18.918 29893 ¢ 0.30%
4.3 3.7353 —1.5622 24.333 0.52%
61.5 — 7.5039 2.0295 2.8284 0.07%
828 —26.223 6.1380 —15.264 0.40%
100.0 —28.404 6.6977 —14.256 0.32%

These values are based on the work of Bloom and Macky (classical

ac technique) [49].
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T 100.0 | 76.4 54.8 35.0 259 16.8 0.0
910 4.165
920 | 4.730 | 4.151
930 | 4715 .| 4.137 3.703
940 | 4.701 | 4.124 3.321 | 3187 | 3.061
950 4.686 4110 3.649 3.300 3.175 3.010
960 | 4.671 | 4.096 | 3.636 | 3.297 | 3.163 | 3.036
970 | 4.656 | 4.082 1 3,623 | 3285 | 3.151 | 3.024
980 | 4.642 | 4.068 | 3.609 | 3.273 | 3.139 | 3.012 | 2.714
990 4.627 4.054 3.596 3.261 3.126 2009 2704
1000 | 4.612 | 4.041 | 3.583 | 3.249 | 3.114 | 2.987 | 2.694
1010 | 4.597 | 4.027 3.569 | 3.237 3.102 2.975 2.684
1020 | 4.582 | 4.013 | 3.556 | 3.224 | 3.090 | 2.962 | 2.673
1030 | 4.568 | 3999 | 3.542 | 3.212 | 3.077 | 2950 | 2.663
1040 | 4.553 | 3.985 | 3.529 | 3.200 | 3.065 2.653
1050 | 4.538 | 3972 | 3.516 | 3.188 | 3.053 2.643
1060 | 4.523 | 3958 | 3.502 | 3.176 | 3.041 2.632
1070 3944 | 3489 | 3.164 | 3.028 2.622
1080 2.612
1090 2.602
1100 2.591
1110 . 2.581
Temperature-dependent equations
p=a+ bT
Mol % PbCI, a b 108 tand.
0.0 3.718 —1.024 0.001
16.8 4217 ~—1.230 0.001
259 4.337 —1.223 0.001
35.0 4.459 —1.210 0.002
54.8 4.921 —1.338 0.001
76.4 5.423 -1.382 0.002
100.0 6.089 —1.477 0.002

These values are based on the work of Bloom et al. (Archimedean
method) [103].
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_ VTABI‘:E 333, Surface tension studies: CsC1-PbCls

Ihveetigatio_ns critically re-examined

PbCl: Temp. range
- Rgf. Mol % | Comments
238 | 25.89-100 734-903 ‘Cell material: Pt—lD%Rh
) | capillary, melt contained in Pt
crucible; calibration: benzene
254 25.89—.100 734903 | Cell matenal and cahbranon-
as for 238

Comment Remarks concemmg reference [238] are given under

‘the system LiCL:PbCls.

" TABLE '334. . CsCl-Pb@: Surface tension (dyn em™).

’Téhnpérqture (°C)

i Mol percent PbCla
T (10000 | 8290 i 8177 |63.03 | 5050 | 40.11 | 25.89
L 740 | 119.5 -
750 1185
760 1175
770 116.5 | 1162
780 1155 | 1153 1019
790 1145 | 1143 1011
800 | 1343 | 1135 | 1133 1002
-g10 | 1330 | 1125 | 1123 9.4
820 | 1318 | 1115 | 11L3 98.6
830 | 1305 | 1105.} 1103 917
840 |.129.3 |100.6 | 109.3 9.9
850 |- 108.6 | 108.3 96.1
860 “1.107.3 | 984 95.2
870 -] 971 044
880 958 92.1 | 936
890 946 911 | 927
900 : 9.6 | 902 | 919
Temperature-dependent equations
: =a 4 bT :
" Mol % PbCls a b« 10t b'a:fd; bl
25.89 166.8733 —0.8329 0.44%
_40.11° 173.7146 —0.9278 0.19%
50.50° 540,5747 ~5.0000 0.40%
63.03 206.0883 —1.2528 0.61%
8177 192.6446 - —0.9922 0.15%
81.90 192.7038 —0.9900 0.27%
100.00 233.6772 —12428 0.49%

These values are based on the work of Dahl and Duke (maximum

* bubble pressure method) [238].

CsCI-RbCI .
H - | | 1

CsCl-RbClI

700
600} =t
500k . -

400} - el

300 | ! . i | :
-0 20 40. 60 'BO. 100.

SO Mol % Rocl M

FICURE 48. Temperamre-coﬁxpos_jtiozf‘ phase -diagram for- CsCl-RbCL

*S. Zhemhuzhnui and F. Rambach, Z. Anorg. Chem.,
65, 417.(1910).

" Melt Prepcruﬁoﬁ and Purification

Salts used in reference [98] were Merck p.a. reagents

- and were purified by the procedure described under the

CsCl LiCl system.

TasLE 335. Electrical conducté.ng’:e studies: CsCL-RbCl

Investigations critically re-examined

Ref. RbCl Temp. range ‘

Mol % T Comments _
98 0, 25, 50, 933-1223 . | Cell material: quartz or silica
: 75, 100 S . glass capillary cell; Pt elec-

trodes; freq. range: 1000-7000-
Hz; calibration: 1.0M and
0.1IM KCl1 solutions

Deviations from previous NSRDS recommendations {1, p; 6]

‘Ref. 1\}; (ﬁ% Min, ﬂepartnre Max. departure .
93 00 | 0129% (010K) —4.4% (1200 K)
- 98 0 0.687% {940 K) —81% (1090 X)

Comment: Zuca and Olteanu [98] report, in addition to experi- -
mental - specific conductivities, Arrehenius equations  (equivalent
conductance as a function of temperature) with standard ‘déviations
for E), the activation energy, in the range: 1 X 10~2 Kcal mol~1"
(0.mol % RbCl, E)-="4.00 Kcal mol™*) to 55 X 1072 Kcal mol 7
(25'mol % RbCl, Ep: = 3. 87 Kcal mol ™).

J, Phys: Chem. Ref. Data, Vol. 4, No. 4, 1975



1016

JANZ ET AlL.

Tare 336. CsCl-RbCI: Specific conductance (chm™! cm™2)

TasrLe 337. Density studies: CsCI-RbCl

Mol percent RbCl Investigations critically re-examined
T 100 75 50 2 0 Ref. ! JRoCL | Temp, range Comments
950 1197 :
960 1.219 98 | 0,25,50, ] 933-1233 | Cell material: Pt ball;
970 1.241 75, 100 calibration: water
980 1.262 Deviations from previous NSRDS recommendations: [1, p. 6]
990 1.284 RbCL
1000 1.305 Ref. Mol % Min. departure Max. departure
1010 1.326
1020 1.574 1.346 98 100 —0.02% (1080 K) - 0.15% (1200 K)
1030 1.596 1.449 1.367 98 0 0.30% (1040 K) 0.36% ( 960 K)
1040 1618 1.469 1.387 Comment: Density results in reference [98] were reported as
1050 1.640 1.556 1.488 1.407 linear temperature dependent equations with standard deviations in
1060 1.662 1.576 1.508 1.460 1.427 the range: 7 X 1074 g em™3 (50 mol % RbCI) t0 9 X 107% g cm™2
1070 1.683 1.596 1.527 1.478 1.447 (25 and 100 mol % RbCl).
1080 1.704 1.616 1.546 1.495 1.466
1090 1.725 " 1.636 1.565 1.513 1485
1100 1.745 1.656 1.583 1.531
1110 1.766 1.675 1602 | 1.548
1120 1.785 1.694 1.620 1.566
1130 1.805 1713 1.638 1.584
1140 1.824 1731 1.656 1.601
1150 1.843 1.750 1.674 1.619
1160 1.862 1.768 1.692
1170 1.880
1180 1.899
1190 1916
Temperature-dependent equations
k=a- bT + cT?
Stand.
Mol % RbCl a 510 c* 108 error
. of est, ’
0 —1.9170 4.3411 —1.1192 0.02%
25 —0.4128 1.7667 0 0.12%
50 —1.4354 3.6305 —0.8057 0.15%
75 —1.9403 45965 | —1.2069 0.07%
100 —2.3072 5.3381 —-1.5035 0.02%

These values are based on the work of Zuca and Olteanu (classical
ac technique) [98].
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Tasre 338. CsCl-RbCl: Density (g cm™3)
: -Mol percent RbCl :
T 100 9% 80 70 60 50 40° | -30 20 10 0 | 115
240 ) 2.780
950 2.769 .
060 2.711 2.758 2.704
970 2.654 2.700 2,747 2.693 -
980 : 2596 2.643 2690 -\ 2736 2.683°
990 - 2,538 - 2.586 2.633 2.679 2125 2.672-
1000 2481 2,528 2.576 2.622 2.668 2714 | 2661 -
1010 : 2.423 2471 2.518 - 2.565 2.612 2.658 2.703 2,651
1020 2.218 2.366 2414 2461 | 2.508 2.555 2.601 2.647 2692 .| 2.640-
1630 2.210 2.259 2.309 . 2.356 2.404 2.452 2.499 2.545 - |° 2,591 2.636- 2.681" 2.629
1040 2201 | 2250 2.200 2347 | 2.305 2442 2.489 2.535 2580 2:625 2,670 | . 2610
1050 .2.193 2242 2290 2.338 2385 | 2432 2.479 2.524 .2.570 2615 2.659- 1 2.608
‘1060 2.184 ‘2233 - | 2281 | -2.329 - | 2376 2422 2.469 -2.514 '2.559 2604 | 2,648 .| 2.597 -
‘1070 2.176 2.224 2272 2.319 2.366 2413 | 2459 2504 . | 2,549 2,593 2,637 2.587
1080 2167 2215 9963 2.310 2357 -| 2403 .| 2449 2494 92,638 2583 | 12694 92576
1090 2.159 - 2206 | 2254 2.301 2.347 2.393 12439 | - 2484 2.528 2.572 2.615 2.565 -
1106 2.150 2198 | 2245 2292 | .2.338 12383 2429 2473 2,517 2.561. : 2,555
1110 2,141 2389 2236 | 2282 - 2.328 2.374 2419 2.463 2.507 2.550 2,544
1120 . 2133 2,180 2227 | 2.273. | 2319 2.364 2409 | - 2453 2497 : o
1130 2.124 217 2.218 2264 |- 2.309 2.354 2.399 2.443 .2.486
1140y 12116 2.162 2.209 2.254 2.300 2.344 2.389 2.432.
1150 2107 2.154 2.200 2245 2.290 2.335 2.379
1166 ..2099 | 2145 |. 2191 . S .
170 |- 209 | 2136
1180 2.082 | 2128
1190 2073 | 2119
" 1200 2.064 :
1210 2.056
1220 2.047
1230 2.039 _
Two-dimensional equation and statistical parameters -
) p=a- bT + cC 4-dC? + eTC
a. boe 10+ e 100 d - 10° U e Miax. Deroent Stand. error.
’ Co S 0.07%
3.09092 . —8.5539¢ 742126 . —2.49024 —2.38944 (1163.2 K, 50 0.03% .
: : : P B mol % CsCl) ’

_ These \i’alueé are based on the work of Zuca and Olteanu (Archimedean method) [98]: €. = mol % CsCl.

J. Phys. Chem, Ref, Data, Vol. 4, No. 4, 1975



1018 JANZ ET a1
Tastz 339, CsCL-RbCI: Density (g cm™3) CsCl-ScCls
Mol percent RbCl 900 : . T T T
T 100 75 50 25 0 | CsClI-ScCly
940 2779 -
950 2.768 g.)‘ 8001
960 2,757 ~
970 2.746 @ o
980 2.619 2.736 3
990 2,609 2.725 o 700F
1000 2482 2.599 2.714 8
1010 2472 2.588 2.703 1= ™
1020 | 2218 2462 | 2578 262 @ oo
1030 2.209 2.333 2452 2.568 2.681
1040 2.201 2.324 2.442 2.557 2.670 5 E
1050 2192 2.315 2432 2.547 2.660 I l
1060 2.184 2.305 2.422 2.537 2.649 500 . . . :
80
1070 | 2175 | 2206 | 2413 | 25% | 2638 o 20 40 60 secly
1080 2.167 2.287 2.403 2.516 2.627 Mol % ScClz
1090 2.158 2.278 2.393 2.506 2.616
1100 2.150 2.969 2.383 2.495 Fieure 49. Temperature-composition phase diagram for CsCl-ScCl..
1110 2141 2.260 2373 2485 N. Ya. Feda-ou and E. S. Petiov, Izv. Sib. Otd. Akad.
120} 2133 | 2251 | 2368 | 2475 Nauk. S.SSR. Ser. Khim Nauk, I, 57 (1967).
1130 2.124 2.242 2.353 2464
1140 2.116 2,232 2.343 2454
1150 2.107 2223 2.333
1160 2.099 2.323 Melt Preparation and Purification
1170 2.090
ﬁgg ;83; Details concerning the preparation of pure ScCls by
1200 2,065 Fedorov and Petrov [71] are discussed under the LiCl-
1210 9,056 SeCl; system. No specific information was reported for
1220 2.048 cesium chloride.
1230 2.039 -
Temperature-dependent equations
p=a+ T TasLE 340. Electrical conductance studies: CsCl-ScCl,
Mol % RbCl [} b-10° S&iﬁé' Investigations critically re-examined
0 3.7987 —1.0849 0.0008 Ref. ScCl: | Temp. range Comments

25 26314 ~ 1n.0227 0.0009 Mol % (1 -

50 3.4729 —0.9910 0.0007 71 | 0617 (g) | 893-1233 | Cell material: sealed quartz

75 3.2733 —0.9131 0.0008 vessels; Mo wire electrodes;

100 3.0863 —0.8514 0.0009 calibration: IN KCl solution

These values are based on the work of Zuca and Olteanu {Archi-

medean method) [98].
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“TaBLe 341, CsCl-ScCls: Specific conductance {ohm™! em™)

Mol 7o 893K | 913K 933K | 93K 93K | 993K 013K | 103K | 1053K
o : 115 121 - 124 1.26 1.32 1.36 o140
10 : 0.95 0.97 1.02 1.05
20
30 .
40 _ 048 0.53 0.54
50 . 0.38 042 ' 046 0.48 0.50 052 0.54
60 0.31 0.34 0.37 0.39 042, 0.44 0.46 o047 0.50
70 :
“gg}:‘f’ 1073 K 1093 K 113K 133K 1153K 3K | 181K 128K 123K
0. 144 147 . 150 152 1.56 158 1.62 164 1.67
10" 1.10 113 - L6 | 118 1.21 1.25 128 132 | L34
20 0.82 0.86 - 0.87 . 092 0.96 0.98 100 1.02 1.05
30 0.64* 0.69 0.74 074 0.78 080 - 0.82 085 .
40 " 056 0.59 0.62 0.64 0.66 0.68 0.70 0.72: 0.74
50, . 056 0.58 060 | .062 0.63 0.64 0.66 0.68 0.68
60 ‘ 052 | 054 056 0.58. 0.60 0.62 0.63 0.65 0.65
7 o 047 0.50 - 0.52 - 054 0.55 057 . 0.60

*Interpolated value. These values have been interpolated to a maxnnum of three sxgmﬁcant figures from the graphical presentation oi
Federov and Petrov (classical ac technique) [71]. :

CsCI-SrCl: S Melt Preparation and Purification
S T T eer T T In their sorface tension studies, Bertozzi and Soldani
900 ) . . o g
g CsCI-SrCly . [244] used carefully dried Merck and B. D. H. salts of
ANE : analytical purity without further purification.
- 8oof- R o
S —— — TaBLE 342. Surface tension studies: CsCl-SrCls
< i » Investigations criticelly re-examined
e SrCl Temp. range
5 o0 Ref. Mol % 0
O' - .
5 ’ ] - 244 0-100 (g) . 1123
: L
g' | B *Surface tension results in reference [244] were reported to be
i ﬁ . w reproducible to 0. 5%
o
. (73
600}~ ©
. 500 ST .'\ L | . i L
: - 20 . 40 80 - 80 . 100
srCi, - ' CsCl
Mol % CsCl R
Ficure 50- Temperature-composition phase diagram for CsCl‘SrCl
E P Dergurov and A. C. Bergman, Dokl. Akad. Nauk.
SSSR, 75, 6], 817 (1950)..
v T.u;u-: 343. CsCl-S5rCl.: Surface tension (dyn em™1} : .
Mol % StCls’ .. 1123K . . Mol % S:Cl - 1123K
e | 75 60 102
10 ol 79 . 70 110
20 m 8 © 193
30 88 _ % 141
40 _ B 93 , : 100 172
© 50 . : ’ : 97

Thaso valucs have been mtcrpolntcd to thrcc significant ﬁgurcu from the graphical prescntation of Dertozal and Soldani (Wilbclmy slide
- plate method) [244]. P
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CsCI-TiCls CsCl-Ucls
800 —r
¥ I i | 1 I T l 1]
CsCI-TiCl ~ F CsCl-UCl .
800 : 78l N %J 4
3 770 ~600
2 - o
S
5 E 3
T 790 / . 8400 3 N A2
5 690 g = 3
Q. 672 (3] 8 a‘ i
5 g g 1 7
2 8 8 3
o C’;’ 200 1 | ! il L | ol : L
€00 g = ] 0 20 40 60 80 100
CsCl UCly
L | i ) i I I | : o
0 20 40 60 80 _I00 Mol % UCis
CsCl Mol % TiCl TiCl3 FicURE 52. Temperature-composition phase diagram for CsCl-UCL.
© 3

Ficure 51. Temperature-composition phase diagram for CsCI-TiCl,.

B. t. Markov and K. V. Chernov, Ukrain. Khim. Zhur.,
25, 283 (1959).

TasLe 344. Electrical conductance studies: CsCl-TiCl,

Investigations critically re-examined

Ref, . ﬁ‘;f% Temp. range Comments
59 0-53 (g) 1073 Cell material: quartz;

Pt electrodes; freq. range:
1400 Hz

TasLe 345. CsCl-TiCls: Specific conductance (ohm™?! em™1)

Mol % TiCls 1073 K
0 ' 145
10 1.09
20 : 0.92
30 0.82
40 0.70
50 0.68

These values have been interpolated to three significant figures
from the graphical presentation of Delimarskii and Chernov
(classical ac technique) [59].

C. J. Barton, A. B. Wilkelson, and W. R. Grimes, Qak-
ridge National Laboratory, Phase Diagrams of Nuclear
Rcactor Matcerials, R. T, T. Thowa ed,, ORNL~2348,
p. 137 {1959).

Melt Preparation and Purification

Bogacz and Ziolek [158] dehydrated CsCl (obtained
from Soyuzkhimexport) by melting the salt in a quartz
tube under a constant flow of dry HCI for a 30 minute
period. The melt was allowed to solidify on a quartz
evaporating dish under a strong stream of HCl. The puri-
fied salt was then crushed and stored in a desiccator over
P.O; or in sealed ampoules. Uranium (IV) chloride was
prepared from uranyl oxalate by hydrogen reduction at
400 °C to uranium dioxide followed by chlorination at

. 410 °C with CCl, vepors in a stream of purified uitrogen,

The composition of the product varied from UCl;y to
UCly.o1. The purified salt was kept in sealed ampoules
filled with dry argon.

TaBLE 346. Electrical conductance studies: CsCl-UCL

Investigations critically re-examined

UCL
Ref. Mol %

Temp. range
T8 Comments

158 0-100 660-1001 | Cell material: quartz tube;
Pt electrodes; freq. range:
5,000-10,000 Hz, measurements
at 10,000 Hz; calibration: KCl
solutions and fused KNOs,

NaNO; and KC1

Deviations from previous NSRDS recommendations: [1, pp. 6, 9]

Ref. NH) ?]% Min, departure Max. departure
158 100 1.2% (870 K) —4.4% (890 K)
158 0 —1.3% (940 K) —3.1% (990 X)

Comment: Bogacz and Ziolek [158] report their conductance
results in the form of equations of the type x = a 4 bt 4 c£? with
standard deviations in the range 0.0 X 10~% ohm~! cm™! (3L13
mol % UCL) to 7.0 X 107% ohm™* ecm™2 (64.08 mol 9% UCL).
The overall error in the conductivity measurements did not exceed

0.5%.

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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- TaBLE 348. Density studies: CsCl-UCL

Investigations critically re-examined

UCL Temp. range A .
Ref. Mol % 7 Cell material

" 158 0-100 .660-1004 | Pt ball and suspensjon wire
: _inside quariz tube

Deviations from previous NSRDS recommendations: [1, p. 6}

Ref. | I\E)(l:l%; ) Min. departurev‘ | Max. departure
158 0 0.54% (950K) 0.59% (980 K)

Comment: Density data in reference [158] were reported.in the
form of linear- temperature . dependent equations with standard
deviations in the range: 0.0 X 1074 g cmT? (33.04 and 83.65 mol %
UCL). 10 150 X 10™* g em™3 (64.08 mol % UCL). The total error

. in density measurements did not exceed 0.2%.

TapLe 349. CsCl-UCL: Density. (g cm™%)

. Mol percent UCL L .

‘T {100.00 92.58 83:35 .79.29 77.20: 69.19- 65.52 64.08 62.44 58.86 56.25 49.04 :) 4389 - | 38.86
680 o ' ' ' 3.574 :
690 ) 3.558

700 3.570 3.542

710 3.554 3.526

720 3.538 3463 | 3.510
.30 | © 3.522 3.449 3.494

740 3.505 | 3.435 3.478

750 3489 | 3421 3.462

760 . 3473 3.407 3.446 3.290

770 3.457 3.392 3430 3.278

780 3441 | 3.378 3414 C ’ 3.266

790 3.425 3.364 3.398 3.343 3.254

- 800 3.409 3.350 3.382 3.329 3.242

810 3.393 | 3.336 3.366 3.316 "3.230

820 3.377 - | 3.322 3.350 T | 3.302 3218 .3.173

-830 3.361 3.308 | 3.335 3.288 3.206 3.163

840 3.345 3294 8.819 - 8.275 | 3194 | 3.152

850 : 3.328 3.279. 3.303 3.261 | 3183 3.141

860. 3423 3.385 3.312 3.265 3.287 3.247 3171 3.131

870 | 3.558 3410 : 33711 3.296 3.251 3271 3.234 3.159 3.120

880 | 3530 | 3307 {3358 | 3.320 3.303 | 32.280 2.227 3.255 3.230 3.220 3,147 5109 | s.o72
890 | 3.519 3.385 3.344 3.315 3.288 3.264 3.223 3239 3.216 3.206 3.135 3.099 3.062
900 { 3.500:.] 3.372 3254 3.330 3.301 3273 3.248 3.209 3.223 3.203 3.193 3.123 3.088 3.052
910 | 3.480 3.359 3.241 3.316 3.287 3258 | 3.232 3.195 3.207 1 3.189 3179 3111 3.077 3.043
1920 | 3.461 3.346. 3.227 3.303 3.273 3.243 3.216 3.180 3.191 3.175 3.166 | 3.099 3.066 3.033
930 | 3.441 3.333 3214 3.289 3.228 3.200 3.166 3.175 -3.161 3.152 3.087 3.056 3.023
940 | 3.422 3.320 3.201 . 3.213 3.184 3.152 3.159 3.148 3.138 3.075 3.045 | 3014
950 : 3.307 3.187 . 3.198 3,138 3.143 3.063 3.034 3.004
960 ' : 3.051 | 3.024 | 2994
970 : 2985

1. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLE 349. CsCI-UCL: Density (g em™*)—Continued

Mol percent UClg

T 33.65 33.04 31.13 30.43 2700 | 24.06 21.28 -} 1945 13.83 7.35 3.26 1.02 0.00
800 3.073
810 3.062
820 3.061 3.051
830 3.050 3.040
840 3.048 3.039 3.030
850 3.039 3.028 3.019 2.986
860 3.029 3.017 3.008 2.975
870 3.019 3.007 2.997 2.964
880 3.017 3.010 2.996 2.987 2.953
890 3.010 3.000° | 2985 2.976 2.942
900 3.003 2.990 2.974 2.965 2.931 2.889
910 2,074 2,906 2.080 2.963 2.051 2,920 2878 -
920 2.969 2.989 2971 2.953 2.944 2.909 2.868 2.833
930 2.964 2.985 2.982 2.961 2.942 2.933 2.897 2.857 2.822 2.801 2.795
940 2.959 . 2.964 2975 2.975 2.951 2931 2.922 2.886 2.812 2.792 2.784
950 2.954 2.956 2.966 2.968 2.942 2.920 2.875 2.801 2.783 2.773
960 2.949 2.947 2.957 2.932- 2773 2.763
970 2.944 2.941 1 2.948 2.764 2.752
980 2.935 2.755 2.741
990 2 746
1000 2.736
Temperature-dependent equations
p=a-bT
Mol % UCkL a ) b 10 Stand. deviation
0.0 3.8047 —10.855 0.0001
- 1.02 3.6670 —9.308 0.0004
3.26 3.7852 —10.355 0.0006
7.35. 3.8520 —10.701 0.0003
13.83 39300 -11.113 0.0004
19.45 3.9316 ~10.378 0.0003
21.28 3.9463 —10.801 0.0004
24,06 3.8629 : —9.697 0.0007
27.00 3.6417 —7.09%4 0.0004
30.43 3.8441 -—9.241 0.0007
31.13 3.7666 —8.536 0.0004
33.04 3.5297 —6.065 0.0000
33.65 3.4249 —4.955 0.0000
38.86 3.9243 —9.688 0.0004
43.89 4.0492 —10.682 0.0005
49,04 4.1955 —11917 0.0004
56.25 '4.4225 —13.663 0.0004
58.86 4.4402 —13.752 0.0005
62.44 4.6601 —15.971 0.0013
64.08 4.4808 —14.134 0.0015
65.52 4.6966 —16.096 0.0011
69.19 4.6211 —14.976 0.0002
77.20 4.5521 —13.904 0.0006
79.29 4.5678 —13.751 0.0003
83.35 4.4601 —13.398 0.0005
92.58 45279 —12.847 0.0007
100.00 5.2508 —19.455 0.0006

These values are based on the work of Bogacz and Ziolek (Archimedean method) [158].

J. Phys. Chem, Ref. Data, Vol. 4, Ne. 4, 1975
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Tempernturc-composition phasc diagram for CsCl-ZnCl..

B. R. Markov, I. D.. Panchonko., and T. G. Mustenko,
Ukrain, Khim, Zhur., 22 287-91 .(1956).

Melt Prepurufion and Purfficaﬁon

Smith and .Smith" [91] used CsCl (99.9% )‘ wlﬁch ‘was .

recrystallized from water, solvent extracted and vacuum
dried. Further purification involved passing pure HCI gas
through the melt followed by nitrogen gas. Zinc chloride
was prepared from high’ grade Zn metal and pure HCI
and then distilled. Weighings were. made in a.vacuum-type
dry box under mtrogen atmosphere, .

‘1025

" Koch-Light CsCl used by Weeks [108] and Bloom and
Weeks [197,198] was dried at 400.2C for three hours.

‘May and Baker (R) ZnCl, was heated under vacuum for

several -hours and then fused. Chlorine gas was passed
through the melt for 15-30 minutes, after which it was
transferred to a silica apparatus and:distilled at 600 °C.
Sclutions' were analyzed for Zn®* and Cl~ ions using
disodium ethylenediaminetetracetic acid and silver nitrate
(dlchloroﬂuorescem indicator), respectlvely _

Markov ‘and Bolkov [194] used ZnClo which was
twice recrystallized from water, dried, subjected to a flow
of ‘HCl gas and finally distilled and sealed into ampoules.
CsCl was recrystallized and. dricd.

TaBLE 350. Electrical conductance studies: CsCl-ZnCle

Investigations critically rc-exaxmned

ZnCl.
Mol %

-58.1-100

Ref. - Temp, range Comments

108, 197 | 522-882 Cell material: silica

glass; Pt electrodes;
freq. range: 0.5-50,000
‘Hz, measurements at
5000 Hz; calibration: 0.1
and 1.0 Demal KCI

solutions at 25 0

Deviations from previous NSRDS recommendations: {1, p. 10}

ZnCl: -
Ref. ‘Mol %

108, 197*° 100

“Min, deparlurc» Max.-departure

—30% (830K) | —53.0% (627K) °

*Weeks [108] reports an overall accuracy in conductance meas:
urements of 0.5% and 0.3% for pure zinc chloride.and for mixtures,
respectively. The cell conctant changed by 0.1-0.29%. during a run.

‘Weeks [108] reported experiméntal specific conductivities and

Bloom and Weeks [197] gave equivalent conductances in the form -
of the Adam-Gibbs equation (A = 4 exp (—B/T In (T/T,)).

1. Phys. Chem. Ref. Duta, Vol.-4, No. 4, 1975
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Tasee 351. CsCl-ZnCl: Specific conductance (Iohm‘1 cem~1)

Mol percent ZnCl.
T 100.00 97.17 93.84 84.90 79.70 67.94 58.08
530 0.06754
550 0.05364 0.08252 0.09248
570 0.04580 0.07269 0.1083 0.1192
590 0.008815 0.01962 0.06198 0.09427 0.1360 0.1475
610 0.002514 0.01274 0.0279 0.08101 0.1182 0.1654 0.1773
630 0.004740 0.01892 0.03861 0.1027 0.1444 0.1962 0.2082
650 0.008460 0.02749 0.05181 0.1269 0.1726 0.2284 0.2403
670 ) 0.01399 0.03856 0.06752 0.1535 0.2028 - 0.2617 0.2732
690 0.02163 0.05225 0.8580 0.1823 0.2347 0.2961 0.3069
710 0.03171 0.06869 0.1067 0.2131 0.2682 0.3312 0.3410
730 0.04454 0.08798 0.1302 0.2458 0.3032 0.3669 0.3755
750 0.06042 0.1103 0.1564 0.2801 0.3395 0.4031 0.4102
770 0.07968 0.1356 0.1853 0.3160 0.3769 0.4396 0.4449
790 0.1026 0.1642 0.2170 0.3533 0.4154 0.4761 0.4754
810 0.1296 0.1961 0.2515 0.3918 0.4546 0.5126 0.5135
830 0.1608 0.2315 0.2889 0.4313 0.4946 0.5488 0.5471
850 0.1967 0.2705 0.3291 04718 0.5351 0.5846 0.5800
870 0.3132 0.3723 . 0.5129 0.5759 0.6198 0.6120
Temperature-dependent equations : ’
k=a -+ 0T 4 cT?* 4T
Stand.
Mol % ZnCl. a - 10t b 10% c* 108 d-10° erTor
of est.
58.08 6.71241 —4.5267 8.3585 - —3.7187 0.25%
67.94 7.7826 —4.8809 8.5913 —3.6672 0.15%
79.70 11.1048 —5.6959 8.6185 —3.1928 0.22%
8490 14.7698 —6.8603 9.5679 —3.3976 3.36%
93.84 6.7834 —2.2889 1.4825 0.8552 0.38%
97.17 34730 —0.4230 —1.7232 24876 1.13%
100.00 —9.7574 5.5534 —10.4507 6.5176 1.30%

These values are based on the work of Bloom and Weeks (classical ac technique) [108, 197].

TaBLe 352. Density studies: CsCl-ZnCi,

Investigations critically re examined

ZnCl,
Ref. Mol ,ﬁ)

Tem&'l)-ange Comments

91* 10-100 583-1068 Cell material: Pt bi-cone
and Pt suspension wire
(Archimedean method),
silica cell (float

method)

108, 199* | 58.1-100 ' Cell material: silica
pycnometer; calibra-

tion: water

530-850

194 0-100 695-975 Cell material: quartz
sphere (weighted with
W), Pt suspension wire;

calibration: water
Deviations from previous NSRDS recommendations: [1, pp. 6, 10]

Ref, NZIEIC ,li) Min. departure Mazx. departure
91 100 0.09% (630K) - 0.45% (800 K)

108, 199 160
194 100
194 0

—0.08% (683 K)
—0.02% (733 K)
—0.03% (939 K)

0.40% (600 K)
—0.16% (696 K)
—0.04% (975 K)

*Due to the hygroscopic nature and volatility of ZnCl,, Smith and
Smith [91] used the floatation method for density measurements on
pure Zr.Cl: and also for the 97 mole % ZnCl. mixture. Results from
the buoyancy and float methods were in agreement to within 0,1%

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

for pure ZnCl; and 0.7% for the 97 mole % mixture. A correction
was applied for the thermal expansion of the platinum sinker; how-
ever no corrections were made for surface tension force since the
authors concluded that errors due to salt condensation were smaller
than the precision of the measurements. Linear temperature de-
pendent equations were reported with standard deviations in the
range 0.1 X 107% g em™* (99 mole % Zn Cl:) to 7.8 X 1073 g cm ™3
(95 mole % ZnCl)}.

*Weeks [108] and Bloom and Weeks [199] reported an overall
accuracy in density measurements of 0.05% to 0.1%. Calibration of
the pycnometers after experiments showed reproducibility of 0.01%.
Weeks [108] reported experimental density values while Bloom and
Weeks [199] gave results in the form of linear temperature de-
pendent equations with standard deviations in the range: 0.33 X
1073 g cm™® (91.2 mole % ZnClz) to 2.31 X 1073 g cm™% (71.4
mole % ZnCL).
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© TaBLe 353. CsCl-ZnCle: Density (g cm™3)
) Mol ‘percent ZnCls ) .

T 100.00 99.38 9862 95.13 91.22 "85.20 71.40 61.20 58.10
540 2.813
560 ' : 2.730 2.794
580 . 2,571 2.599 2.642 2.713 2739 C 2776

% 600 2.520 2.529 2533 2.559 2.586 2,627 2.696 2722 2.758
620 2509 2,518 2.522 2,547 2,573 2613 2.679 . 2.704 2.739
640 - 2499 2.507 2.511 2,535 2.560 2.598 2.661 2.686 2.721
660 2488 2497 2,500 2.524 2,547 2.584 2644 2,668 2.703
680 2478 2.486 2.490 2:512 2.534° . 2.569 2.627 2651 - | 2684
700 2,467 2475 2479 2.500 2,521 2,554 2.610 2,633 2.666
720 2456 " 2464 2468 . 2488 2.509 2,540 2.593 2,615 2.647
740 2.446 2.454 2457 2476 2.496 2525 2575 2.598 2.629
760 - 2435 2.443 2.446 2,464 2483 2,511 2.558 2.580 2611
780 2.425 © 2432 2452 2.496 2541 2,562 2.592
800 2414 : 2.440 2482 2.524 2,544 2.574

820 2403 2.428 2467 2,507 2.527 2.555
840 : 2416 2453 2490 2.509 2.537
860 2.405 2.438 2472 2.491 2,519

. 880 2455 )
Temperature-dependent equations
) p=a-+bT -
Mol % ZnCl. a ) b 10t Stand. error of est.

58.10 3.3095 —9.1970 0.03%
061.20 - 13.2531 —B8.8586 0.03%
7140 - 3.2111 —8.5904 - 0.09%
85.20 3.0642 —7.2818 0.05%
9122 29745 —6.4724 0.01%

"95.13 2,9160 —5.9476 0.04% -
98.62 2.8575 —5.4123 0.06%
99.38 2.8516 —5.3800 0.08%
- 100.00- 2.8375 —5.2926 0.09%

These values are based on the work of Bloom and Weeks {pycnometric method) {108, 199]. '

800

CuCl-KClI

CuCl —KCl

~  800-
(&)
L3
o
2 .
"o 400
[
Q.
£
2
2001~
| | L 1
20 40 60 80 100
“KCl CuCl
Mol % CuCl

 Ficure 54. Temperature-composition phase diagram for CuCl-KClL

"Carlo Sandonnini, Gazz. Chim. ital,, 441, 307 (1914).

Melt Preparation und Purification .

Sackur [18] used KCl which had been previously fused
and pulverized. Tho CuCl was obtaincd by precipitation -
and then dried. . _ :

Kanazawa and Sakai [116] used purified material sup-.
plied by either Ishizu Chem, Co. (Japan) or Merck. The
salts were dehydrated by heating in vacuum. '

TasLe 354. Electrical conductance studies: CuCl-KCl

Investigations critically-re-examined

Ref. \{]EF 1}6 TempTrange Comments
116 06-79.4

698-003 Cell material: quartz ccll; Pt

electrodes; _freq. range: 1000
Hz; calibration: IN KCI
solution

Deviations from previous NSRDS recommendations: [1, p. 9]

Ref. MIEICE% Min. departure Max. departure
116 0 —3.5% (903K)

—5.2% (763K}

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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Taner 355, CuCLKCL: Specific conductance (ohm™1¢m™1)

Mol percent KCl1

7 Y 711 64.9 50.5 497 40.8 296 179 0
700 1.95 210 2.03 2.35 2.64 291 3.26
710 1,97 2.10 2.08 2.38 2.66 2.94 3.29
720 1.98 2.10 212 242 2.70 1296 3.32
730 1.99 2,11 217 2.46 2.72 2.99 3.34
740 2,01 212 221 249 275 3.01 3.37
750 ©2.03 213 225 2.52 2.78 3.04 3.40
760 2.04 2.14 2.29 2.56 281 3.06 3.42
770 1.03 2.06 216 2.33 250 283 208 345
780 1.96 2.08 2.17 2.36 2.62 2.86 311 3.48
790 2.00 2.10 2.19 240 2.65 2.88 3.13 3.50
800 2.03 2.12 2.21 243 2.68 291 3.16 3.52
810 2.07 2.15 223 246 2.70 293 3.18 3.54
820 211 217 2.25 2.49 2.73 2.95 320 3.56
830 2.14 2.20 2.28 251 2.75 298 3.23 3.58
840 2.18 222 2.30 2.54 2.78 3.00 3.25 3.60
850 ' : 2.22 2.25 2.33 2.56 2.80 3.02 3.28 3.62
860 [2.17] 2.25 2.28 2.36 2.58 2.82 3.04 3.30 3.64

- 870 [2.21] 229 2.31 2.39 2.60 2.84 3.06 3.32 3.66
880 [2.26] 2.32 2.34 " 242 2.62 2.86 3.08 3.35 3.68
890 [2.30] 2.36 2.37 246 2.64 2.88 3.10 3.37 3.69
900 [2.34] 240 2.41 249 2.65 2.90 3.12 3.40 3.71

) Temperature-dependent equations

k=a - bT + cT?

Stand.
Mol % KCI1 a b 108 ¢ 106 exrror
of est.
0.0 ~0.7844 8.5196 —3.9207 0.18%
179 1.2251 24135 4] 1299,
29.6 —1.0888 7.5901 ~—3.2428 0.35%
40.8 —2.7408 10.764 —4.9926 0.52%
49.7 —5.7136 17.258 —8.8502 3.14%
59.5 6.2012 —11.971 8.7241 1.02%
64.9 3.8262 —6.5115 5.4819 1.30%
71.1 —0.8606 3.6194 Q 0.82%
79.4 [—1.4746] [4.240] 0 0.00%

These values are based on the work of Kanazawa and Sakai (classical ac technique) [116].

TasLE 356. Density studies: CuCl-KCl

TasLe 357. CuClKCl: Density (g em™3)

Investigations critically re-examined

Mol percent KCI

Ref. KCl1 Temp. range Comments - T 100 971.5 94.6 911
Mol % (T) ;
10732 1.506 1.548 1.586 1.624
18 91.1-97.5 Cell material: Density bob of

Pt-Au alloy; calibration:
molten KCl

3. Phys. Chem, Ref. Data, Vol. 4, No. 4, 1975

These values are based on the work of Sackur (Archimedean
method) [18]. Due to limited data, the experimental results are

given,
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DyCIs-KCI .
"~ 8007 T T T
DyClz—KCl
700
600}
< BK3DyCl5
. +
5 KCH
T 500 |
S
s 2
g i e 390
[ 400 Ovel a O O—O— =
: %2 = | 'KDysClio+ BK3DYCle :
vKDy3Cllo aK3DyClg
300 KDyzClip+aKzDyClg K+C|
_O 20 40 60 80 100
Mol % KCI

Ficure 55. Temperature-composition phase diagram for DyCl-KCl.

B. G. Korshunov, and D. V. Drobot, Russ. J. Inorg.
Chem., 10, 508 (1965).

Melt Preparation and Purification

Dysprosium ' trichloride was prepared and analyzed as

described under the system KCI-NdCls.

TasLE 358. Electrical conductance studies_: DyCIrK(;l

Investigations critically re-examined .
1 KC Temp. range
Ref. Mol % Ty - Comments
190* | 0-100 (g) | 1073,1173 | Cell material: quartz capillary

cell; Pt electrodes; freq.
range: 100,000-250,000 Hz;
calibration: molten CsCl; KCI,
NaCl

*Equivalent conductivities were reported.
Comment: Experimenial -details are brielly dl::bussed under the

system KCI NdCl..

. TAB.LE 359, DyCl--KCl: Molar conductance {ohm™~% cm? mol~1} -

Mol % KCl C1073K Mol % KCI 1073K
-0 456 50 56.0
10 50.9 60 575
2 536 70 62.0
30 550 80 - 710
40 55.7 90" 86.6

*Extrapolated -value.

These values have been interpolated to three significant figures from the graphical presentation of Forthmann and Schneider (classxcal

ac technique) [190].

J. Phys. Chiem. Ref. Data, Vol. 4, No. 4, 1975'
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Melt Preparation and Purification

Dysprosium trichloride was prepared and analyzed as
described under the system KCI-NdCls.

TasLe 360, Electrical conductance studies: DyCl:-NaCl

Investigations critically re-examined

NaCl Temp. range
Ref. v

Mol %

Comments

190" | 0-100 (g)

1073, 1173

Cell material: quartz capillary
cell; Pt olectrodes; freq.
range: 100,000-250,000 Hz;
calibration: molten CsCl, KCl,
NaCl -

1030
DyCl:-NaCl
800 T T T 1
DyClz—NaCl
700} Y3 s
8§54
& 600} - .
~ L+ NaCt
g
5 - 520
© 500} m
2 9% ioy0,
o) L+ NaDysCl,
g 420 o
= ao0f L LiNosDyTel  noer
x +
DyCls NazDyClg
+
300 | NoDyClio | NaDysClio+NogDyCls §
200 ‘ L ‘ [
o} 20 40 60 80 100
DyClz NaCl
Mol % NaCl

Ficure 56. Temperature-composition phase diagram for DyCL-NaCl.

B. G. Korshvnov and D. V. Droboy, Zh. Neorgan. Khim.,
10 [4], 939 (1965); Russ. J. Inorg. Chem. (English

Transl.), 509 (1965).

*Equivalent conductivities were reported.
Comment: Experimental details are briefly discussed under the

system KCL1-NdCl..

Taere 361, DyCL-NaCl: Molar conductance (ohm=1 em? mol=1)

Mol % NaCl 1073K Mol % NaCl 1073K
0 46.6 60 832
10 51.6 70 90.3
20 59.5 80 100.
30 67.0 90* 115.
40 724 100 135.
50 774
*Extrapolated value.

These values have been interpolated to three significant figures from

ac technique) {190}

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

the graphical presentation of Forthmann and Schreider {classical
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_ ErCls-KCI_
800 T T I =
ErClz—KCl
700
0
- 5
) o Y
§©  600}-L+ErCls g X
@ g+
g ¢ 3
= ) 490 i
ol L |
& %00~ KCl+
Q N
IS BKErCL
& 400} 376 , |
-o—g—o—(»( Kerslipt B KzkrClg 340
+2 o - . i
300 wS, O] KErLlgtaeKzErClg - KCl+
Qu . a K3ErClg
X b4 ]
200 o — | |
0 20 40 60 80 100
ErCiy Kl

Mol - % KCI
FiGURE 57. Temperature-composition phase diagram for ErCL-KCI.

B. G. Korshurov, D. V. Drobot, I. E. Galchenko and
Z. N. Shevisona, Russ. J. Inorg. Chem., 11, 223 (1966).

Tasre 363, ErClL-KCl: Molar conductance (ohm™1 cm? mol™2)

1031
:Melt Preparation and Purification

_ Erbium trichloride was prepared and analyzed - as
described-under the system KCI-NdCls.

TABLE 362, Electrical conductance studies: ErClKCl

Investigations critically re-examined

KCl1 Temp. range
Ref. Mol % (7) Comments
190* | 0-100 (g) 1073 Cell material: quartz capillary

cell; Pt electrodes; freq.
range 100,000-256,000 Hz;
calibration: molten CsCl, KCl,
NaCl

*Equivalent conductance reported. )
Comment: Experimental details are briefly discussed under the
system KCI-NdCl..

Mol % KC1 1073K Mol % KCl 103K
0 36.7 50 - o 56.0
10 43.3 60 589
20 483 70 : 63.3
30 513 80 725
40 _ 54.0 90 90.7

These values have been interpolated to three significant figures from the graphical presentation of Forthmann and Schneider {classical

ac technique) [190].

GaCl:-HgCl2
200 - — — , 1 - . r
— GUC!3" Hngz
D) .
e
200 -
g liquid
5 :
E& 100" HgGa,Clg
£ o 72 '
ﬁ :\/— ]
0 PN IR H E U R R :
o} 2o - 40 80 80 - 100
- GaCly HgCl,

‘Mol % HgCl,
Ficure 58. Temperature-composition phase .diagram. for GaCls
HgC'I'.’. . ) .

P. L Fedorov, V. V. Tsimbalist, and Liu Kuo-Yiian, Zh.
Neorgan. Khim., 9 [7], 1681 (1964).

Melt Preparation and Purification

The . preparation of purc CaCly by Chretien " and
Couturier [148] is discussed under the system GaCls-KCl
No information was given régarding the preparation
of HgCl,. C

TasrLE 364. Electrical conductance studies: GaCl:-HgCl:

Investigations critically: re-examined .

HgCl: '.;I‘ethp. range -
~ Ref. Mol % -
148 ~34-174 (g) . 353 .

TaBLE 365. IGaCIS-Hng’: Speciﬁc conductance {ohm~2 cm™?)

Mol % HgCls . 353K
25 : 0.0020

5.0 0.0040

75 0.0064

10.0 0.0088

125 : 0.0090

15.0 0.0091

These values have been interpolated to. two significant figures
from the graphical presentation of Chretien and Couturier (classical
ac technique) [148]. i ’

3. Phys. Chem. Ref. Data, Vol. 4, No. 4,-1975
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GaCls-KCl TasLE 367. GaCloKCl: Specific conductance (ohm~! em™?)
800 , 1 ml 1 Mol %133k | 473K | 573K | 613K | 73K | 813K| 913K
- 30 0951
GaCls -KCl 40 0.804 | 0.944
50 0.644 | 0865 | 1.086 | 1.324
60 0.340 | 0.531 | 0.718 | 0.925
800¢ - 70 0.169 | 0.316 | 0.507
O liquid 80 10047 | 0133 | 0.246
o 90 {0.029 | 0.074 | 0.143
® These valucs have bcen intcrpolatcd to three significant figurea
= from the graphical presentation of Arbekov and Petrov (classical
-g 400} ac technique) [80].
L.
Py
Qo
§ GaCl-Licl
= 200 210 T T T T 1 T T
1 %o  Gacls-Licl , =
\/‘] g) L B
g 7100} liquid ' ]
0 ! L i | ‘é |
(6]
0 20 40 60 80 100 g_ LiGaCls
GaCls Mol % KCI KCI o 200}~ 166 ]
Ficure 59. Temperature-composition phase diagram for GaCl-KCL n 57 7
P. I. Fedorov and V. V. Tsimbalist, Zh. Neorgan. Khim., 0 — : | I L B
9 [7) 1676 (1964). Q 20 40 50 80 100
GaCl . i
oCls Mol % LiCl Lt

Melt Preparation and Purification

Chretien and Coutourier [148] prepared GaCl; by direct
synthesis from gallium metal and Cl» gas. The distilled
product (which contained some GaCly) was then fused
under Ny or CO. and gaseous Cls was bubbled through the
melt. Pure GaCl; was then obtained by distillation. The
product was pure white GaCl; of high purity. Analysis was
by complexometric titration using' EDTA (for Ga) and
potentiometric titration with AgNOg (for Cl). Care was
taken to keep the apparatus, in which the measurements
were made, dry. '

TaBLE 366. Electrical conductance studies: GaCls-KCl

Investigations critically re-examined

KCl Temp. range
Ref. Mol % ) Comments
80 |~8-75 (g) 873-973 Cell material: quartz or Pyrex

depending on temperature
range; calibration: molten
KCl and 0.IN and 1.0N KC1
solutions

148" | ~5.2-23.0 353 Pt electrodes; freq. range:

(g) 1000 Hz

*Compositions reported in terms of moles of KCI per 1000 g of
GaCls.

Comment: Arbekov and Petrov [80] reported a 2% accuracy in
their measurements and found differences of up to 5% in calibrating
their cells depending upon the solution used.

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

Ficure 60. Temperature-composition phase diagram for GaCls-LiCl.

P. 1 Fedorov and V. V. Tsimbalist, Zh. Neorgan. Khim.,
9 (7], 1676 (1964); Russ. J. Inorg. Chem. (English
Transl.), 909 (1964).

TasLe 368. Electrical conductance studies: GaCls-LiCl

Investigations critically re-examined

LiCl Temp. rang
Ref. Mol % ) Comments
138,80 { 8-80 (g) 373-873 {Cell material: Pyrex or

quartz depending on tempera-
ture range; calibration:
molten KCI and 0.IN and
1.0N KCl solutions

TasLE 369. GaCl.-LiCl: Specific conductance (ohm~* cm™1)

Mol % GaCl; 373K 473K | 573K | 673K | 773K | 873K
30 1.19
40 0.76 0.90 1.06
- 80 0.28 '0.45 0.60
60 0.18 0.31
70 0.06 0.16
80 0.04 0.10
90 0.02 0.06

These values have been interpolated to two significant figures from
the graphical presentation of Arbekov and Petrov {classical ac tech-
nique) [138, 80].



' PROPERTIES OF CHLORIDES. AND MIXTURES 1033
Guclg;ch| Melt Preparation ,qn_i:_!__Purificution
S [ R B > A brief outline of Chretien and Coutourier’s [148]
| GaCl,~NaCl J rcparation of GaCly is to be found under the system
_ s prop. : : c sy
—~ GaClaKCL
O sooF . :
d N
ah" - .
S . . :
§ 400" . liquid -] . TabLe 370. Electrical conductance studies: GaCl:-NaCl .
2 L NaCl ~GoCl3 . J Investigations critically re-examined
% 238 Ref LiCl Temp. range c N
= 2001 ~ ol Mol % ) omments
78 138 | ~8-80 (g) | 373-1073 | Cell material: quartz or
= . 62 T | Pyrex depending vn lempoia
| ; [ ) i Loy L, ture range; calibration:
o 20 20 60 Py 20 molten KCI and 0.1N and
GaCls : ) NaCl 1.0N KCl solutions
3 Mol % NaCl : : .
. . L ) 148* | ~5.2-16.2 (g) 353 Pt electrodeg; freq. range:
Ficure 61. Temperature-composition, phase diagram for GaCl:-NaCl. ' . 11000 Hz '

" P. 1 Fedorov and V. M. Yakunina, Zh. Neorgan. Khim.,

2 [9], 2103 (1963).

GaCls.

*Compositions were reported in terms of moles of NéCl_.}ier' 1000 g

TasLe 371, GaCl-NaCl: Specific conductance {ohm~! em™1)

Mol % GaCls 31K 473K 573K 673K 773K 883K 993K . 073K

20 a : 156 ¢
30 _ 1.30
an 0.05* 1.10* X 1.2_2 1.32:
50 0.45 0.68 0.85 1.02 ‘
60 0.30 0.45
70 0.20
80 0.07 - 0.15

. 90 l 0.02 0,06,

These values 'hi{ve been inter]io]ate& to three _sigxﬁﬁcant figures from the graphical presentation of Arbekov and Petrov (classical -ac tech-
nique) {138} - ’ ' ’
*Extrapolated value.

GaCl:-RbCl ~ Tasie 373, GaClRbCl: Specific conductance (ohm™* cm.'l)‘
: ’ : V};\cﬁcv};, 313K [473K | 513K | 673K | 713K | 873K |973K
TasLE 372. Electrical conductance studies: GaCl-RbCl - : - : - :
10 1.04
In?estigaﬁons critically re-examined 20 083
RbCl | Temp. range 30 . 0.72
Rl | Mol % T Comments 40 | o049 | o060 o071
80" | ~2-90 (g) | 373-973 Cell material: Pyrex or quartz 50 051 1 0.67 085 4. 1.02
| depending on temperature €0 0.48 0.61 0.75, )
range; calibration: molten KCl, 7 . 0.16 | 029 0.41 0.55
and 01 and LON KCl solutions 801 003 | 011 } 022 :
- - 9| <002 | 006
Arbekov and Petrov [80] reported a 2% accuracy in their meas- 100 | <0.01 |<0.01.
urements and found differences of up to 5% in calibrating their

cells depending upon the. solution used.

‘These valﬁeg ‘have been interpoh_ited to two significant figures from :
the ‘graphical presentation of Arbekoy and 'Petrov “(classical ‘ac”
technique) [80]. C : o

4. Phvs. Chem. Ref. Data, Vol. 4, No. 4. 1975
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GaCls-ShCl: GdClL:-KCl
$00 T T T T
T l ) T | i
' 825
GaClz -SbCl GdClz—KCl
3 3 8oo}- 3 N
- L+BKsGdClg
) —~
o $ 7oo }
- o
=
T 600 KGesCl, -
et 5 et BKaGdClg
2 g +
2 @ 500} o ke
L GdCly I +KaGAClg ]
% KGdsClg © o B
— 40 N 400f- S| KGd3Cligt K26dCis | oboano—o]
& 3\, aKgﬁdC‘xe
| | L . | 1 | i 200 | | | KCI
o] 25 50 75 100 0 20 40 60 80 100
GdCly ~ Kl
©aCls Mol % SbCly SbCly .

Ficure 62. Temperature-composition phase didgram for GaCls-

SbhCls.

A. Chrefien, J. C. Couturier, Rev Chim. Minérale, 2,
487 (1965).

Melt Preparation and Purification

Chretien and Coutourier’s [148] preparation of pure
GaCls is discussed under the GaCl3-KCl system. No details
were given for the preparation of SbCls.

TasLe 374. Electrical conductance studies: GaCls-SbCls

Mol % KCI

Ficure 63. Temperature-composition phase diagram for GdCI-KCl.

B. G. Kurshunon and D. V. Divbot, Russ. J. Inurg.
Chem., 10, 508 (1965).

Melt Preparation and Purification

Gadolinium trichloride was prepared and analyzed as
described under the system KCI-NdCl;.

TABLE 376. Electrical conductance studies: GdCl:-KCl

Investigations critically re-examined

Investigations critically re-examined Ref. MIEF; * |Temp. range Comments
(4
Ref. I\%EIC‘I% Tempi'range 190® |0-100 (g) 1073 Cell material: quartz capillary
11; Pt electrodes; freq.
148 ~10-95 (g) 353, 363, 373 cell; Pt electrodes; freq

TasLE 375. GaCls-SbCl: Specific conductance (ohm™! cm™1)

range: 100,000-250,000 Hz;
calibration: molten CsCl, KCl,
NaCl

*Equivalent conductivities were reported.
Comment: Experimental details are briefly discussed under the

system KCIl-NdCl..
Mol % SbCls 353K 363K 373K
0 <0.0005

10 0.006

20 0.010

30 0.017

40 0.023

50 0.029

60 0.034 0.040 0.046

70 0.036 0.042 0.047

80 0.032 0.036 0.040

90 0.017 0.020 0.022

These values have been interpolated to two significant figures
from the graphical presentation of Chretien and Couturier (classical
ac technique) [148].

. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLe 377. GdClL-KCl: Molar conductance (ohm™? ¢m? mol 1)
Mol % KCl 1073K Mol % KCl 1073 K
0 56.4 60 61.2
10 58.2 70 63.8
20 59.8 80 72.6
30 60.5 90 89.7*
L] 60.8 100 109.°
50 60.8

“*Extrapolated value.

These values have been interpolated to three significant figures from the graphical presentation of Forthmann and Schneider (classical

av technigque) [190].

GdCl-NaCl
800 T T — T
GdClz—NaCl
700} 3~ e -
6 609 [¢)
o OO~ —
) L L+ NaCl
3
500+ 848 -
e L+GdCts
QEJ ° L +Na3G4Cl
a
2 ao0fk . 3% o 3oie .
NaC:
+
NazGdCl
300}~ GdCiz+Na3Gd Clg 3T
200 | ! | !
0 20 40 60 80 100
GdCls NaCl
Mal % NaCl

Ficure 64. Temperature-composition

Chem., 10, 508 (1965).

phase diagram for GdCls-NaCl.
B. G. Korshunon and D. V. Drobot, Russ. J. Inorg.

Melt Preparation and Purification

Gadolinium trichloride was prepared and analyzed as

described under the system KCI-NdCls,

TasLE 378. Electrical conductance studies: GdCls-NaCl

Investigations critically re-examined

Ref, IJI\JOBIC”}IJ Temp. range - Comments
190* | 0~100 (g) 1073 Cell material: guartz capillary

cell; Pt electrodes; freq.
range: 100,000-250,000 Hz;
calibration: molten CsCl, KCl,
NaCl

*Equivalent conductivities were reported.
Comment: Experimental details are briefly discussed under the

system KC1-NdCls.

TaBLE 379. GdCly-NaCl: Molar conductance (ohm™* cm? mol™?)

Mol % NaCl 1073 K Mol % NaCl 1073 K
0 574 60 90.9
10 64.7 70 94.6
20 72.2 80 104.
30 78.0 90 118.
40 84.6 100 136.
50 874

*Extrapolated value,

These values have been interpolated to three significant figures from the graphical presentation of Forthmann and Schneider (classical

ac technique) [190].

3. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975 -
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ngclz_chlz TasLE 381. Hg:Cl-HgCl:: Specific conductance (ohm™* em™?)
600 : - : | | : Mol percent HgCl.
| H T 94.7 88.9 74.8 57.2 33.3 0.0
} - o .
5501 Hg-HgCl, ! Li+Le iL2] 540 | 0.00038 |
'L 560 0.00050
e \ 580 | 0.00061
3 500} . / . 600 | 0.00072
[ ! \ 620 | 0.00083 | 0.0052
iy 640 | 0.00093 0.0063
5 450r HaaCly + L, | 660 | 0.00103 | 0.0072
5 gvie T e \ 680 | 0.00113 | 0.0080
& 400t ] 700 | 0.00122 | 0.0088 | 0.095
g 720 0.0094 | 0.106
[} 740 0.0100 0.116 i
= 3501 760 00105 | 0125 | 0.397 ;
Bg2Clz + L 780 00109 | 0.132 | 0425 | 0.716
300} . 800 0.0112 0.137 0.451 0.779 0.92
“ 820 0.0114 0.142 0.475 0.836 0.98
840 0.0115 0.145 0.497 0.887 1.04
Hg,Cl, + HgCl
250222~ 792, L ' 860 0147 | 0517 | 0932 | 1I0
0 20 40 60 80 100 880 0.147 1.16
HaCly ' Hg 900 0.146 1.22
Mol % Hg 920 0.144 1.29
940 0.141 1.35
FicurRe 65. Temperature-composition phase diagram for Hg.Cle- 960 : 141
HgCl.. 980 1.48
S. J. Yosim and S. W. Mayer, J. Phys. Chem., 64, 1000 ; 1.54
707 (1960). . 1020 : Lol
- 1040 H 1.68
1060 ) 175
Melt Preparation and Purification Temperature-dependent equations
. k=a-+ bT 4+ cT?

Grantham [121] purified reagent-grade HgCl: by (?is- ‘ Stand.
tillation under a partial pressure of oxygen (oxidation Mol % HgCl. [2 b+ 10° ¢+ 10 error
of any HgsCls). The HgCl> was added to the cell in an of est.
inert-atmosphere dry box and sufficient triply distilled Sgg —ggggi 1;;‘;’;‘; (7)-;;67 (1’-53‘;?7

e . . e R —6. . —7.2170 79%
mercury was introduced to obtain the desired compositions. c79 90389 49750 53985 0387
. . : 748 —1.1203 9.9100 —1.6504 0.97%
TasLe 380. Electrical conductance studies: Hg-Cl:-HgClz 88.9 —0.0719 0.1953 —0.1144 2.449%
Investigations critically re-examined 947 —0.0038 0.0097 —0.0036 2.26%
These values are based on the work of Grantham (classical ac
HeCl T .
Ref. | & | 70 ee Comments technique) [121].

121 0.0-94.7 540-1073 | Cell material: quartz; W
electrodes; calibration:

: redistilled Hg and KCl

i solutions

Deviations from previous NSRDS recommendations: {1, p. 11}

Ref. I{/I—Iflc‘;f; Min. departure Max. departure
121 : 0 —5.8% (822K) —8.2% (800K)

Comment: The data reported by Grantham [121] was the average
of several experiments made in a quartz apparatus with various cell -
constants, The values obtained agreed to within 1%. The cell was
constructed for the purpose of measuring electrical conductivities of
molten salts to temperatures of 900 °C and vapor pressure of 118
atmospheres.

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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HgCl:-NH.CI

T T T T T T T

i HgGl~NH,CI

300} ' /

Temperatute (°C)

200

1l ] Pl
0 20 40 80 80 100
HgCl, NH,CI

Mol % NH_CI

FIGURE 66. Temperature-composition phase diagram for HgCl:-
NH.CL

N, Belyaev and K. E. Mironov, Zhur. Obshchei Khim.,
22, 1488 (1952).

TaBLe 382. Electrical conductance studies: HgCl-NH,C]

Tnvestigations eritically re.examined

NH.Cl |Temp. range
Reb | Mo | (D)

15 | ~0-73 (g) | . 523,573 Cell material and calibration:
: "} as for 123

Comments

123 0-70.6 498-573 Cell material: Pyrex; Pt
electrodes; calibration: 0.1N
and 0.0IN NaCl solutions

J. Phys. Chem, Ref. Data, Vol. 4, No. 4, 1975
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TanLe 383. HgCL-NILCI: Specific conductance (ohm™* em™2)

8&go!l

Mol percent NH,Cl

T 706 | 678 | 650 | 620 | 582 | 55.8) 538 | 515 | 500 | 49.7 473 ] 452 | 432 | 376 | 334 280 | 270 ] 220 10.0 51 0
500 0.642 | 0.691 | 0.720 | 0.717 0.726 | 0.719 | 0.608 | 0.476 | 0.630 | 0.615 | 0.630 [ 0.558 0.515 | 0.666
510 0.710 | 0.759 | 0.794 | 0.797 0.817 | 0.778 | 0.695 | 0.576 | 0.699 | 0.692 | 0.701 | 0.614 0.576 | 0.716
520 0.773 | 0.820 | 0.862 | 0.870 0.899 | 0.837 | 0.777 | 0.672 | 0.765 [ 0.766 | 0.768 | 0.670 0.635 | 0.764
530 /[0.897]/{0.748] | 0.831 | 0.873 | 0.923 | 0.936 0.972 | 0.896 | 0.853 | 0.764 | 0.829 | 0.839 | 0.830 | 0.723 0.690 | 0.810 ] [0.667] [0.222]
5401[0.923]|[0.810] |0.883 | 0.920 | 0.978 | 0.995 1.036 | 0.955 | 0,923 | 0.852 | 0.890 | 0.910 | 0.888 | 0.776 0.742 | 0.854 | [0.695] [0.227]
550 |[0.9557|{0.804] | 0.931 | 0.959 | 1.027 | 1.046 | [LU53] | 1.0Y0 | LUL3 | 0.987 | 0.936 | 0.949 | 0.979 | 0.941 | 0.827 0.791 | 0.896 ] [0.723] [0.232]][0.092]
560([0.978110.911710.973 | 0.992 | 1.069 | 1.090 {[1.080] | 1.136 | 1.072 | 1.044 | 1.017 | 1.005 | 1.046 0.990 | 0.876 0.837 | 0.936 | [0.752]] [0.2361|[0.100]
570|[1.0031)10.9497 | 1,011 | 1.017 | L.105 | 1.128{[1.126] [ 1.172 | 1.131 | 1.096 | 1.093 { 1.059 | 1.112 | 1.034 | 0.925 0.879 | 0.974 | 0.781] [0.241]|[0.108] { 0.00012
Temperature-dependent equations
k=a+4 0T + cT?
Mol 9% NH,Cl a b 10 o e 106 Sta:flié;l_mr
5.1 [— 0.3705] { 0.8400] 0
10.0 [— 2.6159] [ 133711 I— 0.80001 -
15.9 [ 02772] [—3.7541] [ 7.2000] >
170 [~ 1.7608] [ 45371 [— 0.8000] &
215 [— 1.7636] [ 52342] [— 1.6000} m
22.0 [~ 0.3581] { 1.0858] [ 1.6000] ~1
27.0 — 44557 15.3785 —10.2693 0.04% >
28.0 — 6.7151 22,5722 —16.2257 0.46% [
30.0 — 4.6588 14,9001 — 94793 0.20%
334 — 4.0838 12.8281 — 7.0899 0.13%
37.6 — 85729 29.4857 —22.1596 0.22%
429 5.6267 17.2120 — 9.45068 0.36%
45.2 — 59212 19.2235 —12.2416 0.20%
473 — 94519 29.5406 —19.3697 0.22%
49.7 —11.4560 39.1703 —30.0863 0.05%
50.0 — 2.2228 5.8840 0 6.89%
515 —15.4435 55.1178 —15.5572 0.46%
53.8 [— 0.9714] I 3.68001 n
55.8 —12.4897 44.4325 —36.0394 0.25%
58.2 - 11.1690 39.8133 ---32.0716 0.48%
62.0 —11.7939 42.7950 --35.6498 0.03%
65.0 -+ 92110 32.3724 - -25.3318 0.26%
67.8 [--13.5138] [ 47.2618} [- -38.4000]
70.6 [— 2.6740] [ 10.53411 [— 7.2000]

*The only experimental value is reported.
These values are based on the work of Belyaev and Mirnov (classical ac technique) [123].
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KCl-LaCls
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" FIGURE 67. Temperature-composition phase diagram for KCl-LaCl,.

In-chzhu Sun and I 8. Morozov, Zhur. Neorg. Khiiu.,
3, 1916 (1958).
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" Melt Preparation and Purification

The -preparation of LaCls by Forthmann et al. {186] is
described under the system KCI-NdCl;. Cho and Kuroda
[220] used commercial lanthanum nitrate as a starting
material and reacted this with oxalic acid to produce
lanthanum oxalate. This was then decomposed at 900—
1000 °C. Anhydrous LaCl; was then obtained by vacuum
heating a mixture of pure Lay0; and NH,CI at 350 °C for
one hour. The yield exceeded 00%. In order to rcmove
unreacted Laz03, LaOCl and NH,CI the product was fused
at 950 °C, evacuated for 2 hours and then the upper layer
was removed and stored under an atmosphere of Ar.

TasLe 384. Electrical conductance studies: KCl-LaCls

Investigations critically re-examined

Ref. 131’3 ]C ‘]% Temp. range Comments

220 0-100 1057-1310 | Cell material: quartz capillary
cell; Pt electrodes; calibration:
molten NaCl, KCI, CsCl

186 | 0-100 (g) 1190 Cell material: quartz capillary
cell; Pt electrodes; freq. range:
100,000-250,000 Hz; calibra-
tion: molten NaCl, KCI, CsCl

J. Phys, Chem. Ref. Data, Vol. 4, No. 4, 1975:
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Tasie 385. KCl-LaCls: Specific conductance (ohm~* cm™?)
Mol percent LaCls
T 100 84.5 69.9 59.3 50.3 383 - 24.9 139 5.2 0
1050 0.935
1060 0.958 0.980
1070 0.981 1.003 1.053 2.016
1080 1.232 1.003 1.027 1.076 1.448 2.046
1090 1.057 1.259 1.026 1.050 1.099 1.466 2.074
1100 1.088 1.060 1.285 1.049 1.072 1121 1.484 2.100
1110 1.118 1.087 1.311 1.072 1.095 1.142 1.502 2.125
1120 1.146 1.113 1.338 1.094 1.117 1.163 1.520 2.148 .
1130 1174 1.139 1.364 1117 1.139 1.183 1.538 2.170
1140 1.201 1.165 1.390 1139 . 1.161 1.203 1.555 2.189
1150 1.227 1.189 1415 1.161 1.182 1.222 1572 2.207
1160 1.167 1.253 1.214 - 1.441 1.183 1.204 1.241 1.589 2,224
1170 1.219 1.193 1.277 1.238 1.467 1.206 1.225 1.259 1.606 2.238
1180 1.244 1.218 1.300 1.262 1.492 1.228 1.246 1.276 .1.622 2.251
1190 1.270 1.244 1.323 1.285 1518 1.250 1.266 1.293 1.638 2.263
1200 1.294 1.269 1.345 1.307 1.543 1271 1.286 1.310 1.654 2273
1210 1.319 1.294 1.365 1.329 1.568 1.293 1.307 1.325 1.669
1220 1.343 1.319 ' 1.326 1.341 1.685
1230 1.368 1.343 1.355 1,700
19240 1.301 1.362 i
1250 1.415 1.392 i
1260 1.438 1417 ;
1270 1.461
1280 1.484
1290 1.507
1300 1.529
Temperature-dependent equations
k=a | T | T2
Mol % LaCls a b« 103 c -« 108
0 —5.7416 16.408 —8.374
5.2 —0.8456 : 3.820 —1.212
13.9 —2.5990 ' 6.828 —2.817
249 —1.6079 ! 4,222 —1.186
38.3 —1.1009 2.934 —0.404
50.3 —1.2162 3.422 —0.480
59.3 —2.7239 | 6.456 —2.273
69.9 —4.,4667 10.423 —4.481
84.5 —1.7387 3.976 ~0.789
100.0 ©—2.1376 4.930 —1.32¢

These values are based on the work of Cho and Kurodaw(c]assical ac technique) [220].

TaBLE 386. Density studies: KXCl-LaCl,

Investigations critically re-examined

Ref. h’;;f%} Tomp. range Cell material
178 0-88 1075-1170 | Mo or Pt capillary tube and
crucible
220 0-100 1040-1270
) Comparison with NSRDS recommendations:
[1, p. 5 and this volume]
Ref. I\}Ilglc l;b Min. departure Max. departure
178 0 —0.07% (1123 X)
220 50 3.51% (1260 X) 6.46% (1040 K)
220 25 —0.84% (1130 K) —1.21% (1250 K)

Comment: Density results in reference [178] were reported in the
form of linear temperature dependent equations with standard

deviations of =0.002 g cm ™2,

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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Tasre 387. KCl-LaCls: Density (g cm™3)
Mol percent LaCla

T 80 - 70 60 50 40 30 20 10 0 53
1075 2.876 2,737 2.600 2.459 2.309 2.144 1.958 1.746 1.503 2.502
1080 2.874 2.734 2.597 2.456 2.306 2.141 1.955 1.744 1.500 2.499
1085 2.871 2.731 2.594 2.453 2.303 2.137 1.952 1.741 1.498 2.496
1090 2.868 2.729 2.591 2.450 2.299 2.134 1.949 1.738 1495 2.493
1095 2.866 2.726 2.588 2.446 2.296 2.131 1.946 1.735 1493 2.489
1100 2.863 2.723 2.585 2443 2.293 2.128 1.943 1.732 1.490 2.486
1105 2.860 2.720 2.581 2.440 2.290 2.125 1.940 1.729 1.488 2483
1110 2.858 27117 2.578 2437 2.286 2,122 1.937 1.727 1.485 2.480
1115 2.855 2.714 2.575 2433 2.283 2.118 1.934 1724 1.483 2477
1120 2.852 2711 '2.572 2.430 2.280 2.115 1.931 1.721 1.481 2473
1125 2.850 2.708 2.569 2427 2.277 2,112 1.928 1.719 1.478 2.470
1130 2.847 2.705 2.566 2424 2.274 2.109 1.925 1.716 1.476 - 2467
1135 2.844 2.702 2.563 2.421 2.270 2.106 1.922 1.713 1474 2.464
1140 2.842 2.699 2.560 2418 2.267 2.103 1.919 1.711 1.472 2.461
1145 2.839 2.696 2.557 2.415 2.264 2.100 1.917 1.708 1.469 2.458
1150 2.837 2.694 2,554 2411 2.261 2.097 1.914 1.706 1.467 2435
1155 2.834 2.691 2.551 2408 2.258 2.094 1911 1.703 1.465 2.452
1160 2.831 2.688 2.548 2.405 2.255 2.091 1.908 1.701 1.463 2449
1165 2.829 2.685 2.545 2.402 2.252 2.088 1.905 1.698 1.461 2.446
1170 2,826 2.682 l 2.542 2.399 2.249 2.085 1.903 1.696 1.459 2.442

Two-dimensional equation and statistical parameters
p=a-+ bT 2 ¢C?® 4 dTC 4 eTC? - fCT?

tand.

a b+ 10 ¢+ 107 d+ 108 e+ 10° fe100 Max. percent i
eparture of est.

, 0.45%
23.58192 —3 72058 —Q.31984 —2.11204 ].A3017 R14737 (11732 K, 100 0.08%
mol % KCI)

These values are based on the work of Smirnov and Stepanov (modified maximum bubble pressure technique) [178]. € = mol % KCL

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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Tasre 388, KCi-LaCl:: Density (g cm‘_s)

Mol percent LaCls

T 88 75 62 50 37 25 12 0
1075 2.997 2.806 2.624 2.456 2.259 2.053 1791 1,508
1080 2.995 2.803 2.621 2453 2.256 2.050 1.788 1,505
1085 2.992 2.801 2.618 2.450 2.253 2,047 1.785 1.502
1090 2.989 2.798 2.615 2.447 2.250 2.045 1.782 1.499
1095 2.986 2.795 2.612 2.444 2.247 2.042 1.780 1.496
1100 2.983 2.792 2610 2441 2.245 2.039 1.7717 1.493
1105 2.980 2.790 2.607 2.439 2.242 2.036 1.774 1.490
1110 2.978 2787 2.604 2.436 2.239 2.033 1771 1.487
1115 2975 2.784 2.601 2433 2.236 2.030 1.768 1.484
1120 2.972 2.781 2.599 2.430 2233 2.027 1.765 1.482
1125 2.969 2,779 2.596- 2427 2.230 2.025 1.763 1.479
1130 2.966 2,776 2.593 2424 2.227 2,022 1.760 1.476
1135 2.963 2.773 2.590 2422 2.224 2.019 1.757 1473
1140 2.960 2.770 2.588 2419 2.222 2.016 1.754 1.470
1145 2.958 2.768 2.585 12416 2.219 2.013 1.751 1.467
1150 2.955 2.765 2.582 2413 2.216 2.010 1.749 1.464
1155 2.952 2,162 2.579 2.410 2.213 2.007 1.746 1.461
1160 2.949 2.759 2.577 . 2407 2.210 2.005 1,743 1.458
1165 2.946 2.757 2.574 2.405 2.207 2.002 1.740 1.455
11760 92.943 92754 92.571 2.46% 92 904 1.699 1737 1483

Temperature-depcndent equations
p=a- bT

Mol % LaCl; a b 10%
0 2.130 —5.79
12 2.396 —5.63
25 2.667 —5.71
37 2.877 ~—5.75
S0 3.064 —5.66
62 3.218 —5.53
Y6 3.394 —547
88 3.608 —5.68

These values are based on the work of Smirnov and Stepanov (modified maximum bubble pressure technique) [178].

TasLe 389. Surface tension studies: KCl-LaCla

Investigations critically re-examined

Ref. hl;fﬁlcl}a Temp. range | Comments
178 0-88 1080-1260 | Cell material: Mo or Pt

capillary and crucible enclosed
in a sealed quartz tube;
calibration: apparatus tested
by measurements on molten

NaCl (825-1010 °C)

Deviations from previous NSRDS recommendations: [2, p. 58]

Ref.

LaCla
Mol %

Min, departure

Max. departure

178

0 | —081% (1073K)

—1.42% (1173 K)

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLe 390. KCl-LaCls: Surface tension.(dyn cm™2)
Mol percent LaCls
T 100 88 75 62 50 37 25 12 0
1080 118.25 111.81 107.12 103.85 101.22 99.52 97.86 9747
. 1085 117.96 111.48 106.79 103.50 100.87 99.17 © 97.50 97.05
1090 117.67 111.16 106.45 103.15 100.51 98.81 97.13 96.64
1095 117.38 110.84 106.12 102.79 100.16 98.46 96.77 96.23
1100 117.09 110.51 105.78 102.44 99.80 98.10 96.40 95.81
1105 116.80 110.19 105.44 102.09 99.45 91.75 96.04 95.40
1110 116.51 109.86 105.11 101.73 99.09 97.39 95.67 94,98
1115 116.22 109.54 104.77 101.38 98.74 97.04 95.31 94,57
1120 115.93 109.21 104.44 101.03 98.38 96.68 94.94 94.15
1125 115.64 108.89 104.10 100.68 98.03 96.33 94.58 93.74
1130 115.35 108.56 103.76 100.32 97.67 95.97 94.21 93.32
1135 115.06 108.24 103.43 99.97 Y7.32 95.62 93.85 92,91
1140 114.77 107.91 103.09 99.62 96.96 95.26 93.48 92.49
1145 114.48 107.59 102.76 99.26 96.61 94.91 93.12 92,08
1150 114.19 107.27 102.42 98.91 96.25 94.55 92.75 91.67
1155 113.90 106.94 102.08 98.56 95.90 94.20 92.39 91.25
1160 113.60. 106.62 - 101.75 98.20 95.54 93.84 92.02 90.84
1165 113.31 106.29 10141 97.85 95.19 93.49 91.66 90.42
1170 117.76 113.02 105.97 101.08 97.50 94,83 93.13 91.29 90.01
1180 116.44
1190 115.12
1200 113.80
1219 112.48
1220 111.16
1230 } 109.84
1240 | 10852
1250 ! 107.20
1260 E 105.88
Temperature-dependent equations
y=a-+ 8T
Mol % LaCls a b 102
0 187.0 - 829
12 176.7 — 730
25 176.2 — 7.10
37 1774 — 710
50 180.1 — 7.06
62 179.7 — 6.72
75 1819 — 649
88 181.0 — 5.81
100 2722 —13.2

These values are based on the work of Smirnov and Stepanov (maximum bubble pressure method) [178]. The temperature range from

1080 to 1170 K was assumed.

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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KCI-LiCl
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Ficure 68. Temperature composition phace diagram for KC}LiCl

S. Zhemchuzhngi and F. Rambath, Izv. Sph. Politekh-
‘nicheskogo Institute, 12, 349 (1909); Zh. Russ. Fiz-
Khim. Ova Chast Fiz. 41, 1785 (1909); S. Zemezuzny
and F. Rambach, Z. Anorg. Chem., 65, 403 (1910).

+ Melt Preparation and Purification

Karpachev et al. [23] dehydrated the chloride salts
in an electric oven. The dried mixture was analyzed for
total chloride with AgNOs,

Van Arisdalen and Yaffe [37] used analytical grade
materials which were dehydrated by fusion under an

J. Phys. Chem. Ref. Data, Vel. 4, No. 4, 1975
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atmosphere of: hydrogen or argon gas. The melts were
then cooled to room temperature, crushed and stored in a
dry atmuspliere. Mixtures were placed in a platinum-
rhodium crucible and gradually heated in an inert atmos-
phere to a temperature slightly above the melting point.
Hydrolysis was checked for after each experiment and
composition analysis consisted of total chloride by pre-
cipitation as silver chloride.

Duke and Bissell [47] dehydrated Baker “analyzed”

LiCl and KCl at 450 °C for 36 hours in a vacuum

apparatus. :

Janz et al. [84] used Fisher “reagent grade” materials
which were dried in an all glass vacuum-iransfer system.
The salts were placed in vials and evacuated to 107¢ mm
pressure at room temperature or at 100 °C; a dry argon
or nitrogen ‘“flush” was used to hasten water removal.
The LiCl -and KCl dried using this procedute gave pll
readings of 7.1 and 6.6, respectively for their aqueous
solutions. The eutectic mixture was prepared, placed in
the conductance cell and evacuated at 300 °C overnight.

The preparation of pure salts by Sakai and Suzuki
[127] is described under the LiCl-NaCl system.

Ellis [187] used reagent-grade alkali metal halides
which were dried at 200 °C overnight. The LiCl-KCI
eutectic mixture was prepared by ball-milling the dry
salts together, fusing them under vacuum over a 72 hour
period and passing anhydrous HCl through the melt fox
two hours. Before using, the gray colored product was
filtered producing a colorless melt and a white solid on
solidification.

Nissen and Carlsten [230,231] used reagent grade
materials, which were carefully vacuum dried before use.
The appropriate composition was made up by accurately
weighing the dried salts directly into the container. After
melting, the salts were further purified by use of chlorine
and hydrogen chloride gas. All weighing and other manip-
ulations were performed in an atmosphere containing less
than 100 ppm of water. Each sample was analyzed by
atomic absorption after the measurement to determine the
exact composition.
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TaBLe 392. Electrical conductance studies: KCI-LiCl

Investigations critically re-examined

LiCl Temp. range ;
Ref. Mol % () Comments

23 0-100 873-1213 | Cell matenial: guartz; Pt
electrodes; calibration:
molten CdCl.

37 0-100 668-1201 | Cell material: quartz; Pt
electrodes; freq. range:
2000-20,000 Hz; calibration:
1.0 Demal XCl solution
47 0-100 703-1157 | Cell material: silica; Ag/AgCl
’ electrodes; calibration:
1.0 Demal KCI solution

60 | 0-100 {(g)

65 | 0-100 | 823-1153 | Cell material: alumina
(U-shaped tube) ; Pt electrodes;
freq. range: 800 Hz; calibra-
tion: molten KCI

o4 58 633673 Ccll materials Pyrex; Tt
electrodes; freq. range:
750-5000 Hz; calibration:
K(CI solutions

94¢ | 0-100 (g) 1073

102 | 15-88 (g) 973
127 58.5 (g) 673-1023 | Cell material: Vycor glass;
Pt electrodes; freq. range: 1000
Hz; calibration: 1.0 Demal
KCI solution
159¢ 873-1073 | Cell material: quartz
183° | 0-100 () | 1073
192 20 (g) 970-1200
216 | 0-100 (g) 1073
218 |eutectic (g)} 1182-1390 )
Comparison with NSRDS recommendations:
[1, pp. 4, 5 and this volume] -
Ref Lid Min. departure Max. d t
: Mol % . dep ax. departure

23 100 —0.44% (1123 K) —3.1% (1053 K)

47 100 22% (1019K) 2.6% ( 900 K)

65 100 —0.31% (1023 K) —12% (1073 K)

47 81.8 3.5% ( 813K) 44% { 953 K)

65 81.8 —49% ( 873K)

23 70 5.8% ( 981 K} 6.0% ( 7T15K)

65 58.8 —0.05% ( 793K) —0.6% ( 713K)

84 58.8 4.3% € 663 K)

a7 40 —095% ( 893K) | —129% ( 933K)

65 40 —0.8% ( 973K) —2.8% { 923K)

23 20 3.9%- (1038 K)

47 20 0.08% (1033 K) 0.33% (1093 K)

65 20 09% (1023 K) 1.7% (1073 K)

23 0 —23% (1053 K) —51% (1213K)

47 0 —0.04% (1110 K) —0.74% (11537 K)

*Resistance measurements made by Van Artsdalen and Yaffe
[37] in the range 2000 to 20,000 Hz were found to vary less than
0.5%. Recalibration of the quartz dip-type capillary cells showed
changes of less than 0.3% and an average change of 0.1% in the
cell constants. Measurements on melts which showed evidence of
hydrolysis were discarded. Experimental conductance data was re-

1045

ported together with temperature dependent equations of the form:
x = a + bt 4 ct?, with standard deviations in the range 1 X 1078
ohm™ em™! (70.4 mol % LiCl) to 8 X 10™% ohm™! cm™*! (100
mol % LiCl}. .

"Duke and Bissell [47] reported no observable attack of the melts
on their Vycor cells and found changes of only 0.04% in the ceil
constant of these cells after an eight hour period of contact with the
melts.

*Data from reference {37].

Composition of mixture was not reported in reference [159].

Tapre 393. KCI-LiCl: Specific conductance (ohm™! cm™?1)
Mol percent LiCl

T 100 81.77 | 70.36 | 58.80 | 40.45 | 19.96 0
670 1.227

690 1.360

710 1.490

730 1976 | 1.615

750 2133 | 1737

770 2.280 | 1.854

790 2416 | 1.967

810 3150 | 2.541 } 2.076

830 3271 | 2.656 | 2.181

850 3.386 2.760 | 2.281

870 3495 | 2.854 1.890

890 3.599 1.992

910 | 5.819 2.087

930 | 5.940 2177

950 | 6.054 2.260

970 | 6.161 2.337

990 | 6.261 2408 { 2.109
1010 6.353 2472 | 2.176
1030 | 6.439 2.239
1050 § 6.517 - 2.298
1070 2.354 | 2.225
1090 2406 | 2.279
1110 2454 | 2.329
1130 2.376
1150 2.420
1170 2.460
1190 2.497

Temperature-dependent equations
k=a-+ T 4 cT?
Stand.
Mol % LiCl a b+ 10% ¢+ 108 error
of est.

0 —5.5231 1.1714 —4.1800 0.19%
19.96 —5.9678 1.2866 —4.7560 0.17%
4045 —8.5932 1.8845 —7.8109 0.24%
58.80 —5.6492 1.3732 —5.1788 0.18%
70.36 —11.0108 2.7461 —13.2471 0.49%
8L77 —6.7217 1.8182 —7.4002 0.09%

00 —7.3766 2.2747 —9.0623 0.35%

These values are based on the work of Van Artsdalen and Yaffe
(classical ac technique) [37].
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were reported as well as linear temperature dependent equations

with standard deviations in the range 1 X 107* g em™3 (100, 70.4,
81.8 mol % LiCl) to 4 X 107* g em™® (404 mol % LiCl).
"Data from reference [37].
Zuca and Borcan [149] report their density results in the form of

linear temperature dependent equations with standard deviations in
the range: 2 X 107¢ ¢ em™% (0 mol % LiCl) to 5 X 10-* g cm™2

(40 and 60 mol % LiCl).

Data from reference [264].

TaBLE 394. Density studies: KCI-LiCl
Tnvestigations critically re-examined
" Ref. MI(‘:IC 1% Temp. range Cell material

23 | 20-80 950-1156

37" | 0-100 668-1212 | Pt bob, Pt—Rh suspension wire
100® | 0-100 (g) 1063 Pt sinker

149° | 0-100 873-1173

215¢ | 0-100 (g) 1063

Comparisons with NSRDS recommendations:
[1, pp. 4, 5 and this volume]

Ref. Ml‘gﬂ,& Min. departure Max. departure
149 w0} —027% (510 K) —0.28% (1050 K)

23 40 1.3% (921K)

149 40 0.02% (953K) 0.09% (1013 K)

23 20 0.48% (1126K) - .
149 20 —0.26% (963K) —0.27% (1073 K}
149 0 —0.03% (1080 K) 0.12% (1160 K)

sVan Artsdalen and Yaffc [37] corrected for the expansion of the
platinum density bob with temperature. Experimental density data

TasLe 395, KCI-LiCl: Density (g cm™%)

Mol percent LiCl

T 100 90 80 70 60 50 40 30 20 10 0 59.5
720 1.646
740 1.622 1.636 1.636
760 1.598 1.612 1.625 1.626
780 1.588 1.602 1.615 1.627 1.615
800 1.578 1.591 1.604 1.616 1.605
820 1.552 1.568 1.581 1.594 1.605 1.594
840 1.542 1.558 1.571 1.583 1.595 | 1.584
860 1.533 1.548 1.562 1.573 1.584 1.595 1.574
880 1.523 1.539 1.574 1.584 1.564
900 1.496 1.514 1.563 1.573 1.583
920 1.487 1.505 1.553 1.562 1.572
940 1.478 1.496 1.543 1.552 1.561
960 1.469 1.541 1.550
980 1.460 1.531 1.539 1.548
1000 1.451 1.521 1.528 1.536
1020 1.443 1.518 1.525 1.534
1040 1.434 1.507 1.514 1.522
1060 1.497 1.503 1.510 1.520
108¢ 1.492 1.499 1.507
1100 1481 1.487 1495
1120 1471 1.476 1.483
1140 1.465 1471
1160 1.454 1.459
1180 1.447
1200 | 1436
Two-dimensional equation and statistical parameters
p=a- bT + cC 4 dT3 4 eC3 + fTC?
‘ Max. Stand.
a b 10* ¢~ 103 d-10m e 107 fe 108 percent error
departure of est.
0.36%
1.98715 —5.89069 2.02443 5.31098 1.21294 —2.16826 (1019.2 K, 59.55 0.13%
mol % KCI)

i
These values are based on the work of Van Artsdalen and Yaffe (Archimedean method) [37]. € = mo! % LiCL
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TasLe 396. KCI-LiCl: Density (g cm™)

TaBLE 397. Viscosity studies: KCI-LiCl

Investigations critically re-examined

Ref. | LiCl Temp. range

Mol percent LiCl
T 100 81.77 | 70.36 | 58.80 | 4045 { 19.96 0
680 1.670
700 1.660
720 1.649
740 1.619 | 1.639
760 1.609 | 1.628
780 1.599 | 1.618
800 1589 | 1.607
820 1.568 | 1.578 | 1.597
840 1.558 | 1.568 | 1.586
860 1548 | 1.558 } 1.576 | 1.594
880 1.539 1.583
900 | 1.495 ! 1.529 1.572
920 | 1.486 | 1.519 1.560
940 | 1.477 1.549
960 | 1.469 1.538
980 | 1.460 1527 } 1.551
1000 | 1.451 1.516 | 1.540
1020 | 1.443 1.528
1040 | 1434 1.516
1060 1.505 | 1.518
1080 1493 | 1.506
1100 1482 | 1.495
1120 1470 | 1.483
1140 1471
1160 1.460
1180 1.448
1200 1.436
Temperature-dependent equations
p=a-+bT
i Stand.
Mol % LiCl a b+ 10t error
of est.
0 2.1376 - —5.8445 0.03%
19.96 21172 —5.7764 0.02%
40.45 2.0768 —5.6120 0.03%
58.80 2.0286 —5.2676 0.01%
70.36 1.9945 —5.0738 0.01%
81.77 1.9689 —4.8908 0.01%
100 1.8832 —4.3182 0.01%

These values are basced on the work of Van Artsdalen and Yaffe

(Archimedean method) [37].

Mol % () Comments
23 0-100 673-1123
8 | 0-100 8361087 | Cell material: Pt disc
88 | 0-100 911-1187 | Cell material: Pt sphere;

calibration: water, nitroben-
zene, aniline, molten NaNOs
and KCI

100 0-100 1015-1123 | Cell material: Pt disc;
calibration: H.SO: solutions
and molten KCl

149* | 0-100 892-1156 | Cell material: Pt sphere and

Pt suspension wire

187 60 ~645-833 Cell material: viscometer with
an outer container consisting
of a Ni can and a Vycor

glass liner, Pt-10%Rh wire
probes

215 0-100 1015-1123
216 0-100 (g) 1073
327" | 0-100 (g)}| ©OVU-BUU

Comparison with NSRDS recommendations:
{1, pp. 4, 5 and this velume]

Ref. Nh)i 1C¢1% Min, departure Max. departure
23 100 —24% (973K) —8.0% (1073K)
86 100 73% {947K) 15.6% (917K)
88 100 —12% (911X) 9.6% (1023K)

100 100 21.5% (1015X) 34.5% (1083K)

149 100 0.8% (972K) 5.2% (1043 K)
23 100 3.3% (973K) 15.6% (1073K)
86 100 0.1% (1013K) 27.7% (800 K)
88 100 5.6% (1023K) 6.1% (948K)

100 100 18.2% (1015K) 23.5% (1063 K)
23 60 0.88% (973K) —14.3% (1073K)
23 50 0859 (973K) 17.6% (923K)
23 40 —28% (923K) —8.3% (1023K)
86 40 —8.7% (999 K)

100 40 30.9% (1063K)

23 20 —52% (973K} ~14.7% (1073 K)
86 20 —4.3% (1021 K)
100 20 21.0% (1063K)
23 0 21% (1123K)
86 0 —1.9% (1087K)
88 0 —11% (1051K)

100 0 24.3% (1108 K)

23 0 —1.8% (1073K) 9.5% (1173K)
86 0 0.10% (1087 K) —2.2% (1056 K)
88 0 0.0% (1151K) " 91% (1106 K)

100 0 235% (1108 K) 59.3% (1063K)

149 0 0.9% (1085K) 2.2% (1156 K)

27Zuca and Rorean [149] report numerical data along with Arrhe-
nius equations with standard deviations for E), the activation energy
in the range: 1.2 X 1072 Kcal mol™? (60 mol % LiCl, Ex = 4.94
Kecal mol™) to 6.4 X 1072 Keal mol™* (100 mol % LiCl, E). =
6.20 Kcal mol™). The authors state an overall experimental error of
+1.0% in their viscosity measurements.

®Data from reference [100].
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Tasre 398. KCI-LiCl: Viscosity (cp)

Mol percent LiCl

T 100 i 80 60 50 40 30 20 0
890 146
900 1.60 142
910 1.54 1.40 1.38 }
920 149 1.36 133 145 1.47
930 1.43 1.32 1.29 1.35 1.40 1.42
940 1.38 1.28 1.25 1.31 1.36 1.38
950 1.33 1.24 1.22 1.27 1.32 1.3¢
960 1.29 1.21 1.18 1.23 1.28 1.31
970 1.24 1.18 1.15 1.20 1.24 1.27 1.36
980 1.20 115 112 L17 121 1.24 1.32
990 117 1.12 1.09 113 1.18 1.20 1.28
1000 113 1.09 1.06 1.10 1.14 117 1.24
1010 110 1.06 1.03 1.08 L1l 1.14 1.21
1020 1.07 1.04 1.01 1.05 1.09 1.12 118
1030 1.05 1.01 0.99 1.02 1.06 1.09 1.14
1040 1.02 0.99 0.97 1.00 1.03 1.06 1.1
1050 1.01 0.97 0.95 0.97 1.01 1.04 1.09
1060 0.99 0.95 0.93 0.95 0.98 1.01 106
1070 0.98 0.93 0.92 0.93 0.96 0.99 1.03
1080 0.97 101
1090 1.04
1100 1.01
1110 0.99
1120 0.96
1130 0.94
1140 0.92
1150 0.89
Temperature-dependent equations
n=a-4 T 4+ cT? 4 dT3
9=4A *exp (E/RT)
Stand.
Mol % LiCl a b v 10° ¢+ 10° d - 10° A 107 E (cal mol™?) error
of est.
0 13.5546 —2.0050 7.8613 0 0.76%
20 7.037 5707 0.69%
30 9.019 5097 1.69%
40 7.793 5337 1.01%
50 7.860 5249 1.09%
60 8.5113 —0.7401 —4.8633 4.8121 0.59%
80 8.893 4980 0.98%
100 ! 10,0147 —0.5158, —13.0241 9.2997 { 1.36%
These values are based on the work of Zuca and Borcan (oscillating sphere method) {1491
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TaBLE 399. Surface tension studies: KCLLiCl

Investigations critically re-examined

LiCl Temp. range
Ref. Mol % (7 Comments
230, W0-90 660-1083 | Cell material: capillary tip
231° fabricated from pure gold;

calibration: KNQO; and NaNO;

257 0-100 923-1173 | Cell material: Pt capillary;
calibration: radius of capillary
determined from measure-
ments on molten LiCl, NaCl
and KCI

Comparicon with NSRDS rccommendations:

12, pp. 57, 58 and this volume]

Ref. I\}j}c }% Min. departure Max. departure
257 100 29% (1073K) 3.2% (923K)
257 0 —0.30% (1073K) —1.1% (1173K)
257 40 3.16% (700K) 5.36% (850K)

"Nissen and Carlsten 1230, 2311 indicate that careful attention
should be paid to the capillary tip, in particular that the bore should
be as accurately round as possible, the end flat and perpendicular
to the axis of the capillary and the end of the orifice should be
very sharp. A Lietz Ortholux microscope was used to check the
condition and diameter of the orifice. All measurements were cor-
rected for thermal expansion of the orifice. The level of the vapor-
liquid interface was determined by meaguring the resistance be-
tween the capillary and a gold-sheathed thermocouple placed in the
melt as the tip was slowly lowered by means of an adjustment
screw attached to the micrometer head. The temperature of the melt
was maintained constant within 0.5 °C, The vertical temperature
gradient through the sample was less than 1°C. The experimental
error assessed by Nissen and Carlsten was +0.2 dyn/cm.

TasLe 400. KCL-LiCl: Surface tension (dyn cm™?)

Mol percent KCl1

T 90 80 70 60 50 40 30 20 10 58.0
700 132.2 _ ] 1319
720 130.6 5 130.3
740 129.0 128.7
760 128.7 1274 | 1262 127.0
780 127.2 1258 1246 1254
800 125.7 124.2 123.0 123.7
820 124.1 122.6 1213 1221
840 . _ 1226 121.0 119.7 1204
860 | . 1210 1194 1180 117.0 1188
880 124.0 121.6 119.5 117.7 116.3 115.3
900 122.6 120.1 117.9 1161 1147 1136
920 121.3 1186 | 1164 114.5 1130 1119 .

940 119.9 117.2 1148 1129 1114 102 | i
960 86 1157 113.3 111.3 109.7 108.5 107.8
980 172 1142 1117 1080 106.8 106.1 105.9

1000 1158 112.7 105.1 1044 104.2

1020 1145 1118 1034 102.7 102.5

1040 1131 109.8 101.0 100.8

1060 117 P 993 9.2 99.5
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TasrE 400. KCI-LiCl: Surface tension {dyn cm~')—Continued

Two-dimensional equation and statistical parameters

y=a-+4 bT 4 cC + dT? + eC? 4 fTC -+ gTC?

Max. Stand.
b+ 102 c+ 10 d - 108 e 103 fe10% g * 106 percent error
departure of est.
0.76%
177.43373 —5.43167 3.40743 —3.73703 —3.19922 —17.20291 5.57068 876.15K; 21.0 0.37%
mol % KCl

These values are based on the work of Nissen and Carlsten (maximum bubble pressure method) {230, 231]. C = mol % KCl.

TasiLe 401. KCI-LiCl: Surface tension (dyn em™?)

Mol percent LiCl

T 90 79 69 58 50 40 30 22 15 10
660 135.22
680 133.57
700 131.92
720 130.28
740 128.63
760 126.98
780 127.30 125.33 124.31
800 125.74 123.69 122.70
820 124.17 122.04 121.08
840 123.88 122.61 120.39 119.46
860 122.46 121.04 118,75 117.85
880 123.96 121.04 119.47 117.10 116.23 115.09
900 122.61 119.62 11545 114.61 113.40
920 121.26 118.20 113.81 113.00 1EL71 110.97
940 119.90 116.78 ' 111.38 110.02 109.23
960 118.56 115.36 109.77 108.33 107.49
980 117.20 113.94 108.15 106.64 105.75 106.40
1000 115.85 112.52 106.53 104.95 104.01 104.57
1020 114.50 111.10 104.92 103.25 102.28 102.73 102.95
1040 113.15 100.54 100.90 101.25 101.03
1060 111.80 98.80 99.07 99.56 99.37
1080 97.86 97.71
1100 © 96,16 - 96.04
Temperature-dependent equations at experimental compositions
y=a+bT
Mol % LiCl a b« 102 Stand. error of est.
10 187.4541 —8.30993 0.139
15 189.5651 —8.49146 0.086
22 196.2269 —9.16605 0.213
30 190.9364 —8.69217 0.240
40 189.4704 —8.45251 0.269
50 187.3435 —8.08096 0.245
58 189.5657 —8.23478 0.877
69 188.3650 —7.82852 0.280
79 183.5300 —7.10111 0.460
90 183.3852 —6.75324 0.236

These values are based on the work of Nissen and Carlsten (maximum bubble pressure method) {230, 2311
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KCl-MgCl.
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Ficure 69. Temperaturc-composition phase diagram for KCI-MgCla.

0. Menge, Z. Anorg.-Allg. Chem., 72, 162 (1911).

Melt Preparation and Purification

The methods of Huber et al. [30] for the preparation
of pure MgCl, and KCl are given under CaCl>-MgCl,
and CaCly-KCl, respectively.

Treadwell and Cohen [62] prepared pure MgCly by
reacting MgO with KCI.

Ukshe and Kachina-Pullo [96] used “chemically pure”
grade KCi and MgCly. The salts were dried by initially
heating with ammonium chloride followed by fusion in
a stream of dry argon. Prior to actual measurements argon
was bubbled through the melt for one hour.

Bathshov [114] used “chemically pure” salts and dehy-
drated the MgCl, by heating the MgCly-6H,0 and NH,CI
in a IICl atmosphere. Analysis of the MgCle indicated
approximately 0.2-0.3% MgO.

Sherbakov and Markov [113]" used “chemically pure”
KCl and MgCl, which were recrystallized twice and then
heated at 500 °C for 1-2 hours. Magnesium chloride was
dehydrated using NH.CI. Following each experiment the
melt was analyzed for MgClo; MgO content was found to
be less than 0.2%.

Sakai and Hayashi [117] used “high purity” MgCl,
(99.95% ; Nippon Sodo Co., Takaoka Corp.). Purification
involved the initial loading of the salt into a sample
reservoir of the conductance cell. The salt was covered
with a layer of diphenylamine and dry CO, was passed
over the salt for one hour. The diphenylamine was melted
1o cover the entire sample and then evaporated by evac-

1051

nating the cell for 30 minutes at 200 °C. After melting
the MgCla under chlarine gas, the salt was transferred to
the capillary compartment of the cell by proper tilting of
the heating furnace. No formation of the oxychloride was
detected in the above process. o

Lillebuen [130] and Grjotheim et al. [133] used
Baker “analytical reagent” grade KCl which was dried at
about 500 °C under moderate vacuum (0.1-0.01 Torr).
The preparation of pure MgCl; is described under the
system CaCly-MgCl..

Stromberg et al. [145] recrystallized KCl and MgCle-
6H.:0 several times from water and dehydrated the mixture
which contained NH,Cl.

Reding [150, 241] used Baker and Adamson “reagent
grade” KCI. The MgCl: was obtained from the core of
anhydrous magncsium chloride cakes purchased from
titanium and zirconium producers. The KClI was dried
under vacuum at 400 °C for 12 hours and MgCly was
dehydrated by heating for 12 hours at 200 °C followed
by further drying at 500 °C for 5 hours. Only MgCl»
containing <1% MgO and >99% MgCl, was used for
actual preparation.

Arndt and Kunze [153] wused pure salts without
further purification. When mixtures were melted, NH,Cl
was added to avoid decomposition of the MgCla.
However, some decomposition was still observed dur-
ing measurements. : .

Desyatnikov [245] used “chemically pure” KCl and
MgClo. The SO4*~ and Fe?* impurities in the salts did
not exceed 0.005%. The MgO comtent in the anhydrous
MgCl, was 0.2~0.4%. Dehydration of the MgCl, involved
passing a stream of dry HCI gas through the melt for 6-8
hours, after which CO, was bubbled through for 20—30
minutes to displace the HCL

TaBLE 402. Electrical conductance studies: KCI-MgCl.

Investigations critically re-examined

Ref. hl\gicéz Tem?ﬁange Comments
30 0-87.9 947-1236 | Cell material: silica; Pt

electrodes; freq. range: 1000
Hz; calibration: saturated NaCl

94* | 0-100 (g) 1073

96 0-100 1035-1170 | Cell material: quartz; Pt
clectrodes; freq. 1ange: 1000—
20,000 Hz; calibration: molten
XQl

102 | 19-75 (g) 973 Cell material: quartz; Pt

electrodes; calibration: molten

KNO; and NaNO;

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLe 402. Flectrical conductance studies: KCl-MgCl—Continucd

Investigations critically re-examined

Ref. I\]\,;I oglc’]%i Tern{),Tl)‘ange Comments

109 0,20, 40 Cell material: Al:O; tube in a
60,80,100] 986-1150 | quartz tube container; Pt
electrodes; freq. range: 2000-
20,000 Hz; calibration:
saturated NaCl solution and
1IN Kl solution

113 0-76.42 953-1093 | Cell material: quartz; Pt
electrodes; calibration: H.SO«
solutions

114 0-100 923-1123 | Cell material: Pt cylinder;
electrodes: Pt dish; calibra-
tion: molten NaCl

117 | 18.5-100 723-1023 i Cell material: quartz; Pt

. electrodes

145 0-100 773-1123 | Cell material: quartz;
calibration: molten CdCl.

153 50 843-1053 | Cell material: porcelain; Pt
electrodes

159 | vncapisture| 873-1072 | Cell material: quartz

(g)
216 0-100 (g) 1073

Comparisone with NSRDS recommendations:

[1, pp. 5, 6 and this volume]

Ref. ]1\\44oglc‘;€; Min, departure Max. departure
96 100 2.3% (1074K) 24% (1130K)
109 100 0.36% (1038K) 1.83% (1082 K)
114 100 —3.7% (1023K) —5.5% (1123K)
117 100 0.65% (1023 K) 0.81% (973K)
145 100 0.0% (1013K) —2.1% (1023 K)
109 100 —0.92% (1023 K)
114 100 46% (1023K)
145 100 —2.8% (1023K)
113 58.8 0.76% (1023 K) 1.7% (973K)
30 52 75% (973K}
145 52 042% (973X) 6.0% (823K)
109 40 0.23% (1023 K)
114 34 24.8% (923K) 27.1% (1023K)
30 18.5 134% (1023X)
30 0 0.21% (1126 K) —2.8% (1042 K)
% 0 0.0% (1170K) | —0.33% (1137K)
109 0 0.08% (1150 K) —0.59% (1124K)
113 0 —1.65% (1073K)
114 | 0 4.0% (1073K) 76% (1123K)
145 I 4] —0.40% (1123K) —1.2% (1073K)

*Data trom reference [{13].

Comments: Huber et al. [30] claim an accuracy of 0.5% in their
bridge measurements when calibrated against standard resistors and
report that routine accuracy was about 1%.

The conductivity cell used in reference [96] was constructed in
such a way as to reduce errors arising from electrical conductance
through the quartz walls of the vessel. Resistance measurements in
the frequency range 3000 te 15,000 cps varied by about 1-1.5%.

Comments concerning reference [109] are given under the CaCls-
KC] system. )
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Tasre 403. KC1-MgCl.: Specific conductance (ohm~™1 ¢m™12)
Mol percent MgCl.
T ‘ 100.0 84.0 72.1 58.8 32.0 48.8 45.5 39.9 37.0 34.0 31.8 24.5 22.0 18.5
830 [ 0.885 0.856 0.889 0.890 0.871 0.866 0.862 0.871 0.866 0.847
840 ‘ 0907 | 0.883 | 0.910 0912 | 0894 | 0.890 | 0.887 | 0.896 0.897 | 0.883
850 0929 | 0.910 | 0.932 | 093¢ | 0917 | 0.914 | 0.911 0.920 | 0.927 0.918
860 0.951 | 0.937 0.954 | 0956 | 0.940 0.938 | 0935 0.945 0957 | 0952 i
870 0.973 | 0964 | 0975 0.977 | 0963 | 0.962 | 0.959 0.969 0.986 | 0.985 -
880 0.981 0.995 1 0.990 0.997 | 0999 | 0986 | 0.986 | 0.984 | 0.993 1.015 1.018 | 1.027
890 - 1.001 1.017 1.015 1.019 1.021 1.009 1.010 1.008 1018 1.043 1.049 1.064
900 . 1.021 1.039 | 1.040 1.040 1.043 | 1.032 1.034 | 1.032 1.042 1.071 1.080 1.099
910 | 1.041 .| 1.061 1.065 1.662 1.065 1.055 1.058 | 1.057 1.066 1.098 1.110 1.132
920 ! 1.062 | 1.082 1.089 1.083 1.087 1.079 1.082 | 1.081 1.090 1.125 1.139 1.165
930 i [1.035] | 1.082 | 1104 | 1.113 1.105 1.109 1.102 1.106 | 1.105 1.114 1151 1167 1.105
940 [1.054] | 1.103 | 1.126 | 1.137 1.127 1.130 1.125 1.130 | 1.130 1.138 1177 1.194 1.225
950 [1.073] | 1.3123 | 1.148 | 1.160 1.148 1.152 1149 | 1.154 | 1.15¢ 1.162 1.203 1.220 1.253
960 [1.092] | 1.144 | 1169 | 1.182 1.170 11714 1172 1178 | 1178 1.186 1.228 1.246 1.280
970 {1112] | 1364 | 1191 | 1.204 | 1.191 1.196 1.196 1.202 | 1.203 1.210 1.252 1.270 1.305
980 [1.0071-| [1.131] | 1.185 | 1.213 | 1.226 | 1.213 | 1.218 1.219 1226 | 1227 1.234 1.276 1.294 1.329
990 [1.026] | [1.151] | 1.206 | 1.234 | 1.247 1.235 1.240 1.243 1.250 | 1252 1.257 1.300 1.317 1.351
1000 [1.045] | [1.172] | 1.226 | 1.256 | 1.268 1.256 1.261 1.266 1274 | 1276 1.281 1.323 1.338 1.372
1010 [1.065] | [1.192] | 1.247 1.278 | 1.288 1278 | 1.283 | 1.290 1.298 | 1.301 1304 | 1.346 1.359 1.392
1020 1Lo84f | 11.212] 1.268 1.299 1.308 1.299 1.305 1.314 1.322 ; 1.325 1.328 1.368 1.380 1.410
Temperature-dependent equations
k=a-+ bT + cT*
Mol 9% MgClL) a & - 10 ¢ - 108 Stand. error of est.
185 —7.6274 15.9584 —6.9587 0.04%
22,0 -—5.2200 10.9753 —4.4169 0.08%
245 —3.2951 6.9439 —2.3255 0.58%
318 —1.3943 -2.9933 —0.3181 0.10%
34.0 —1.0872 2.2795 0.0837 0.04%
374 —1.1279 2.4020 0 0.05%
39.9 —0.8689 1.9071 0.2279 0.14%
45.5 —0.9227 2.1840 0 0.48%
48.8 —0.9039 2.1600 0 0.21%
52.0 —2.9434 6.3630 —2.1518 0.70%
58.8 —1.0490 2.4504 —0.1454 0.06%
72.1 ---0.5571 1.4860 0.2974 0.07%
84.0 [0.1479} [0.0236] [1.0000] 0.00%
100.0 [—0.8745] [1.9200] 0 0.00%

These values are based on the work of Sakai and Hayashi (classical ac technique) [117].
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1054
TasLe 404, Density studies: KCI-MgCl
Investigations critically re-examined
MgCi. |Temp. range
Ref. Mol % ![ { ‘ Comments
30 0-100 973-1193 | Cell material: solid and hollow
fused silica balls (containing
tungsten powder) ; calibration:
waier
39 |19.15-70.31 | 773-1023 | Cell material: Pt sphere
62 0-100 823-1073 | Cell material: quariz hob,
Supremax glass tube
102 l 0-100 (g) 973 Cell material: Supremax glass
dilatometer; calibration:
cutectic mixture of KCI and
1iCl
130 0-100 1017-1174 | Cell material: Pt-10%Rh
) sinker and suspension wire;
calibration: water
133 0-100" 973 Cell material and calibration:
as for 130
145 0-87.4 923-1073 | Cell material: Pt sphere;
calibration: water
150 0-100 1073 Cell material: tungsten sinker
and Pt suspeusivn wiie;
calibration: CCl; and water
153 50 845-1053 { Cell material: Pt bob, Pt
crucible
211, 0-100 810-1333
267
Comparisons with NSRDS recommendations:
1L pp. 5, 6 and this volume]
Ref, | MeCle Min, depart Max. depart
! Mol % . departure ax. departure
30 | 100 0.49% (1140 K) 0.80% (1160 K}
62 100 - 018% (998K) —0.30% (1073 K)
130 100 0.30% (1017K) 0.50% (1099 K)
133 100 0.50% (1073 K)
150 100 0.85% (1073K)
30 100 0.12% (1073K) 0.18% (1048 K)
62 100 —0.78% (1073 K)
150 100 0.24% (1073K)
150 53.5 —0.82% (1073K)
62 49.7 —1.0% (1073K)
62 422 —13% (1073K)
62 25.0 —0.73% (1073K)
30 0 —0.86% (1073K)
62 0 —1.4% (1073K)
145 0 —20% (1073K)
150 0 —0.07% (1073K)
30 0 —0.49% (1198K) | —0.55% (1156 K)
62 U —L1% (1073K)
130 0 0.20% (1123K) 0.33% (1073K)
133 0 0.33% (1073K)
145 0 —1.6% (1023K) —17% (1073K)
150 0 0.26% (1073K)

*Graphical except for pure components.
Comments: A brief discussion of some pertinent experimental
aspects in references [130] and [133] is given under the system LiCl-

MgC’h.

4. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

Karpachev and Stromberg [39] analyzed their mixtures after
density measurements and found water and MgO contents in the
range 0.1-4.24 wt % and 0.13-0.54 wt %, respectively.

Redding [150] corrected for the effect of surface tension of the
melt on the weight of the platinum sinker and attempted to avoid
salt condensation on the suspension wire by passing Ar through a
guide tube surrounding the Pt wire. The Ar gas was purified by
passing it through a bed of Ti sponge maintained at 1400 °F.
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TasLe 405. KCl-MgCle: Density (g em™3)
Mol percent MgCl.
T 100.0 90.0 774 675 | 66.3 61.7 53.5 50.3 42.2 32.8 25.0 AL 120 6.6 0.0
1020 | 1674 - !
1030 1.671 1.567 1.530
1040 1.668 1.562 1.525
1050 | 1.666 1.625 1556 | 1.521 | 1.520 1.525
1060 | 1.663 | 1667 | 1.652 | 1.621 1620 | 1603 | 1.585 1550 | 1516 | 1515 1519
1070 | 1660 | 1.663 | 1.647 | 1.615 | 1.615 | 1.597 | 1.580 | 1545 | 1.512 | 1510 1.513
1080 1.658 1.659 1.642 1.600 1.609 1.592 1674 | 1.557 1.53% 1.507 1.504 1.501 1.507 1.511
1090 | 1.655 | 1.655 | 1.636 | 1.603 1.604 | 1.586 | 1.568 | 1.552 [ 1.53¢ | 1.503 | 1.499 | 1495 | 1.502 | 1.505
1100 1.651 1.631 1.597 1.599 | 1.580 | 1.562 | 1547 | 1.528 | 1.498 | 1.494 | 1.489 | 1496 | 1499
1110 1647 | 1625 | 1.591 1594 | 1575 1557 | 1.542 | 1.523 | 1493 | 1488 | 1483 | 1490 | 1492
1120 1.620 1.585 1.589 1.569 1.551 1.537 1.517 1489 { 1.483 1477 1.4841 1,486
1130 1615 | 1579 1564 | 1545 | 1532 | 1.512 | 1484 1471 | 1478
1140 1.573 1.558 1.527 1.506 1.480 1.465 1472
1150 1.567 1522 1.475
1160 | 1.561 1516
1170 1.511
Temperature-dependent equations
p=a+ bT
Mol % MgCl. a b+ 10 Stand. error of est.
0.0 2.1819 —6.2126 0.01%
6.6 2.1380 —5.8395 0.04%
12.0 2.1561 —6.0618 0.04%
25.0 2.0796 —5.3272 0.02%
32.8 2.0007 —4.5709 0.03%
422 2.1387 - —5.5501 0.02%
50.3 2.0998 —5.0287 0.05%
53.5 2.1900 —5.7054 -0.05%
61.7 2.1923 —5.5627 0.01%
66.3 2.1587 - —5.0863 0.04%
67.5 2.2582 —6.0077 0.02%
774 2.2238 —5.3922 0.01%
90.0 2.0844 ~—3.9367 0.01%
100.0 1.9497 —2.7050 0.03%

These values are based on the work of Lillebuen (Archimedean methed) [130].

TabLs 406. Viscosity studies: KCl-MgCla

TABLE 406. Viscosity studies: KCJ-MgCl-—Continued

Investigations critically re-examined

. I
Ref. %ﬂglcé: Tcm?:rr)angc Comments
39 | 11.19-56.60 773-1023 | Cell material: Pt sphere;
. calibration: molten KNQ,,
Pbclz, K'.'Cl'207
41 8.00 1002-1125 | Cell material: Pt ball
45 | 25-58 (g) 823-923
66 0-100 891-1189 | Cell material: Pt ball;
calibration: water, nitroben-
zene, aniline, molten NalNQO.
and KCI1
207 [ 11.19-56.60 | 773-1023 | Cell material and calibration:
as for 39
216 | 0-100 (g) 1073
226 0-100 914-1205

Comparison with NSRDS recommendations:
[1, p. 5 and this volume]

Ref. _\1}!&017;‘] ’ Min. departure Max, departure
66 0 1.0% (1113K) 11.49% (1151K)
39 34.4 —4.8% (923K)

207 34.4 —4,8% (923K)

226 0 92% (1129K) 13.1% (1150K)

226 100 . 129.1% (1125K) }

226 49.02 77.8% (1125K) 1181% (1040K)

Comment: Bondarenko [66] reported a precision of +3% in the
viscosity of salt mixtures in the temperature range 700-200 °C,

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TaeLe 407. KCI-MgCla: Viscosity {cp)
Mol % MgCle

T 100 54.0 499 439 34.3 324 25.1 16.4 8.0 0
900 ) 1.65 1.70 1.48
910 1.60 153 1.67 1.44
920 1.55 149 1.64 140
930 1.50 146 1.61 1.36
940 1.45 142 1.58 . L33
950 141 1.38 1.54 1.30
960 1.36 1.35 1.51 1.26 1.31
970 140 1.32 1.32 1.48 1.23 1.28
980 1.37 [1.36] 1.29 1.28 144 1.20 1.24
990 1.35 [1.33] 1.25 1.25 1.40 1.18 1.21
1000 1.32 {1.29] 1.22 1.23 1.36 1.15 1.18
1010 215 1.29 [1.26] 1.18 1.20 1.32 1.12 115
1020 2.09 1.27 [1.24] L.15 1.17 1.28 1.10 L1z
1030 2.04 1.24 [1.22] 112 1.15 1.24 1.08 1.09 1.18 :
1040 . 198 1.22 [1.201 1.09 1.32 1.05 1.07 1.13
1050 193 1.20 [1.18] 1.07 1.10 1.03 1.04 1.09
1060 1.89 1.18 {1.16] 1.08 101 1.02 1.05
1070 1.84 [1.141 1.06 0.99 1.01 1.01 114
1080 . 1719 [1.12] 1.04 0.97 0.99 0.98 111
1090 1.75 [1.11] 1.03 0.97 0.95 1.08
1100 171 11.09] | 0.96 0.93 1.05
1110 1.67 [1.07] 0.95 0.92 1.02
1120 1.63 [1.05] 0.91 1.00
1130 1.60 [1.03] . 0.90 0.97
11490 156 11.011 i 0.90 0,05
1150 [0.98] 0.90 0.92
1160 0.91 0.90
1170 0.93 0.88
1180 045 0.85
Temperature-dependent equations
p—=a-4 6T 4 cT? 4 dT?
n=4A + exp (E/RT)
Mol % MgCl: I3 b+ 10 ¢ * 10° ! d -+ 10° A+ 10° E (cal mol™*) | Stand. error of est.
4} 5.315 6522 5.75%
8.0 22,7430 —2.8083 —0.1331 8.0324 ‘ 2.81%
16.4 8.0331 - 0.5430 —0.6629 5.2014 1.25%
25.1 11.894 4508 3.57%
32.4 9.3463 —2.2533 2.5006 —10.4550 2.06%
34.3 12.0513 —2.0180 1.0689 —1.3348 0.38%
43.9 7.757 5469 247%
49.9 [94.1729] [—25.5548] [23.5470] [—72.8022}
54.0 17.399 4025 4.36%
100 13.173 5605 1.33%

These values are based on the work of Bondarenke (oscillating sphere method) [66].

J. Phys. Chem. Ref. Data, Vol. 4, Nc. 4, 1975
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TABLE 408, . Surface tension studies: KCl-MgCl:

Investigations critically re-examined

MgCl: | Temp. range
Ref. “Mol % ) Comments

241 0-100 1023-1198 | Cell material: Pt-10%Rh
capillary and graphite
crucible; calibration: diameter
of capillary measured with
microscope

245 0-100 973-1223 | Cell material: Pt capillary and
' quartz beaker containing melt;
calibration: diameter of
capillary measmed with
microscope, water, alcohol

246 | 0-90.3 (2) 998-1098

253 0-100 1002—-1169 | Cell material: density sinker
and rod for surface tension
measurements was made from
Pt-10%Rh alloy; calibration:

mcasurcments on purc salts
226 0-100 820-1283

Comparison with NSRDS recommendation:
[2, pp- 58, 59 and this valime]

Ref. 1{‘{4&(:;’; Min, departure Max. departure
241 100 7.9% (1193K) 9.0% (1033K)
233 100 —5.9% (800K} ~—6.7% (729K}
241 90 13.3% {(1173K) 142% (1023K)
253 80 —15% (1065K) —2.0% (1123K)
253 60 0.53% (1063K) 22% (1129K)
241 50 32% (11713K) 5.5% (1023K)
253 40 —0.25% (1033K) —21% (1142K)
253 30 0.85% (1059 K) —0.89% (1125K)
241 10 4.7% (1173K) 7.6% (1023 K)
241 0 2.3% (1073K)

245 0 —25% (1223K) —2.6% (1073K)
253 0 —1.7% (1089K) —18% (1112K)

Comment: Desynatnikov {245] reported that his surface tension
measurements were reproducible to an accuracy of 0.8%. Results on
the pure salts agreed with literature values obtained by other
methods, Values for pure MgCls were those recommended in
NSRDS-NBS-28 {2].

Lillebuen [253] reports a reproducibility for surface tension
measurements of #=1%.

Taere 400. KC1-MgCl.: Surface tension (dyn em™1)

Mol % MgCl,
T 100 90 80 70 60 50 IR 20 10 0
080 70.6 74.2 7.2 79.1 809 - 82.1 j 86.0 909
990 704 74.0 76.8 78.7 80.4 817 85.5 90.3
1000 66.7 702 73.7 %5 | 183 80.0 81.3 85.0 89.7
1010 66:6 70.0 73.4 762 779 | 196 809 845 89.1
1020 665 60.8 73.2 75.8 77.5 79.1 80.5 84.0 88.5 93.1
1030 66.4 69.6 729 755 712 787 80.2 83.6 88.0 92.4
1040 66.3 69.4 72.6 75.2 76.8 783 79.8 831 | 874 91.8
1050 66.2 69.2 72.4 74.9 764 719 794 826 86.8 911
1060 66.1 68.9 721 745 . 76.0 774 79.0 821 86.2 90.4
1070 66.0 68.7 71.8 4.9 756 770 786 816 85.6 89.8
1080 659 68.5 715 739 75.3 76.6 78.3 812 85.1 89.1 95.80
1090 65.8 68.3 713 735 74.9 761 779 80.7 845 885 95,05
1100 65.7 68.1 710 732 745 757 715 209 230 27.8 04.30
1110 656 61 0.7 29 | 74l 75.3 771 79.7 83.3 871 9355

J. Phys. Chem. Ref. Data, Vol. 4, No..4, 1975
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TapLe 409. KCJ-MgCle: Surface tension (dyn em™!) —Contirued

Mol % MgCls

T 100 90 80 70 60 50 40 30 20 10 Q
1120 65.5 67.7 70.5 72.5 73.7 74.8 76.7 79.2 82.7 86.5 92.80.
1130 65.4 675 70.2 72.2 734 74.4 76.4 78.8 82.2 85.8 92,05
1140 65.3 67.3 69.9 719 73.0 74.0 76.0 78.3 81.6 85.2 91.30
1150 65.2 67.1 69.7 71.6 72.6 73.6 75.6 77.8 81.0 84.5 90.55
1160 65.1 66.8 69.4 7.2 722 731 752 713 80.4 83.8 89.80
1170 05.0 66.6 69.1 70.9 71.8 727 74.8 76.8 79.8 832 89.05
1180 64.9 88.30
1190 87.55
1200 86.80
1210 86.05
1220 { 85.20

Temperature-dependent equations
y=a-+bT
Mol % MgCl. a b 102
0 176.8 —7.5
10 160.4 —6.6
20 147.7 —5.8
30 133.0 —4.8
40 119.3 —3.8
50 123.0 —4.3
60 116.3 ~3.8
70 109.5 —3.3
80 100.7 —2.7
90 91.2 —2.1
100 76.7 ~1.0

These values are based on the work of Desyatnikov (maximum bubble pressure method) [2451.

KCI-MnCl.
800 | l
KCl — MnCl,
700}
o
< 650
2
5 600
g
5
[Nt
500}
7N
400 | :
0 . 20 40 60 80 100
MnCl _ KCl
Mol % KCi

Ficure 70. Temperature-composition phase diagram for KCI-MnCl..

E. R. Natslishuili and A. G. Bergman, Zhur. Obshchei.
Khim., 9, 642 (1939).
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Melt Preparation and Purification

Murgulescu and Zuca [72] used pure salts without
further purification. Analysis for manganese and chloride
were performed using the volumeltric and Volhard methods
respectively. The salts were stored in a desiccator over
concentrated sulfuric acid.

TasLE 410. Electrical conductance studies: KCI-MnCls

Investigations critically re-examined

MnCl. ! Temp. range
(T

Ref. Mol % | Comments
72 0-100 773-1123

Cell material: quartz vessel; Pt
electrodes; freq. range: 1000—
7000 Hz; calibration: 0.1M

and 1.0M Xl solutions

Deviations from previous NSRDS recommendations: [1, p. 51

Ref. ,efﬁc,;,u Min, departure Max. departure
72 Q 0.04% (1123K) 0.09% (1073 K)

Comment: Values for the conductance of pure MnCl: reported by
Murgulescu and Zuca [72] were recommended ir NSRDS-NBS-15

[11.
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TaBLe 411. KCI-MnCl:: Specific conductance ‘(ohm‘1 cm™1)

Mol percent MnCl.

T 00 1 80 70 65 55 50 45 - 35 30 25 20 0
780 i 0.92 0.94 0.87 0.82 0.86 0.89

800 ; 0.98 0.99 0.92 0.88 091 0.95

820 1.04 1.03 0.97 0.93 097 | 100

840 1.09 1.09 1.08 1.02 0.98 1.02 1.06 1.09

860 115 114 113 1.07 1.03 1.07 111 115 !

880 | 122 1.20 1.20 117 111 1.08 112 115 1.20

900 | 127 1.25 1.24 121 1.16 113 117 1.20 125

920 ) 120 1.20 1.25 1.90 118 191 195 130

940 | 1.504 1.37 135 1.34 1.30 1.24 122 1.26 1.29 13 ¢ 130

960 .| 1.536 142 140 1.38 1.33 1.29 1.26 1.30 1.34 1.39 1.35

980 | 1.568 146 144 142 1.37 1.32 1.30 1.34 1.38 144 141

1000 | 1.602 150 148 146 141 1.36 1.34 138 1.42 148 146

1020 | 1.637 155 152 1.50 144 | 140 1.38 142 1.46 1.52 151

1040 | 1674 1.59 156 1.54 147 1.44 142 1.46 1.50 156 157

1060 | L7312 | 163 1.59 157 151 147 145 149 154 1.60 1.62

1080 | 1.752 1.66 1.63 1.61 154 150 148 153 1.57 1.64 1.68 [2.254]
1100 | 1.793 1.70 1.66 1.64 157 1.54 1.52 1.56 1.61 1.67 173 | [2.303]
1120 | 1.835 1.73 1.69 1.67 159 .| 157 1.55 1.59 1.64 171 1.78 [2.351]

Temperature-dependent equations
w=a-} BT 4cT?

Mol % MnCl. e b« 103 ¢+ 108 Stand. error of est.

0 [—0.3591] [2.4200] (W 0.00%
20 —1.2134 . 26740 0 1.38%
25 —2.4456 5.7267 —1.8027 0.39%
30 —2.2945 5.4090 —1.6923 0.74%
35 —2.4924 5.7863 —1.9113 0.54%
45 —2.5998 5.9536 —2,0113 0.41%
50 —2.1120 5.0603 _ —1.5851 0.39%
55 ' —2.0710 5.1917 —1.7136 0.33%
65 —2.7158 6.3009 —2.2113 0.57%
70 i —3.0991 7.1222 —2.5406 0.44%
80 H —2.5122 5.8926 —1.8757 0.36%
100 1.5853 —1.6987 1.7155 0.05%

These values are based on the work of Murgulescu and Zuca (classical ac technique) [72].

TaBrLE 412. Density studies: KCl-MnCl.

Investigations critically re-examined

Ref. II\,\;[(BC‘;: Tem}:,Tr)ange Cell material Calibration
72 0-100 773-1123 Pt bob Water

- Deviations from previous NSRDS recommendations: {1, p. 5]

Ref. %&C‘;g ] Min, departure Max. departure
72 0 0.07% (1123K) 0.13% (1073K)

Comment: Density values for pure MnCl; reported by Murgulescu
and Zuca [72] were those recommended in NSRDS-NBS-15 [1].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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Tasre 413. KCLMnCl.: Density (g.cm™3)

Mol percent MnCl:

T 100 80 70 65 55 50 i 45 35 30 25 20 0
780 2.206 2.106 2059 | 2.009 1.939 1.894
800 2.196 2.095 2.048 1.998 1.927 1.882
820 2.185 2.084 2.037 1.987 1.914 1.870
840 2.216 2.174 2.073 2.026 1.975 1.902 1.857 1815
860 2.206 2.164 2.061 2,015 1.964 1.88% 1.845 1.803
880 2.333 2.197 2.153 2.050 2.004 1.953 1.876 1.833 1.790
900 2.320 2.188 2.143 2.039 1.993 1.942 1.864 1.820 1.777
920 2.807 2.179 2,132 2.027 1.982 1.931 1.851 1.808 1,764
940 2.346 2.295 2.169 2122 2.016 1.971 1.919 1.839 1.796 1.751 1.725
960 2.337 2.282 2.160 2111 2.005 1.960 1.908 1.826 1.784 1.738 1.712
980 2.328 2.270 2.151 2.100 1.994 1.949 1.897 1.813 1.771 1.726 1.699
1000 2.319 2.257 2.142 2.090 1.982 1.938 1.886 1.801 1.759 1.713 1.685
1020 2,311 2.245 2.132 2.079 1.971 1.927 1.875 1.788 1.747 1.700 1.672
1040 2.302 2.232 2.123 2.069 1.960 1.916 1.863 1.776 1.735 1.687 1.659
1060 | 2.293 2.220 2.114 2.058 1.948 1.905 1.852 1.763 1.722 1.674 1.646
1080 \ 2.284 2.207 2.105 2.048 1.937 1.8%4 1.841 1.750 1.710 1.662 1.633 [1.508]
1100 | 2.276 2.195 2.095 2.037 1.926 1.883 1.830 1.738 1.698 1.649 1.620 [1.495]
1120 l 2.267 2.182 2.086 2027 1.915 1.872 1.819 1.725 1.686 1.636 1.607 [1.4821
Temperature-dependent equations
p=a- 6T
Mol % MnCle a b 103 Stand. error of est.
¢ {2.1988] [—0.64001
20 2.3414 —0.6560 0.02%
25 2.3542 —0.6414 0.18%
30 2.3727 —0.6136 0.07%
35 2.4305 —0.6298 0.04%
45 94457 —0.5600 017%
50 2.4889 —0.5507 0.11%
55 2.5466 —0.5643 0.06%
65 2.6180 —0.5281 0.01%
70 2.6045 —0.4629 0.05%
86 2.8831 —0.6257 0.02%
100 2.7574 —0.4380 0.02%

These values are based on the work of Murgulescu and Zuca (Archimedean method) [72].
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Ficure 71, Temperature-composition phase diagram for KCi-NaCl.

E. Scheil and H. Stadelmaien, Z. Metallkd., 43, 227
(1952).

Melt Preparation and Purification

Van Artsdalen” and Yaffe’s [37] procedure for salt
purification is discussed under the KCI-LiCl system,

Barzakovskii [24] used “chemically pure” salts which
were heated in a porcelain crucible under a dry atmosphere
of HCI for 2-3 hours.

Markova and Sherbakov [113] used “chemically pure”
salts, recrystallized twice from water and heated to a
temperature of 500 °C for 1-2 hours. :

Murgulescu and Zuca [53] dried Merck “reagent
grade” salts by heating at 150°C followed by melting in
an atmosphere of dry HCL

Reagent grade alkali metal halide salts used by Ellis
[78, 143] were dried at 200 °C overnight. Mixtures were
prepared by combining the dry salts, in the proper molar
ratio, and mixing them in a ball mill for about 16 hours.

“Chemically pure” salts were used by Maurit [95]
and were dehydrated in a current of dry HC gas.

1061

The preparation of pure NaCl and KCI by Sakai and
Suzuki [127] is discussed under the system KCI-LiCl.

Desynatnikov [245] used “chemically pure” salts which
were dried by passing a stream of dry HCl gas through
the meft for 6—8 hours and then bubbling CO; for 20-30
winutes to displace the HCI.

Taere 414, Elcetrical conductance studies; KCI-NaCl

Investigations critically examined

NaCl Temp. range
Ref. Mol % (7 Comments
5 1 0,50,100 | 1073-1223 | Cell material: porcelain tube;
Pt eiectrodes; calibration: 1IN
i KClI solution
12 0-100 : 123 Cell material: silica and
! quartz U-tube; Pt electrodes;
: calibration: IN KCI solution
21 20, 50, 933-1033 | Cell materiai: quartz vesscl or
80, 90 Pt crucible for corrosive
melts; Pt electrodes; freq.
range: ~6000 Hz; calibration:
culfuric acid solution, saturated
Na(l solution and molten
KNO: -

24 0-100 1123 Cell material: quartz vessel; Pt
electrodes; freq. range:
~20-2000 Hz; calibration:

| KCI solutions
37 . o0-1on 0361204 | Cell material: quartz dip type
- capillary cell; Pt electrodes; .
© freq. range: 2000-20,000 Hz;
calibration: 1 demal KCl
solution

60 | 0-100 (2)

65 0-100 1033-1153 | Cell material: alumina U-tube;
Pt electrodes; freq. range:
~800 Hz; calibration: molten
KCl1

97" 0-100 9361294

102 [ 34-72 (p) 973

113 0-100 953~1093 | Cell material: quartz vessel; Pt
electrodes; calibration: sulfuric
acid solutions

114 0,20, 50 10731173 | Cell material: Pt cylinder; Pt

80, 100 disc electrodes; calibration:

moelten KC1

127 50 (g) 923~1023 | Cell material: Vycor glass; Pt
disc electrodes; freq. range:
1000 Hz

160" | 0-100 (g) 1123

161 | 8oig) | 1073-1173

192 50 (g) 950-1090

205 | ~25-65 (g) 1023

208 ; Cell material: quartz vessel;

It clectrudes; calibration:

molten KCl1
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TapLe 414. Electrical conductance studies: KCl-NaCl—Continued
Comparison with NSRDS recommendations:
[1, pp. 4, 5 and this volume} .
Ref. NaCl Min. departure | Max. departure
: Mol %
5 100 —4.7% (1223K) —6.2% (1123K)
1z 100 —3.0% (1223 K) ~4.2% (1123 K)
24 100 ~ 0.0% (1073K) —34% (1273K)
65 100 —1.6% (1113K) —2.1% (1153 K)
113 100 1.9% (1123K)
114 100 —2.6% (1173K) —4.3% (1123 K)
21 20.04 12.5% (1063 K) 16.4% (1088 K)
65 20.04 0.41% (1113K)
5 0 —22% (1073K) —2.5% (1123K)
12 0 2.7% (1173 K) 3.4% (1073 K)
24 9 25% (1123 K)
114 0 4.0% (1073K) 7.6% (1123K}
113 0 —1.6% (1073K)
"Data in references [97] and [160] were from [37] and [12],
respectively.
¥No data reported.
Comments: Van Artsdalen and Yaffe [37] report experimental
specific conductivity values as well as equations of the form:
k=a -+ bt + c* with standard deviations in the range 2 X 1073
ohm=! cm™ (5123 and 84.77 mol % NaCl) to 6 X 10~% ohm™!
cm™t (100 mol % NaCl). ’
TaBLe 415. KCI-NaCl: Specific conductance (ohm™! em™1)
Mol percent NaCl
T 100.00. 84.77 72.94 65.15 51.23 41.00 20.40 0.00
940 2231
950 i 2.265
960 X 2.290 2,162
970 2,518 2.331 2.200
930 2.552 2.363 2.237
990 2.586 2.395 2273
1000 2.736 2.620 2.426 2.309
1010 2.770 2.652 2457 2.343 2.169
1020 2.804 2.685 2.487 2.376 2.196
1030 2.837 2.717 2.517 2.408 2.223
1040 3.125 2.870 2.748 2.546 2.439 2.250
1050 3.154 2.901 2.779 2.575 2.469 2.276
1060 3.184 2.933 2.809 2.603 2.498 2.302 2.197
1070 3.214 2.963 2.839 2.630 2.526 2.327 2.225
1080 3.599 3.243 2.993 2.869 2.657 2.553 2.352 2.252
1090 3.631 3.272 3.022 2.898 2.684 2.579 2.377 2.279
1000 3.662 3.300 3.051 2.926 2.710 2.604 2401 2.304
1110 3.693 3.329 3.079 2.954 2.735 2.628 2424 2.329
1120 3.724 3.357 3.106 2.981 i 2.760 2.651 2447 2.333
1130 3.754 3.385 3.133 3.008 2.784 2.673 2.470 2.376
1140 3.783 3412 3.158 3.035 2.808 2.694 2.492 2.398
1150 3.813 3.440 3.184 3.061 2.831 2.714 2514 2.420
1160 3.842 3.467 3.208 3.086 2.854 2.732 2.535 2.440
1170 3.870 3.494 3.232 3.111 2.876 2.750 2.556 2460
1180 3.898 3.520 3.255 3.136 2.898 2,767 2.576 2479
1190 3.926 3.547 3.278 3.159 2.596 2497
1200 3.953 3.573 3.300 3.183 2.615
1210 3.980 3.206
1220 4.006
1230 4.032
1240 4.058
1250 4.083
1260 4.107
2 | 4132
1280 © 4155
1290 ,{ 4.179
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Tabre 415. KCI-NaCl: Specific conductance (ohm™! ¢cm™!) —Continued

Temperature-dependent equations
“k=a-bT+ T2

Mol % NaCl i a b« 102 c e« 10° Stand. error of est.
0.00 —5.5231 11714 —0.4180 0.19%
20.40 —2.9567 0.7368 —0.2270 0.29%
41.00 —6.3093 1.3765 —0.5147 0.229
51.23 —3.3119 0.8380 —0.2641 0.40%
65.15 —3.1690 0.8265 . —0.2477 0.19%
72.04 —4.0668 1.0120 i —0.3317 0.50%
84.77 —1.3797 0.5656 - —0.1274 0.24%
100.00 —2.3356 0.7783 —0.2118 0.22%
These values are based on the work of Van Artsdalen and Yaffe (classical ac technique) [37].
TaBLE 416. Density studies: KCl-NaCl
Investigations criticaliy re-examined
: Na(Cl Temp. range
Ref. Mol % T ) Commemsv
12 0-100 1123,1173 | Cell material: Pt cylinder, Pt
suspension wire
24 0-100 1073,1173
37 | 0-100 943-1300 | Cell material: Pt bob, P+-Rh
suspension wire
78 0-77.5 1059-3330 | Cell material: Pt bob, Pt chain
87 | 0-100 (g) 1073 Cell material: Pt sphere, Pt
suspension wire; calibration:
) water
89 0-100° 1073,1173 | Cell material: Pt sphere
95 0,13.7,100°| 1048-1213 | Cell material: Pt hollow
cylinder, Pt suspension wire;
calibration: water
215 0-100 (g) 1063
267, 0-100 930-1130
211
328 30-60 (g) 1073
Deviations from previous NSRDS recommendations: {1, pp. 4, 5]
Ref, hI/I\I(SC‘}lb Min. departure Max. departure
12 100 —1.1% (1123X)
24 100 —0.33% (1173K) —17% (1273K}
89 100 —2.9% (1080 K) —3.6% (1180K)
12 0 —0.99% (1073K) —1.2% (1173K}
24 0 —0.33% (1173K) —1.7% (1273K)
89 0 —0.13% (1080K) —0.27% (1160 K)
"Graphical except {or pure components.
Comments: Van Artedalen and Yaffe [37] report expcrimental
density data together with linear temperature dependent equations
with standard deviations in the range: 1 X 10™% g cm™3 (51.23
mol % NaCl) to 7 X 1072 g em™2 (100 mol 9% NaCl).
TasLe 417. KCI-NaCl: Density (g cm™3)
Mol percent NaCl
T 100 90 80 70 60 50 0 30 20 o [ o 50
960 : 1.588 1.583 i 1.588
970 ! 1.587 1.582 1.578 1.574 1.582
980 . 1.582 1576 1.572 1.568 . i 1.576
990 1.582 | 1.576 1.571 1.566 1.563 1.560 I 1.571

J. Phys, Chem. Ref. Data, Vol. 4, No. 4, 1975
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Tai i Density (g em™*)—Continued
Mol percent NaCl
7 108 90 80 70 60 56 40 30 20 Ry 50
1000 1.57¢ 1.570 1.565 1.560 1,557 1.554 1.565
1010 1.871 1.565 1.559 1.555 1.551 1.549 1.55%
1020 1.565 1.559 1.554 1.549 1.345 1.543 1.542 1.554
1030 1.560 1.554 1.548 1.543 1.540 1.537 1.536 1.548
1040 1.554 1.548 1.542 1.538 1.534 1.531 1.53¢ 1.542
1050 1.349 1.542 1.537 1.532 1.528 1.526 1.524 1.537
1060 1.545 1.537 1.531 1.526 1.522 1.520 1.518 1.531
1070 ) 1.537 1.531 1.523 1.520 1517 1514 1.313 1.525
1080 546 1.532 1.525 1.520 1.515 1511 1.508 1,507 1.528
1090 541 1.526 1.520 1.514 1.509 1.505 1.502 1,501 1.514
1100 535 1521 1514 1.508 1.503 1.499 1.497 1.495 1.508
1110 .530 1.515 1.50¢ 1.583 1.498 1.494 1.491 1.489 1.503
1120 1.532 1.524 1.510 1.503 1.497 1.452 1.488 1.485 1.484 1.497
1130 1.526 1.519 1.504 1497 1.491 1.486 1.482 1479 1.478 1461
1140 1.521 3 1.408 1.402 1.486 1481 ¢ 1477 1.474 1472 1.486
1150 1515 a 1.463 1.486 1.480 1475 ! 1471 1.468 1.466 1.48¢
1160 1.510 2 1.487 1.481 7 1463 ' 1465 1462 1461
1170 1.504 7 1.482 1.478 1,269 1464 1.460 1.456 1.455
1180 1,496 1 1.454 1.451 1448
1190 1.493 80 1.445 1.443
1200 1.483 A80 1.439 1.438
1220 1477
1240 1.466
1260 1.4
1280 1
1300
Two-dimensional equation and statistical parameters
o=a—+ 6T 4+ cC3 L dTC + eCT?
. ' Max. Stand.
a 5« 10* ¢« 108 d =107 e+ 101 percent errar
departure of est,
—0.26%
2.14250 —5.45436 2.79726 —9.89001 2.78444, (1127.3K; 0.0 C.11%
i mol % KCI)

These values are based on the work of

4 Phys. Chem. Re?. Date, Vol. 4, Me. 4, 1§75

an Artedalen and Yafis {Archimedcan mecthed) [87] € — 1wl % KCIL.



Taste 418. KCl-NaCl: Density (g cm™%)

PROPERTIES OF CHLORIDES AND MIXTURES 1065

TABLE 416. Viscosity studies: KCl-NaCl

Mol percent NaCl Investigations critically re-examined
T 100 | 84.77 } 72.94 | 6515 | 51.23 | 41.00 | 20.75 0 Ret. Nl;fi(:; Tempi’range Comments
945 1.595 2
060 Lses | 1sa2 26 | 0,50, | 1073,1173,1273
975 1578 | 1.574 75,100
990 1.584 | 1.582 | 1.569 | 1.565 20 | 0-100 (g) | 1103, 1123,1173 | Cell material: Ni sphere, Ni
1005 1576 | 1574 | 1561 | 1.557 | 1554 wire; calibration: water
1020 1567 | 1565 | 1552 | 1548 | 1.545 wnd molten NaCl
1035 1.559 | 1.557 | 1.544 | 1.539 | 1.536
1050 1.550 | 1.548 | 1.535 | 1.531 | 1.527 53 | 0-100 993-1173 | Cell material: Pt sphere, Pt
1065 1.550 | 1.542 | 1.540 | 1.527 | 1.522 | 1.519 | 1.515 suspension wire; calibra-
1080 | 1.553 | 1.542 | 1.534 | 1.532 { 1.518 { 1.513 | 1.510 | 1.506 tion: water, nitrobenzene,
1095 - 1.545 | 1.534 | 1.525 | 1.523 | 1.510 { 1.505 | 1.501 | 1.498 aniline, molten NaNO,
1110 | 1.537 | 1.525 | 1.517 | 1.515 | 1.501 { 1.496 | 1.493 | 1.489 and KNOs
1125 | 1.528 | 1.517 | 1.509 | 1.507 | 1.493 | 1.488| 1.484 | 1.480 66 0.298
1140 | 1.520 | 1.509 | 1.500 | 1.498 | 1.484 | 1.479| 1475 | 1471 T .
1155 | 1512 | 1.500 | 1.492 | 1490 | 1.475 | 1.470 | 1466 | 1.463 560,793\  988-1187 | Cell material: Pt ball;
1170 | 1.504 | 1.492 | 1.483 | 1.482 | 1.467 | 1462 | 1.458 | 1454 calibration: water, nitro-
1185 | 1496 | 1.484 | 1475 | 1473 1.449 | 1445 benzene, aniline, molten
1200 | 1.488 1440 | 1436 NaNO: and KNOs
1215 | 1.480 86" | 0-100 992-1118 | Cell material: Pt disc,
1230 | 1.472 stainless steel suspension
1245 | 1,404 wire; Pt sample vessel;
1260 | 1.455 calibration: sulfuric acid
1275 | 1.447 solutions
1290 | 1.439
- 100° 0-100 0021118 Cell material: Pt dise,
Temperature-dependent equations stainless steel suspension
p=a+dT wire, Pt sample vessel;
Stand. calibration: sulfuric acid
Mol % NaCl a b« 10* error solutions and malten KC1
of est.
0 2.1376 —5.8445 T 0.03% 218\ 0-100 992-1118
20.75 21377 —5.8127 0.01% 226 0-100 930-1270
ﬁgg ii:ﬁ _:Zgg ggiz Comparisons with NSRD§ recommendations:
65.15 2.1338 —5.5749 © 0.01% [1, p. 4 and this volume]
72.94 2.1374 —5. . NaCl .
9477 s _ggggg gg;g: Ref. Mol % Min. departure Max. departure
100 2.1365 —5.4052 0.05% 24 100 0.3% (1173K)
These values are based on the work of Van Artsdalen and Yaffe 53 100 —0.32% (1153K) —1.8% (1093K)
{Archimedean method) [37). 86, 100 100 —14.5% (1102K) —17.1% (1118K)
86, 100 84.8 —279% (1043K)
86, 100 729 | —260% (1037K)
86, 100 65.2 —20.0% (993K}
86, 100 51.2 —188% (1033K)
86, 100 41.0 —92% (993K)
86, 100 20.8 —9.6% (1063 K)

*References [86], [100], and [215] contain the same experimental

data.
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TanLe 420. KCINaCl: Viscosity (ep)

Mol percent NaCl

T 100 84.77 72.90 I 6515 51.23 41.00 20.75 0
1000 1777 1.668 1.580 1.502
1010 1.702 1.605 1.519 1.450
1020 1.631 i 1.545 1.460 1.400 1.331
1030 1.565 1.486 1.404 1.351 1.285
1040 1.557 1.502 1.430 1.351 1.305 1.241
1050 1.498 1.443 1.376 1.300 1.260 1.199
1060 1.441 1.387 1.324 1.252 1.217 1.158 1154
1070 1.387 1.335 1.274 1.206 1.175 1.119 1.116
1080 1.335 1.285 1.226 1.162 1136 1.082 1.080
1090 1.285 1.238 1.181 1121 1.098 1.047 1.046
1100 1.307 1.239 1.194 1.139 1.083 1.062 1.014 1.014
1116 1.258 1.195 1.152 1.098 1.047 1.028 0.983 0.984
1120 1.211 1.153 1112 1.060 1.014 0.996 0.954 0.957
1130 1167 1.114 1.074 1.024 0.984 0.966 0.926 0.931
1146 1.125 1.078 1.038 0.990 0.956 0.937 0.900 0.908
1150 1.086 1.044 1.004 0.959 0.930 0.911 0.877 0.887
1160 1.048 1.013 C0972 0.931 0.907 0.887 0.855 0.869
1170 1.022 0.985 P0.941 0.904 0.887 0.864 0.835 0.853
Temperature-dependent equations
n=a-+ b7 + cT* - dT?
7= A *exp (£/RT)
: . , E Stand. error
Mol % NaCl a b - 10? ¢« 108 d+ 10° A+ 102 (cal mol™?) of est.
0 1.7091 1.5846 —27.7213 11.5836 0.57%
20.75 14.1361 —1.9076 - . 5.0784 1.2900 -0.29%
41.00 11.6454 —11612 | — 19476 3.4160 0.55%
51.23 18.3576 —2.5649 71721 1.6990 0.61%
65.15 16.2796 —2.0228 3.0276 2.5895 0.38%
72.90 . 2.231 8699 0.60%
84.77 15.2401 —1.4962 — 3.3789 4.9174 0.25%
100 1.821 9341 0.47%

These values are based on the work of Murgulescu and Zuca (oscillating sphere method) [53).

TaBLe 421. Surface tension studies: KCl-NaCl

TasLe 421. Surface tension studies: KCl-NaCl—Continued

Investigations critically re-examined

Temp.
Ref. I\I'I\{EC% €mp. range Comments
243 0, 50, 998-1183
G35, 100

245 0-100 1073-1223 | Cell material: Pt capillary and
quartz beaker containing melt;
calibration: diameter of
capillary measured with micro-
scope, water, alcohol

250 0-100 1073, 1173,

1273

254 0-100 970-1210 | Cell material: 90%Pt-Rh
capillary, melt in Pt crucible;
calibration: benzene

257 | 40, 60, 100 973-1182 | Cell material: Pt capillary;
calibration: radius of capillary
obtained from measurements of
pure molien LiCl, NaCl,
and KCl

143 50 995-1293

226 0-100 990-1376

d. Phys. Chem. Ref. Date, Vol. 4, No. 4, 1973

Comparison with NSRNS recommendations [2. pp. 57. 58 and
this volume]

i

Ref. I\I’Foalcféy Min. departure ' Max. departure
243 100 34% (1083 K} 3.5% (1183 K)
245 00 i 0.18% (1123 K) 0.58% (1223 K)
250 00 0.19% (1173 K)

254 100 ;. 23% (1175 K) 3.0% (1099 K)
257 100 31% (1173 K) 3.89% (1103 K)
254 60 34% (1098 K) 3.5% (1095 K)
257 60 42% (1123 K) 5.1% (1023 K)
243 50 3.5% (1073 K) 3.9% (1173 K)
143 50 33% ( 950 K) 42% ( 800K)
254 40 3.0% (1099K) 3% (1071 K)
257 40 3.8% (1073 K) 42% (1023 K)
243 ¢ 0.81% (1073 X) 12% (1173 K)
245 0 —950, (1223 K) —26% (1073 K)
250 0 —2.79 (1073 K)

Comment: Reference [243] contained only graphical data in the
form of surface tension—composition isotherms at 800 °C for the
mixtures reported. Numerical data given hiwic was obtained through
a private communication. Bertozzi reported a reproducibility of
=+0.5% for his surface tension measurements.

Desynatnikov [245] reported a reproducibility of 0.8%. Results
on the pure salts agreed with literature values obtained by other
methods. Vaiues for pure MgCl; were those recommended in [2].

Dahl and Duke [254] reported a total error in surface tension data
for mixiures of less than +1%.
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TaBLe 422. KCI-NaCl: Surface tension (dyn cm™?)

1067

Mol percent NaCl
T 100 90 80 70 60 50 40 30 20 10 0 50
980 . 114.0 1117 109.8 108.3 107.1 106.1 105.2
990 113.3 111.0 109.1 107.6 106.4 105.3 1045 107.6
1000 119.0 115.5 112.6 110.3 1084 106.9 105.6 104.6 103.7 102.9 106.9
1010 118.3 114.8 111.9 109.6 107.7 106.1 104.9 103.9 103.0 102.2 106.1
1020 117.6 1141 111.2 108.9 107.0 105.4 104.2 103.1 102.3 101.4 105.4
1030 116.9 1134 110.5 108.2 106.3 104.7 103.5 1024 101.5 100.7 104.7
1040 116.3 112.8 109.9 107.5 105.6 104.0 102.7 101.7 100.8 99.9 104.0
1050 115.6 1121 109.2 106.8 104.8 103.3 102.0 100.9 100.0 99.2 103.3
1060 114.9 1114 108.5 106.1 104.1 102.6 10L.3 100.2 99.3 98.4 102.6
1070 114.2 110.7 107.8 105.4 103.4 101.8 100.5 99.5 98.5 97.7 101.8
1080 113.5 110.0 107.1 104.7 102.7 101.1 99.8 98.7 97.8 96.9 96.0 101.1
1090 1129 109.3 106.4 104.0 102.0 100.4 99.1 98.0 97.¢ 96.2 95.2 100.4
1100 112.2 108.6 105.7 103.3 101.3 99.7 98.4 97.3 96.3 95.4 94.5 99.7
1110 111.5 108.0 105.0 102.6 100.6 99.0 97.6 96.5 95.6 94.6 93.7 99.0
1120 110.8 107.3 104.3 1019 99.9 98.2 96.9 95.8 94.8 939 93.0 98.2
1130 110.2 106.6 103.6 101.2 9.1 97.5 95.2 95.0 94.1 93.1 92.2 97.5
1140 109.5 105.9 102.9 100.4 98.4 96.8 95.4 94.3 93.3 92.4 91.4 96.8
1150 108.8 105.2 102.2 99.7 91.7 96.1 94.7 93.6 92.6 91.6 90.6 96.1
1160 108.1 104.5 101.5 99.0 97.0 95.3 94.0 92.8 91.8 90.9 89.9 95.3
1170 107.4 103.8 100.8 98.3 96.3 94.6 93.2 92.0 91.0 90.1 89.1 94.6
1180 * 106.8 88.3
Two-dimensional equation and statistical parameters
y=a- bT 4+ cC + dC? + eC® + fTC? 4 gCT?
a b« 10° ¢ 10t d+ 108 e~ 10° f- 108 g+ 108 Mg;;;i;;"' (| Stangd omer
: —0.46%
186.76500 —6.77993 —3.41591 3.42500 —1.28519 —3.15694 —3.79717 (1170.0 K, 50 0.20%
‘mul % KCI)
These values are based on the work of Desyatnikov (maximum bubble pressure method) [245]. C = mol % KCL
Tasre 423. KCI-NaCl: Surface tension (dyn cm™?)
) ) Mol percent NaCl
T 100 90 75 o0 50 40 25 10 0
980 116.9 112.6 109.8 108.7 106.7 105.5 104.6
990 116.2 111.9 109.1 108.0 106.0 104.7 103.9
1000 -119.0 115.5 111.2 108.4 107.3 105.3 104.0 103.1
1010 118.3 114.8 110.5 107.7 106.6 104.6 103.3- 102.4
1020 117.6 114.1 109.8 107.0 105.9 103.9 1025 101.6
1030 117.0 1135 109.1 106.2 105.1 103.1 101.8 100.9
1040 116.3 112.8 108.4 105.5 104.4 102.4 101.0 100.1
1050 115.6 1121 107.7 104.8 103.7 1017 100.3 99.4/
1060 1149 111.4 107.0 104.1 103.0 101.0 99.6 98.6
1070 114.2 110.7 106.3 1034 102.3 100.3 98.8 979
1080 113.6 110.1 105.6 102.6 101.5 99.5 98.1 97.1 95.8
1090 112.9 109.4 104.9 101.9 100.8 98.8 97.3 96.4 95.1
1100 112.2 108.7 104.2 101.2 100.1 98.1 96.6 95.6 94.3
1110 111.5 108.0 103.5 100.5 99.4 97.4 95.9 94.9 93.6
1120 110.8 107.3 102.8 99.8 98.7 96.7 95.1 94.1 92.8
1130 110.2 106.7 102.1 99.0 97.9 95.9 94.4 93.4 92.1
1140 109.5 106.0 101.4 98.3 97.2 95.2 93.6 92.6 91.3
1150 108.8 105.3 100.7 9.6 8.5 94.5 92.9 91.9 90.6
1160 108.1 104.6 100.0 96.9 95.8 93.8 92.2 91.1 89.8
1170 107.4 103.9 99.3 96.2 95.1 93.1 91.4 90.4 89.1
1180 106.8 : 88.3
1190 106.1 87.6
1200 1054 86.8
1210 104.7 86.1
1220 104.0 ! 85.3
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TapLe 423. KCI-NaCl: Surface tension (dyn cm™!)—Continued
Temperature-dependent equations.
vy=a+4 bT
Mol % NaCl a b+ 10?
0 176.8 —1.5
10 178.1 —17.5
25 178.0 ~14
40 177.3 —7.2
50 179.3 —7.2
60 180.4 —12
75 181.2 —70
20 183.5 —68
100 187.0 —6.8

These values are based on the work of Desyatnikov (maximum bubble pressure method) [243].

KCI-NdCl: -
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Ficure 72. Temperature-composition phase diagram for KCI.NdClL.

In-chzhu Sun and 1. S. Morozov, Russ. J. Inorg. Chem.,
UV.SS.R., 3, 1914 (1958).

Melt Preparation and Purification

Neodymium trichloride and the other lanthanide tri-
chlorides used by Forthmann and Sehneider [186, 100]
were prepared by adding excess NH,CI to the rare earth
oxide (purity >99.8%) at 280 °C for 12-15 hours. Excess
NH,CI was sublimed under vacuum at 300-400 °C and the
rare earth chloride was melted under an argon atmosphere,
Analysis of the melts were performed using EDTA titrations
for the rare earth metals. Differences between calculated
and titrated values were less than 1%,

1. Phys. Chem, Ref. Data, Vol. 4, No. 4, 1975

TaBLe 424. Electrical conductance studies: KCI-NdCis

Investigations critically re-examined

NdCl.
Mol %

0-100 (g)

Ref.

Temp. range
) Comments

186, 190° 1073,1173° Cell material: quartz
capillary cell; Pt elec-
trodes; freq. range:
100,000-250,000 Hz;

calibration: molten

NaCl, KCl, and CsCl

*Forthmann et al. {186, 190] initially filled their quartz con-
ductance cells with NdCl; under Ar flow; the pure LaCl; was
- melted and HCl gas was passed through the melt until the con-
ductance was constant. Compositione were varied by adding the
solid alkali chloride,
*Data reported at 1073 K only in reference [186].

TaBLe 425. KCI-NdCl:: Molar conductance (ohm™~* ¢cm? mol™1)

Mol % KCI 1073 K

[ 73.3
10 69.3
20 66.8
30 65.7
40 65.0
50 65.2
60 66.0
0 68.2
80 74.5
90 90.0
100 110.0

These values were interpolated to three signiﬁcaht figures from
the graphical presentation of Forthmann and Schneider (classical
ac technique) (186, 1901.
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KCI-PbCl2
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Ficure 73. Temperature-composition phase diagram for XCl-PhCl..

K. Treis, Neues Jahrb. Mineral., Geol., Paldontol., Beil.
Band, 37, 766 (1914).

Melt Preparation and Purification

Tarasova [13] used salts of domestic production. Lead
chloride was recrystallized from water and stored in black,
opaque paper. The melting point of the pure PbCl
was 500 °C.

Bloom and Heymann [25] and Boardman et al. [26]
used analytical reagent salts which were checked by
analysis. :

“Chemically pure” salts used by Lantratov and Moiseeva
[43] were recrystallized from their hydrochloric acid
solutions and dried in a stream of HCl.

Easteal and Hodge [158] prepared PbCls from May and
Baker Ltd. “Analar” Pb(NO;). and HCI, and was purified
by ecrystallization from a dilute hydrochloric acid solution
followed by filtration of the molten salt, under nitrogen,
through a porous silica frit. Pure KCl was precipitated
from a cold saturated solution of the “Analar” salt with
dry HCL Mixtures were analyzed before and after each
experiment by conversion of the samples to nitrates and
titrating with sodium molybdate using Solochrome Red B
as the indicator.

Boardman et al. [234] used salts that were either of
AR. purity or prepared from reagents of this purity and
recrystallized.

Dahl and Duke [238, 254] used “Baker Analyzed”
reagent grade materials. Lead chloride was fused, crushed
and stored in a drying oven at 110 °C and KCl was dried
and used without further purification.
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TABI;E 426. Electrical conductance studies: KC1-PhCl

Investigations critically re-examined

Ref. I\I;EIC% Temp. range Comments

13 65-100 733-793 Cell material: Pyrex; Pt

electrodes; calibration: molten
i Ca(NOs) =

25° 0-100° | 833-993 Cell material: Supremax glass;
Pt electrodes; ireq. range:
3000 Hz; calibration: 1.0 N
KCl solution and molten PbCl:

43¢ 10-100 698-1073 | Cell material: silica capillary
cell; Pt clectrodes; freq. »
range: 1000-3000 Hz; calibra-
tion: 30% H.SO. solution,
molten KNO;, NaNOs, PbCle
and KC1

116 1 17.1-915 813-993

118 | 50-80 {g)| 733-793

142¢) 0-100 (g) 993

185¢| 20.1-100 693-1213 | Cell material: U-shaped quartz
capillary cell; Pt electrodes;
{req. range: 1000 Hz; calibra-
tion: 1.0 Demal KCl solution

325 | 25-100 (g)| 800-1000

Comparison with NSRDS recommendatione [1, p. 13 and this

volume}
Ref. I\I;(];)IC‘];o Min. departure Max. departure
13 100 —14% (793K)

25 100 - 0.0% (833K) —0.52% (873K)

185 100 0.06% (823K) 0.22% (848K)
13 80 —134% (773K}

25 80 —18% (973K)

25 70 —0.86% (973K) —12% (873K)
13 1 67 —12.1% (773K)
116 . 416 —19% (973K)

25 18 —1.7% (BT3K) |

*Bloom and Heymann [25] periodically checked the cell constant
of their capillary conductance cell ‘and found no appreciable change
(less than 0.3%) even over long periods of continued use.

*0%; values were extrapolated.

*Lantratov and Moiseeva [43] claimed an accuracy of =0.2-0.3%
in their conductivity measurements, The values for pure PhCl: were
those recommended in NSRDS-NBS-15 [1].

%Data from reference [25].

*Easteal and Hodge [185] reported an overall accuracy in their
conductance measurements of #0.4%.

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLe 427. KCI-PbhCl:: Specific conductance (ohm™ em™1)
Mol percent PhCls
T 100 90 85 |.81.93 80 77 67 60 50 41,67 30 25 20 15 10
700 1.050 1019 | 1.048 1.048 | 0.977 | 0.908
720 1143 1108 | 1132 ! 1.130 | 1051 | 0.988 .
740 1.234 1.195 1.214. 1.210 1.123 1.066 0.998
760 ! 1.325 1.282 1.295 1.289 1.195 1.142 1.064
780 | 1454 | 1464 | 1.414 | 1367 | 1375 | 1366 | 1.266 | 1.216 | 1129 ! 1080 | 1.058 | 1.095 | 1.125
800 | 1.566 | 1.551 | 1.502 | 1.452 | 1.454 | 1.441 | 1.336 | 1.287 | 1.193 | 1.139 | 1.110 | 1142 } 1171
820 1.673 1.638 1.589 1.535 1.531 1.515 1.405 1.357 1.257 1.199 1.164 1.191 1219 |
840 1.774. 1.725 1.675 1.617 1.608 1.588 1474 | 1424 1.319 1.258 1.219 1.243 1270 |
860 1.870 1.812 1.759 1.697 1.683 1.659 1541 1489 1.381 1.318 1.276 1.296 1.324
880 1.960 1.899 | 1.842 1777 1.757 1.728 1.608 | 1.552 1.443 1.377 1.334 1.351 1.380
900 | 2.045 1.986 1.924 1.855 1.829 1.796 1.674 1.613 1.503 1.437 1.393 1.407 1.438
920 | 2.125 | 2073 | 2.005 | 1.933 [ 1901 | 1.862 | 1.739 | 1.671 | 1.562 | 1.496 | 1453 | 1466 { 1.500
940 2.085 | 2.009 ] 1.971 | 1.927 | 1.803 | 1.728 | 1.621 | 1.556 | 1.515 | 1.527 | 1.563
960 1.866 1.679 1.615 1.578 1.590 1.630 1.679
980 1.674 1.643 1.654 1.728 1.829
1000 1777 | 1877
1020 1.820 1.925
1040 1.875 | 1973
1060 1.924 l 2021
Temperature-dependent equations
k=a+ bT 4 cT*
Stand.
Mol % PbCl. ” bhe103 e 106 error
of est.
10 | —0.5220 i 2.3994 0 0.89%
15 —0.6742 2.4507 0 1.56%
20 1.3527 —2.8048 3.2223 0.46%
25 0.7253 —1.3756 2.3707 0.43%
30 0.0797 —0.0758 1.7052 0.39%
41.67 —1.2380 29718 0 0.19%
50 —2.0076 4.8037 —1.0035 0.29%
60 —3.2334 7.7796 —2.6612 1.60%
67 —2.1243 5.1692 —1.0544 0.55%
77 —2.7663 6.7806 —1.9017 0.50%
80 —2.6378 6.3218 —1.5092 0.62%
81.93 —2.8316 6.5241 —~1.4624 0.49%
85 —2.9686 6.8045 —1.5201 1.98%
90 —1.9349 4.3570 0 0.80%
100 —7.1379 16.2944 —6.7679 0.53%

These values are based on the work of Lantratov and Moiseeva (classical ac technique) [43].
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TaBLE 428. Density studies: KCl-PbCl TabBLE 429. KCI-PbCl: Density (g cm™3)
Investigations critically re-examined ) Mol percent PbCl.
Ref. I&%lcz; Tem%):.r;ange Comments T 100 82.1 L 638 474
° 710 | 3.399
9 | 16.7-100 773-1173 | Cell material: Pt bob, Pt wire; 780 i 3.387
calibration: water (17 °C) 790 4.927 : 3.376
26° | 474,638, | 763-973 | Cell material: silica dilatom- 800 4.912 ! 3.865
82.1,100 eter; calibration: molten AgNO; 810 4.897 : 8.353
’ 820 4.882 i 3.342
142P 0-100 993 830 . 4.8667 H 3.231
840 4.852 4.340 3.320
165 50 850 4,837 4,326 3.308
193 20-100 873,973 860 4.822 4.312 3.762 3.297
870 4.807 4.208 3.719 3.286
206 42,9-81.8 753 Cell material: Pt sphere, Pt 880 4.792 4.983 3.736 3274
wire 890 4.777 4.269 3.724 3.263
; 900 4.762 4.255 3.711 3.252
325 | 20-100 ( 973,1023
g 910 4.747 4.241 3.698 3.240
Deviations from previous NSRDS recommendations: [1, p. 13] 920 4.732 4997 3.685 3.929
! PbCh . 930 4.717 4212 3.672 3.218
Ref. | Mol % Min, departure Max. departure 040 - 4702 4198 3.660 3907
) 100 —0.73% {960 K) —0.90% (800 K) 950 4.687 4184 RA47 R105
193 100 0.23% (873K) , 960 4.672 4.170
- 970 4.657 4.156
*Density values in reference [26] for pure components were those -
recommended in NSRDS-NBS-15 [1]. Temperature-dependent equations
A maximum error ol £U.6% was reported for density results on p—a+bT
mixtures. The volume of the dilatometers was checked after each Mol % PbCl, P b 103
exf];::::efr;; ;ni fl:;es;i::[iizcg;lt changes were found. 474 4.260 113
: 63.8 4.863 —1.28
82.1 5.533 —142
100 6.112 —1.50

These values are based on the work of Boardman, et al. (dilato-
metric method) [26].

TaBLE 430. Viscosity studies: KCI-PbCl:

Investizations critically re-examined

PbCl. Temp. range
Ref. Mol % T
36 25.9-100 723-973
206 42,9-81.8 753

TaBLe 431. KCL-PbCl:: Viscosity (cp)

The glass viscometers used in reference {36] were calibrated using
molten KNO;. Viscosity values for pure PbCl: were those recom-
mended in NSRDS-NBS-15

. Mol percent PbCl,
T 100.0 82.9 134 66.4 543 i 51.9 49.7 48.9 43.5 334 259

730 5.27 4.74 442 4.30 4.35 4.20 4.36

740 © 496 447 417 4.05 4.11 3.06 4,12

750 4.67 421 3.94 i 3.82 3.88 © 374 3.89

760 440 - 3.98 3.73 3.60 3.66 3.54 3.67

770 4.15 3.76 ' 3.53 341 3.46 3.35 347

780 444 301 3.56 3.35 3.23 3.27 3.17 3.29 3.26

790 4.20 3.69 3.38 3.18 3.06 3.10 .01 3.11 3.10

800 3.98 3.48 3.21 . 3.03 291 293 2.87 295 2.94

810 3.77 3.30 3.05 2.89 2.77 2.78 2.73 2.80 2.80

820 3.58 312 2.90 2.75 2.63 2.64 2.60 2.66 2.66

830 341 2.96 2,77 2.63 2,51 2,51 248 2.53 2.53 2.56
840 3.24 H 2.81 2.64 2.51 2.39 2.39 2.37 241 241 246
850 3.09 2.67 2.52 2.40 2.28 2.27 2.27 2.29 2.30 2.36
860 2.95 2.54 241 2.30 2.19 2.17 2.17 2.19 2.19 2.26
870 2.82 243 231 2.20 2.09 2.08 2.08 2.10 2.09 217
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£ 431, KCI-PhCl:: Viscosity (cp)—~Continued

Mol percent PbCls

T 100.0 820 | 734 66.4 54.3 51.9 49.7 489 | 435 334 | 259
880 2.69 2.32 i 221 2.12 2.01 1.99 1.99 2.01 \ 2.00 2.09
890 2.58 2.23 2.12 2.03 1.93 1.91 1.92 1.93 S19 2.01
900 247 2.14 2.04 1.95 1.85 1.84 1.84 1.86 1.83 1.93
910 2.37 2.06 1.96 1.88 1.78 1.77 177 1.80 1.76 1.85
920 2.27 1.98 1.88 1.81 1.71 1.71 176 174 1.70 1.78
930 2.18 1.92 1.81 1.74 1.64 1.66 1.64 1.68 1.64 1.72 1.76
940 210 1.85 1.75 1.68 1.58 161 1.58 1.63 1.58 1.65 170
950 2.02 1.80 1.68 1.62 1.53 1.56 1.53 1.58 1.53 1.60 1.63
960 1.94 1.74 1.63 i 1.57 1.47 152 1.47 1.54 1.49 154 1.57
970 1.87 1.69 1.57 l‘ 1.52 1.42 1.48 1.43 1.50 1.46 149 151
Temperatnre.dependent equations
g=a--bT 4+ T2 dT¢
n=A °exp (E/RT)
Stand.
Mel ¢ PLCIL a b 102 c* 109 de 108 4+ 102 E {cal mol™1) crror
of est.
25.9 4,191 6911 0.91%
33.4 25.8532 —4.6389 2.2943 —1.0429 0.31%
135 10,6217 114175 95.1616 10.2220 0.79%
48.9 98.2580 —27.9981 27.2824 —89.7130 1.35%
49.7 : 5.321 6337 1.31%
51.8 97.0965 ~27.5332 26.6724 —87.1132 1.31%
54.3 4999 4R1 0.015%
66.4 5.837 6278 0.70%
734 : 5424 6486 L15%
82.9 130.0077 —37.5111 -36.9363 —122.7078 1.45%
160.0 5.415 6830 1.56%

These vaiues are based on the work of Harrap and Heymann (capillary method) [36].

TaBiLE 432, Surface tension studies: XCI-PbCl.

Investigations critically re-examined

Rel. I

PhCl. Temp. range .
Mol % 7 : Comments

0-100 (g) 773,873 Ce:l materiai: capillary
and salt containing tube

of BTH-C46 glass;
calibration: water

b
~
W
—
o
S

768-899 Cell material: T't—10%
Rh capillary, melt con-
tained in Pt crucible;

calibration: benzene

" Remarks concerning references {234] and |23&) were given under
the system AgCl-KCl and LiCI-PbCl,, respectively.

J. Phys. Chem. Ref. Data, Yol. 4, Ne., 4, 1973
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TasLE 433. KCI-PbCls: Surface tension (dyn cm™?)

Mol percent PbCl:
T 110000 | 75.68 | 64.12 | 49.13 | 48.85 | 36.86 ? 31.77
765 1159 1
770 121.2 115.5 115.3 }
175 117.4 115.0 114.8
780 1169 | 114.5 | 114.3
785 1164 | 1139 | 1138
790 1159 | 1134 | 1132
795 | 1349 1154 | 1129 | 1127
/0D - 1343 1140 1124 1122
805 | 133.6 | 1144 | 1119 | 1116
810 | 133.0 i 1139 | 1114 | 1113
815 | 1324 1134 | 1109 | 110.6
820 131.8 ¢ 1130 1104 110.1
825 | 131.1 ¢ 1125 109.5
830 | 130.5 1120 110.0
835 | 129.9 . 1115 109.6
840 129.3 111.0 109.2
845 | 128.7 110.5 108.8
850 108.3 .
855 107.9
860 107.5
865 107.0
870 106.6 | 106.0
875 105.6
880 105.3
885 104.9
890 104.5
895 104.2
Temperature-dependent equations
v=a-+4 bT
Mol % PhCl: a b 102 Stand. error
of est,
31.77 169.9381 — 7.3489 0.12%
36.86 180.9981 - — 8.5499 0.35%
48.85 196.6602 —10.5613 0.37%
49.13 193.1133 —10.0855 0.28%
64.19 103.7382 — 9.8527 0.08%
75.68 201.4260 —104167 0.01%
100.00 233.6772 —12.4284 0.49%

Temperature(°C)

KC
800 |

1073
1-PrCls

776

7001
685

6!0

600

500

1 i |
T€5

KCI—PrCls

400

300 !

L —

I ]

0 20
KCl

Mol

40 60 80 lOO_.
PrCls
% PrCl,

Ficure 74. Temperature-composition phase diagram for KCI-PrCl..}

Z. N. Shentova, E.

N. Karzina, and B. G. Korshunov,

Russ. J. Inorg. Chew., 7, 1348 (1962).

Melt Preparation and Purification

Praseodymium trichloride was prepared and analyzed
as discussed under the system KCI-NdCl;.

TasLE 434. Electrical conductance studies: KCI-PrCh

Investigations critically re-examined

PrCl, | Temp. range
(T)

These values are based on the work of Dahl and Duke (maximum

bubble pressure method) [238, 254].

Ref. Mol % Comments
190 | 0-100 (g) 1073

Cell material: quartz capillary
cell; Pt electrodes: freq. range:
100,000-250,000 Hz; calibra-
tion: molten CsCl, KCl, NaCl

*Equivalent conductivities were reported.
Comment: Experimental details are briefly discussed under the

system KCI-NdCl.,

-J. Phys. Chem. Ref. Data, Vol. 4,:No. 4, 1975
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TabLE 435. KCI-PrCls: Molar conduetance (ohm™* cm? mol ™1}

Mol % KCl 073K Mol % KCL 1073 K
0 713 60 67.3
10 73.4 70 68.0
20 70.7 80 75.5
30 68.7 90 92.6*
40 61.9 100 112.0°
50 67.3

*Extrapolated values.

These values have been interpolated to three significant figures from the graphical presentation of Forthmann and Schneider (classical ac

technigne) [190].

KCI-RbCI
T T T T T =T T " T
;5 KCI-RbCl
~ 800} n
@
[ -
=
2
o
o
=
@ _
= 700 solid solution
. 1 : [ . | :
o] 20 40 60 8C 100
RbCH KCt
Mol % KClI

FiGURE 75. Temperature-composition phase diagram for KCI-RbCL

0. S. Dombrovskaya, Zh. Obshch. Khim., 3 (8], 1022
(1922).
Melt. Preparation and Purification

Salts used in reference [98] were Merck p.a. reagents
and were purified by the procedure described under the
system CsCl-LiCl

TaBLE 436. Electrical conductance studies: KCl-RbCl

Investigations critically re-examined

Ref. RbClI

Temp. range
Mol % (T Comments
98 0, 25, 50, | 1013-1233 | Cell material: quariz or silica
75, 100 glass capillary cell; Pi elec-

trodes; freg. range: 1000-7000
Hz; calibration: 0.1M and
1.0M X! soluations

Deviations from previous NSRDS recommendations: {1, p. 5, 6]

Ref. ]\'IT{;)IC‘;C Min. departure Max. departure
93 100 0.12% (1010 K) —4.4% (1200 K)
98 | 0 0.04% (1180K) | —031% (1080 K)

Comment: Zuca and Olteanu [98] report, in addition to experi-
mental specific conductivities, Arrhenius equations (equivalent
conductances as a function of temperature) with standard deviations
for E), the activation energy, in the range: 1.2 X 1072 Kcal mol ™}
(G mol % RbCl, E) = 3.44 Keal mol™1) 10 3.7 X 1072 Kcal mol™?
(75 mol % RbCI, E) = 3.71 Kcal mol~?).

3. Phys. Chem. Ref. Data, Vol. 4, Ne, 4, 1975

Tapre 437. KCI-RbCl: Specific conductance (ohm™* em™?)

Mol % RbCl
T 100 75 50 25 0
1020 1574
1030 1.596
1040 1.618
1050 1.640
1060 1.662 1.756 2.198
1070 1.683 1.776 1.903 2.042 2.223
1080 1.704 1.797 1926 2.066 2.249
1090 1.725 1.817 1.949 2.090 2273
1100 1.745 1.838 1971 2.114 2.298
1110 1.766 1.859 1.993 2.137 2.322
1120 1.785 1.881 2.015 2.160 2.346
1130 1.805 1.903 2.036 2.182 2.369
1140 1.824 1.925 2.057 2.204 2.392
1150 1.843 2.077 2.225 2415
1160 1.862 2.097 2.246 2.437
1170 1.380 2.116 2.267 2.459
1180 1.899 2.136 2.287 2.480
1190 1.916 2.154 2.501
Temperature-dependent equations
k=@ - bT 4 cT?
Stand.
Mol % RbCl a b 10 c° 108 error
of est.
0 —2.9614 71219 —2.1277 0.02%
25 —3.0441 7.0423 —2.1393 0.10%
50 —3.0678 6.9368 —2.1418 0.13%
75 1.3252 —1.1682 1.4859 0.07%
100 —2.3072 5.3381 —1.5035 0.02%

These values are based on the work of Zuca and Olteanu (classical
ac technique) [98].

TaBLE 438. Density studies: KCI-RbCl

Investigations critically re-examined

)
Rb(C1 Temp. range
Ref. Mol % 7 Comments
98 0, 25,50, 1 1013-1233 | Cell material: Pt ball;
75, 100 calibration: water
328 | 30-70 (g) 1073
Comparisons with NSRDS recommendations: [1, pp. 5, 6]
Ref. ]\I}SC;O Min. departure Max, departure
98 100 —0.02% (1080 K) 0.15% (1200 K)
98 0 0.01% (1100 K) 0.18% {1200 K)

Comment: Density results in reference [98] were reported as
linear temperature dependent equations with standard deviations in
the range: 2 X 107% grams/em® (0 mol % RbCl) to 10 x 107*
grams/cm? (50 mol % RbCl).
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TasLE 439. KCI-RbCI: Density (g cm™3)
Mol % RbCl .
T 100 75 50 25 ¢
1020 2.218
1030 2.209 2.057
1040 2.201 2.048
1050 2.192 2.040
1060 2,184 2.032 1.863 1.700 1517
1070 2,175 2.024 1.856 1.693 1.512
1080 2.167 2.015. 1.849 1.686 1.506
1090 2.158 2.007 1.842 1.680 1.500
1100 1.150 1.999 1.834 1.673 1.495
1110 2.141 1.991 1.827 1.666 1.489
1120 2.133 1.982 1.820 1.660 1.484
1130 2.124 1.974 1.812 1.653 1.478
1140 2.116 1.966 1.805 1.646 1472
1150 2.107 1.958 1.798 1.640 1467
1160 2.099 1.791 1.633 1.461
1170 2.090 1.783 1.626 1.456
1180 2.082 1.620 1.450
1190 2.073 1613 1.445
1200 2.065 1.439
1210 2.056 - 1.433
1220 2.048
1230 2.039
‘I'emperature-dependent equations
p=a- bT
Mol % RbCl a b 108 Stand.
Dev.
2.1089 —0.5583 0.0002
2.4094 —0.6694 0.0005
2.6333 —0.7264 0.0010
2.9062 —0.8249 0.0006
3.0863 —0.8514 0.0009

These values are based on the work of Zuca and Olteanu

(Archimedean method) [98].

KCI-SkCl:

v I LI | i H T | t

600 KCI-SbCly

500[— -

(°C)

400}~ -

300

Temperature

200}~

00—

0 20 40 80 80 100
KCt SbCig

Mol % SbCl3
Ficure 76. Temperature-composition phase diagram for KCI-SbCls.

J. Kendall, E. D. Crittenden, and H. K. Miller, J. Am. -
Chem. Soc., 45, 963-96 (1923).

Meit Preparation and Purification

Stromberg [40] prepared SbCl; by reacting chlorine
gas with metallic antimony and purified the resulting salt
by sublimation into a sealed vessel. Potassinum chloride
was purified by recrystallization, '

TasLE 440, Viscosity studies: KCI-SbhCls

Investigations critically re-examined

Kcr Temp. range
Bef. Conc. (7
40 0-191 M 373

*Compositions were reported in terms of moles of XCI per liter
of solution.

J. Phys, Chem. Ref. Data, Vel. 4, No. 4, 1975
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TasLe 441. KCI-SbCla: Viscosity (cp)

moles KCl/liter solution 7 at 373.2 K moles KCl/liter solution 5 at 373.2K

0.000 1.710 0.128 1.902
0.009 1721 0.168 1.950
0.0153 1.730 0.242 2.054
0.0232 1.741 0.352 2.22
0,0314 1.758 0.513 248
0.0403 1.765 - 0.744 291
0.0505 1.787 123 3.96
0.0706 1.814 191 6.39
0.0990 | 1.862

These values are based on the work of Stromberg’

(capillary method) {40]. Due to limited data, the experimental results are given.

KCl-ScCls:
T - ' T l - T T
- KCI-ScCly .
800} / .
8 \ / ]
o 700k \ .
5 \
5 7 \ ]
& s00l- \ _
E /
w
5| \ _
500 \ / .
400 . L : !
0 20 40 60
kel Mol % ScCls SeCl—

7IGURE 77. Temperature-composition phase diagram for KCI-ScCl.

J. Kendall, E. D. Crittenden, and H. K. Miller, J. Am.
Chem. Soc., 45, 963-96 (1923).

N. Ya. Fedorov and E. S. Petrov, Izv. Sib. Otd. Akad.
Naur 8.8.S.R., Ser Khim Nauk, 1, 57 (1967)

Melt Preparation and Purification

The preparation of pure ScClz by Fedorov and Petrov

[71] is discussed under the LiCl ScCl, system. No infor-
mation was given with regard to potassium chloride.

TasLe 442. Electrical conductance studies: KCI-ScCl,

Investigations critically re-examined

SeCl Temp. range
Ref. Mol %} ) Comments
71 0-73 (g) 913-1233 | Cell material: sealed quariz

vessels; Mo wire electrodes;
calibration: 1N KCI solution®

A brief discussion of the experimental procedure used by Fedorov

TaBLE 443. KCI-ScCls: Specific conductance (ohm™! cim=1)

and Petrov [71] is given under the LiCl-ScCl; system.

Mol % 913K 953K | 993K 1033 K 1073 K 11 3
SoCt : ; 3K 1153K 193K 1233 K
0 218 2.24 2.36 242 2.52
10 1.84 2.00 2,09 2.18 2.27 2.38
20 1.68 178 1.88 1.98 2.10
30 142 1.56 1.68 174
40 1.36 143 151 1.58 1.65
50 0.78 0.91 1.00 1.08 L6 | 19 1.36 142 1.50
60 118 124 1.30 1.36
70 i 118 1.24 1.30

These values have been interpolated to three si

chnique) [71].

Phys. Chem. Ref. Data, Vel. 4, No. 4, 1975
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KCI-SnCl.
T T T T T T T
800 KCI-SnClz » -]
D,
600}~ / .
o / °
[
]
s L / i
2
@
o
E
2
400} —

200 ::(A«"W

SnCl2

Mol

%

KCl

100
KCl

Ficure 78. Temperature-composition phase diagram for KCl-SnCl..

G. Rack, Cbl. Mineral., Geol., Paldontol., 374 (1913).

1077

Melt Preparation and Purification

Rafalskii [119] used chemically pure SnCly-2H:0 as
starting material. The salt was recrystallized and dehy-
drated in a stream of HCl gas and finally sealed into

glass ampoules. Chemically pure KCl was dried at high
temperatures.

TasLE 444. Electrical conductance studies: KC1-SnCl.

Investigations critically re-examined

SnCl Temp. range
Ref. Mol (723 () Comments
119 45-100 573, 623 Cell material: glass {outside)

and quartz (inside) capillary
cell; Pt electrodes; freq. range:
1400 Hz; calibration: 30%
sulfuric acid solution at 25 <C

Deviations trom previous NSRDS recommendations: [1, p. 12]

Ref. IV?I)IIC]%; Min. departure Max. departure
119 100 —0.711% {623 K) 1.46% (573 X)

TasLe 445. KC1-SnCla: Specific conductance (ohm™! cm™%)

Mol percent SnCl.

T 100 95 90 85 80 75 70 65 60 55 50 48 45
573.2 1.115 1.100 1.079 1.040 0.995 0.935 0.865 0.798 0.688 0.553 0.472 0.515
623.2 1.388 1.388 1.331 1.260 1.215 1.160 1.060 1.000 0.871 0.713 0.645 0.677 0.702
These values are based on tl

he work of Rafalskii (classical ac technique) [119]. Due to Limited data, the experimental values are given.

J. Phys. Chem. Ref. Data, Vol, 4, No. 4, 1975
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KCI-$rCla TaBLe 447. KCI-SrCle: Density (g em™?)
: l . | : : | Mol percent SrCl: .
’ T 100 80 60 40 20 Q
KCI-SrCl, : ’ -

1080 : 1714

1000k | 1090 2518 | 2.307 1.707
1100 2.513 2.301 2.040 1.700 1477
| | 1110 2.507 2.294 2.035 1.694 1472
— 1 1120 2.502 2.288 2.029 1.687 1.466
g 800} "/_ 1130 2.496 2.281 2.024 1.680 1.460
\ / 1140 2490 2.275 2018 1.674 1.454
< LN / ] 1150 | 2712 | 2485 | 2268 | 2013 | 1.667 | 1.448
= * ¥ 838 1160 | 2.707 | 2479 | Z2Ze2z | 2008 | 1.661 1.443
§ coof- 596, N\, 59T = - 170 | 2701 | 2474 | 2255 | 2002 | 1654 | 1.437
§ o 1180 2.696 2468 2.248 1.997 1.647 1.431
L : . 1190 | 2691 | 2463 | 2242 | 1.991 | 1641 | 1.426
5 5 1200 2.686 2.457 2.235 1.986 1.634 1.420
a00l- | & . 1210 | 2681 | 2452 | 2229 | 1980 | 1.627 | 1415
2 5 1220 2,675 2.446 2.222 1.975 1.621 1.410
| : o 1 ] 1230 | 2670 | 2441 | 2216 | 1970 | 1614 | 1.404
L | L] ] [ ! : 1240 2.665 2435 2.209 1.964 1.399
[¢] 20 40 60 80 100 1250 2.660 2430 2.202 1.959 1.394
KCi ) ' SrCly 1260 2.655 2424 2.196 1.953 1.389
Mol % SrCly 1270 2.649 2418 2.189 1.384
1980 | 2.644 1.579
F16URe 79. Temperature-composition phase diagram for KCI-SrCl.. 1296 2.639 1.374
E. Vortisch, Jahrb. Min. Beil. Bd, 38, 185 (1914) . ii‘l’g i-'zgi
E. P. Dergunov and Dergman, Doklady, Adad. Nauk, 1320 1.35¢

555K, 75, 815 (1950). Temperature-dependent equations
p=a-+ bT +4 cT?
Melt Preparation and Purification Setr""r';g
Mol % SrCl. a b 10t ¢* 107 of est,
Reagent-grade alkali metal halides, oven dried at

N . ~11s . 0 2.4614 —11.9158 2.7012 0.22%
200 °C overnight, were used by Ellis and Smith [143, 17]. 20 24904 —6.6273 o 0.20%
Dehydration of SrCl,-6H.0 involved heating the salt under 40 2.6376 _5:4315 0 0.07%
vacuum (0.3 mm Hg) at temperatures up to 300 °C for a 60 3.0230 —6.5642 0 0.17%
period of 48 to 72 hours. 80 3.1221 —5.5402 1} 0.07%
100 3.3110 —5.2104 0 0.09%

These values are based on the work of Ellis and Smith (Archi-
medean method) [14:3].

TABLE 446. Density stndies: KC1.S:Cl.

Investigations critically re-examined

Ref. I\?;]Clﬁ Temg.Tx)range
143 0, 20, 40, 60, 80 1074-1329
325 0-100 (g) 1023, 1123
Deviations from previous NSRDS recommendations: [1, p. 5]
Ref. :\?:;?I% Min. departure j Max. departure
143 0 —0.51% (1319 K) [ —1.16% (1153 K)
*Ellis and Smith [143] used a platinum bob and chain togethor Tantr 448 Surface tension studice: KCI-SrCle

with an analytical balance for their density measurements. Salt

Investigations critically re-examined
condensation on the suspension system was reduced by a slow flow

of inert gas. Ref. MS';P"/:’O Tem?ipl)'ange
143 20, 40, 60, 80 0 1000-1315
204 0-100 (g) [ 1123

*Ellis [143] reported an accuracy of =#+1.5 dynes cm~! in his
surface tension data while Bertozzi and Soldani [244] reported that
results were reproduciblc to within 0,5%.
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TasLe 449, KC1.SrCls: Surface tension (dyn em™?)

Mol percent SrCl.

T

T 100 80 60 40 20 0
1010 134.30 | 120.12 | 114.70
1620 133.59 | 11946 | 113.91
1020 142 55 13288 118.86 113.13
1040 141.88 | 13217 | 118.14 | 112.34
1050 14122 | 13146 | 11748 | 11155
1060 140.56 | 130.74 | 116.8) | 110.76
1070 139.89 | 130.03 { 116.15 | 109.98
1080 139.23 | 129.32 | 11549 | 109.19 | 97.21
1090 138.56 | 128.61 | 114.83 | 10840 | 96.37
1100 137.90 | 12790 | 11417 | 107.61 | 95.54
1110 137.24 | 127.19 | 11351 | 106.82 | 94.70
1120 136.57 | 12648 | 112.85 | 106.04 | 93.86
1130 135.91 | 125.77 | 11219 | 10525 | 93.03
1140 : 135.25 | 12506 | 111.53 | 10446 : 92.19
1150 | 134.58 \ 124.34 | 110.87 | 103.67 | 91.35
1160 167.87 ‘ 133.92 | 123.63 | 110.21 | 102.89 | Y0.52
1170 167.30 13325 | 12292 | 109.54 | 102.10 | 89.68
1180 166.91 | 13259 | 12221 : 108.88 | 101.31 | 88.84
1190 16643 | 131.93 | 121.50 | 10822 | 100.52 |- 88.01
1200 165.94 131.26 120.79 107.56 99.7¢ 8§7.17
1210 16546 | 130.60 | 120.08 | 106.90 98.95 | 86.33
1220 164.98 | 12994 | 119.37 | 106.24 98.16 | 85.50
1230 16449 | 12927 | 118.66 | 105.58 97.37 | 84.66
1240 164.01 128.61 117.94 104.92 096.50 83.82
1250 163.53 | 12795 | 117.23 | 104.26 95.80 | 82.99
1260 163.04 | 127.28 | 116.52 | 103.60 95.01 | 8215
1270 126.62 | 115.81 | 102.94 94.22 | 81.31
1280 19595 11510 102.27 93 44 8048
1290 12529 | 114.39 | 101.61 92.65 | 79.64
1300 124.63 | 113.68 | 100.95 91.86
1310 91.07
Temperature-dependent equations
y=a- bT
Mol % SrCl a ] b 102 S’a:fd-e;f“’r
0 187.57 —8.37 0.87%
20 194.25 —17.88 0.89%
40 186.87 —6.61 0.53%
60 206.12 : -7.11 L11%
80 210.90 —6.64 0.54%
100 223.94 —4.83 0.32%

These values are based on ~

pressure method) [143].

work of Ellis (maximum bubble

KCI-TiCls
800—F———————— ,
J72 760 '
-\ KCI-TiCly A
S
o 700 -
:';j F 873 654 ]
4
Q
Qa
£ 600 .
(8]
— 581 ] /
i e ¢ /
e i 534
(&) (&)
soo[— = = : E
- 1 I 1 I 1 | -l 41 1
Q 20 40 60 80 100
KCl TiCly
Mol % TiCls

Ficurg 80. Temperature-composition diagram for KCI-1iCl.

B. F. Markov and R. V. Chernov, Ukrain. Khim. Zhur.,
23, 281 (1959).

Melt Preparation and Purification

Kamenetskii and Shevlyakova {611 wused “chem.
ically pure” KCl and TiCl; and indicate no addi-
tional purification.

TasLE 450. Electrical conductance studies: KCI-TiCls

Investigations critically re-examined

Ref. MT;]CL% Tem;(J.Tr)ange ) Comments

55° ~0-60 1073 Cell material: quartz; Pt elec-

trodes; {req. range: 1400 Hz

59 |~0-60 (g) 1073 Cell material: quartz; Pt elec-

trodes; freq: range: 1400 Hz

6102 ~0-36 1073-1223 | Cell material: quartz; Mo and

W electrodes; freq. range:
1150 Hz; calibration:

J 0.02N Kl solution

Comparison with NSRDS recommendations:
[1, p. 4 and this volume]

Ref, \};F],?,D Min. departure Max. departure
55 0 0.0% (1073 K)
61 v} —34% (1123 K) —4.1% (1173 X)
61 0 —3.6% (1073 K)

*Data presented graphically except for pure KCL

*Electrical resistances in reference [61] were measured to within
0.01 ohms with an accuracy of 1%, Repeated calibrations showed
that the cell constant varied no more than 1%.
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TasLe 451, KCI-TiCls: Specific conductance (ohm™! em™?) TasLe 453. KCl-UCls: Specific conductance (ohm™* em™)
Mol % TiCls 1073 K Mol percent UCls
0 23 T 50.4 0.1 P 250 189 50
10 - 1.8 870 0.48
20 L5 880 | 0.0
80. L4 890 | 052
40 12 $00 0.55 .
so 12 910 | 057 _ | 100
These values were interpolated to two significant figures from the 920 0.59 1.03
graphical presentation of Delimarskii and Chernov (classical ac 930 0.61 0.70 : 1.05
technique) [55]. ’ 940 0.63 0.72 . 1.07
950 0.65 0.75 0.91 1.10
960 0.67 0.77 0.94 112
KCI-UCl 970 | 069 | 079 | 096 | 09 & 114
930 0.71 0.81 098 : 098 1.16
Melt Preparation and Purification 990 0.73 0.82 1.00 1.00 1.18
1000 0.75 0.34 1.02 1.02 120
Mochinaga [137, 189] prepared UCl; by first hydro- 1010 0.77 0.86 104 | 104 1.22
genating metallic ‘uranium at 220-230 °C {followed by 1020 0.79 088 | 1.06 1.06 1.24
chlorination using HCI gas at 270-300 °C. Excess HCl 1030 0.80 0.90 108 Loz 1.26
= . 1040 0.82 0.91 1.09 1.09 1.28
was removed by evacuation below a temperature of 1050 0.84 0.03 i1 110 1.30
150 °C. Due to the hygroscopic nature of UCly and the 1060 0.86 0.95 113 119 1.32 181
ease of oxidation, all measurements were made in an 1070 0.87 0.96 1.14 1.84
apparatus that was filled with argon which was previously 1080 0.89 0.98 1.16 1.87
purified by passage over a titanium sponge layer heated 1090 0.90 0.99 117 189
at 1000 °C. 1100 0.92 1.01 118 192
1110 1.02 1.19 1.94
1120 1.04 1.96
1130 1.05 b 1.98
1140 1.06 i 2.00
1150 1.08 | 2.01
TasLe 452. Electrical conductance studies: KC1-UCL 1160 L9 ' 2.03
1170 110 2.04
Investigations critically re-examined 1180 1.11 205
Ref. ]\}J(I:h Teowp. 1ange 1100 112 2.(‘?
ol % () 1200 2.07
137 T 50504 864-1235 1210 208
189° 5-50 {g) 1023, 1223 1220 208
—— —— 1230 | | 2.09
Equivalent conductivities were reported.
Temperature-dependent equations
k=a+4 bT 4 cT?
Mol % UCla a b+ 10 ¢+ 108
50 ~—10.297 19.873 —-1972
18,9 — 2422 5.199 —1.575
25.0 ~ 6.728 13.586 i —5.836
28.8 — 4.395 8.890 —3.473
40.1 — 2.963 5.764 —1.959
50.4 —~ 2.649 4.928 —1.530

These values are based on the work of Mochinaga et al. (classical
z¢ technique) [137].

TaBLe 454. Density studies: KCI-UCly

Investigations critically re-examined

1 T .
Ref. MLO?I‘?}’O cm;()Tl)'ange Comments

189 0-100 1073-1304 | Cell material: guartz

pycnulcte: ; calibration:

! ]molten NaCl, KC1
Deviations from previous NSRDS recommendations: [1, p. 5]
Ref. ]\,}i (121570 Min, departure Max. departure
189 0 ~2.5% (1200 K) —2.9% (1070 K)
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TasLe 455, KCI-UCls: Density (g cm™%)

Mol percent UCl;

T 100 74.5 67.5 371 25.6 11.7 2.4 0
1090 2,765 1.458
1100 2.753 1.453
1119 2,741 1.447
1120 2.729 1.442
1130 2.7116 1.968 1.437
1140 2,704 1.960 1431
1150 2.692 1.953 1.426
1160 2.680 1.945 1421
1170 2.667 1.937 1.636 1.416
1180 3.470 2.655 1.929 1.631 1410
1190 5.428 2.643 1.921 1.625 1.405
1200 3.386 2.631 1.913 1.620 1.400
1210 3.344 2.618 1.906 1.615 1.39%4
1220 © 3.962 3474 3.303 2.606 1.898 1.609 1.389
1230 3.882 3432 3.261 2.594 2.280 1.890 1.604 1.384
1240 3.803 3.389 3.219 2.582 2.266 1.882 1.599 1.379
1250 3.723 3.346 3.177 2.569 1 2.252 1.874 1.593 1.373
1260 3.644 3.303 3.135 2.557 2.239 1.867 1.368
1270 3564 3.003 2,545 2.225 1.850 1.263
1280 3.485 2.533 2211 1.357
1290 3.406 1.352
1300 3.326

Temperature-dependent equations

=a+ BT

Mol % UCls b+ 10%
0 2.0343 — 5.288
24 2.255 — 5.288
11.7 2.852 — 7.818
25.6 3.981 —13.827
37.1 4.099 ' —12.240
67.5 8.405 —41.819
74.5 8.700 —42.835
100 13.652 —79.430

These values are based on the work of Mochinaga et al. {pycnometric mecthod) {189].

KCI-UCl,

800 T I

_
KCI-UCl,

8 600 =
=
(3
o
2
o
3 400+ >~ L I
£ B - A ——
2 - _2T</m-ucn4 g‘r Ker3ucly
- 5
200 L ! 1 }" I 1 ! 1
&) 20 40 60 80 100
KCl ual,
Mol % UCI,

Ficure 81. Temperature-composition phase diagram for KCI-UCl.

C. J. Barton, A. B. Wilkerson, T. N. McVay, R. J.
Sheil, and W. R. Grimes. Oak Ridge National Labora-
tory, Phase Diagrams of Nuclear Reactor Materials,

R. E. Thoma, ed., ORNL~2548, p. 135 (1959).

Melt Preparation and Purification

Kuroda and Suzuki [52] prepared UCl; by the reaction
of carbon and chlorine with urano-uranic oxide at 850 °C.
The urano-uranic oxide was obtained from uranyl nitrate,
which was previously purified with tributylphosphate,
sodium nitrate and kerosene.

Bogacz and Ziolek [158] prepared and purified KCl
and UCl, using the procedure described under the
system CsCl-UCl,.

Desyatnik et al. [212] used recrystallized KCl, dried
in a vacuum for 1 hour at 770 °C. UCIl; was prepared

by chlorination of UO, with CCly. The product was twice

‘recrystallized and the melting point of UCl; was found

to be 587 = 2 °C.
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TABLE 456. Electrical conductance studies: KC:-UClL

TaBLE 456. Electrical conductance studies: KCl-UCL—Continued

Investigations critically re-examined
£

Deviations {from previous NSRDS recommendations: [1, p. 91

Ref. N}L?‘;ﬁ: Temp, range Comments Ref. NI[-(I}%]“}’o ! Min. departure Max. departure
52 | 19.0-100° | 723-1023 | Cell material: quartz U-tube; 52 100 —2.1% (873K) —6.0% (883 K)
. Pt electrodes; freq. range: 158 100 1.2% (870 K) —4.4% (890 K)
1000 Hz; calibration: *Graphical except for pure UCl..
iN KCl solution Comment: Kuroda and Suzuki [52] carried out conductivity meas-
158 | 45.62-100 | 793-1001 | Cell material: quartz U-tube; urement§ in an argon atmosphere since UCL is hygroscopic and
Pt clectrodes; freq. range: reacts with oxygen. ) . ] .
5,000-10,000 Hz (measurements _Bogacz and Ziolek {158 report their conductanc.e results in the
at 10.000 Hz) : calibration: form of equations of the type x = a + bt 4 ct® with the standard
KCl ,solutions’and fused deviations in the range 0.0 X 107% ohm™! em™! (95.53 mol %
KNO,, NaiNOs, and KCl UCL) to 30 x 107% ohm™! em™1 (64.35 mol % UCL). The
® ! overall error in the conductivity measurements did not exceed 0.5%.
TasLe 457. KCI-UClL: Specific conductance (ohm™! cm™1)
Mol % UCL
T 100.00 95.53 90.34 83.26 74.24 64,35 53.70 45.62
800 0.431
810 0.448
820 0.464
830 0.479 0.521
840 0.452 0.495 0.535 0.573
850 0.433 0467 0.510 0.548 0.588 0.626
860 0.445 0.482 0.524. 0.562 0.602 0.640
870 0.437 0.464 0.497 0.538 0.575 0.616 0.655
880 0.436 0.451 0.478 0.512 0.552 0.587 0.630 0.669
890 0.451 0.465 0.492 0.526 0.566 0.600 0.644 0.683
900 0.465 0.505 0.579 0.613 0.657 0.697
910 0478 0.517 0.592 0.625 0.669 0.711
920 0.492 0.682 0.724
930 0.505 0.737
940 0.518
950 0.530
960 0.542
970 0.554
980 0.565
990 0.576
1000 0.587
Temperature-dependent equations
k=a-+ bT 4+ T
Mol % UCL a b+ 108 ¢+ 108 Stand. dev.
45.62 —1.4352 3.3652 —1.1068 0.0001
53.70 —1.8769 4.3403 —1.6948 0.0002
64.35 —1.2444 2.8824 —0.9099 0.0003
74.24: —2.0232 4.4852 —1.7711 0.0001
83.26 —1.7850 3.7868 —1.3376 0.0002
90.34 —3.7786 82786 —3.9105 0.0002
95.53 - —3.9647 8.6262 —4.1001 0.0000
100.00 ~2.2782 4.6911 —1.8260- 0.0002

These values are based on the work of Bogacz and Ziolek (classical ac technique) [1581.

J. Phys. Chem. Ref. Date, Vol. 4, Na. 4, 1975



PROPERTIES OF CHLORIDES AND MIXTURES 1083

TABLE 458. Density studies: KCI-UCl -

Investigations critically re-examined

UCL Temp. range
Ref. Mol % ) Comments

158 | 4562-100 | 793-949 | Cell material: Pt ball and
. cuspension wire inside quartz

tube

i

Comment: Density data’in reference [158] were reported in the
form of linear temperature dependent equations with standard
deviations in the range: 1.0 X 107* g em™? (45.62 mol % UCl) 10
400 X 107% g cm™3 (95.53 mol % UCL). The total error in density
measurements did not exceed 0.2%.

TasLe 459. KCl-UCl,: Density {g cm™%)

- Mol % UCL
T 100.0 95.53 90.34 83.26 74.24 64.35 53.70 45.62
800 3.384
810 3.370 3.188
820 3.355 3.174
830 . 3.340 3.161
840 3425 3.326 3.148 2.996 o
850 : 3411 3.311 3.135 2.986 2.841
860 . 3.522 3475 . 3.398 3.296 3.122 2975 2.831
870 3.558 3.503 3.461 3.384 3.281 3.109° 2.964 2.822
880 3.539 3485 3447 3.370 3.267 3.096 2.953 2.812
890 3,519 3.466 3.433 3.357 3.252 3.083 2.943 2.802
900 3.500 3419 ) 3.070 2.932 2.793
910 3.480 3.405 3.056 2921 - 2.783
920 3.461 : T 2911 2773
930 3.441 2.764.
940 3.422
Temperature-dependent equations
p=a+bT
Mol % UCl a : b 10t ' Stand. dev.
45.62 3.6615 —9.654 0.0001
53.70 3.8979 —10.732 0.0004
64.35 4.2492 —~13.107 0.0003
74.24 45627 —14.728 . 0.0005
83.26 4.5715 —13.649 0.0009
90.34 4.6922 —14.150 0.0002
95.53 51147 —18.524 0.0040
100.00 5.2508 —19.455 0.0006

These values are based on the work of Bogacz and Ziolek . (Archimedean method} [158].

TaBLE 460. Surface tension studies: KCIl-UCI,

Investigations eritically re-examined

UClL Temp. range
Ret. Mol % 153 Comments

212 0-100 863-1173 | Cell material: Pt crucible

Deviations from previous NSRDS recommendations: [2, p. 50}

Ref. 1\2,(1:]% Min. departure Max. departure
212 0 —0.21% (1073K) —0.36% (1173K)
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TasLe 461. KCI-UCl:: Surface tension (dyn cm™1)

Mol % KC1

T 100.00 . 97.33 96.00 73.68 T 64.31 56.04 39.33 0
870 65.85
880 ! 65.72 50.73 42,15
890 ‘ 65.58 50.25 47.56 40.30
900 05.45 49.77 46.94 38.45
910 65.31 4929 46.32 36.60
920 : 65.18 48.81 45.70 34.75
930 | 65.04 51.69 48.33 45.08 32.90
940 64.91 51.60 47.85 44.47 33.05
950 64.77 51.51 47.36 43.84 29.20
960 64.64 5143 46.88 43.21 27.35
970 . 64.51 51.34 46.40 42.59
98U 64.37 5l.25 49.92 41.97
990 64.24 5117 45.44
1000 64.10 51.08
1010 63.97 50.99
1020 67.98 63.83
1030 ) 67.31 63.70
1040 66.64 63.56
1050 71.68 65.96 63.43
1060 70.79 65.29
1070 69.90 64.62
1080 98.05- 69.01 63.94
1090 97.27 68.13 63.27
1100 06.40 ¢ 62.60
1110 95.71 61.93
1120 94.93 61.25
1130 94.14 60.58
1140 93.36 59.91
1150 92.58 59.23
1160 91.80
1170 91.02
Temperature-dependent equations
y=a-4 bT
Mol % KCI a b+ 102 Stand. deviation
0 204.95 —18.500 0.02
39.33 102.83 —6.210 0.01
56.04 93.04 —4.808 0.01
64.31 59.73 —0.865 0.02
73.68 77.59 —1.349 0.01
96.00 136.65 —6.732 0.03
97.33 164,82 —8.871 0.02
100.00 i 182.51 —17.820 0.02

These values are based on the work of Desyatnik et al. (maxirﬁum bubble pressure method) {212],
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KCI-ZnCl:
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Ficure 82. Temperature-composition phase diagram for KCI-ZnCl..

L N. Nikonova, S. P. Paulenko and A. G. Bergman,
Dokl. Akad. Nauk. S.S.S.R., Ser. Khim., 391-400 (1941).

Ya. A. Ugal and Y. A. Shatillo, Zhur. Fiz. Khim., 23,
744-54 (1949).

F. Duko and R. A. Fleming, J. Electrochem. Soc., 104,
2514 (1957).

Melt Preparation and Purification

Pavlenko [28] prepared ZnCl, by dissolving electro-
lytic zinc metal in chemically pure, concentrated hydro-
chloric acid. The ZnCl, was dehydrated by heating the
material in a test tube with a current of dry HCI passing
through the melt. The-anhydrous product was transferred
to a platinum cup, crushed and finally stored in weighing
botiles.

Duke and Fleming [38] used Baker and Adamson
reagent grade crystalline KCl. “Bakers Analyzed broken
lump” ZnCl; was fused in a Pyrex test tube in a furnace
at about 400 °C. Predetermined quantities of the two
chloride salts were mixed and fused while a stream of HCI
gas was passed through the melt. Mixtures were analyzed
for Zn*" by the method of Loomis (T. C. Loomis, Ph.D.
thesis, Towa State College Library, Ames, Iowa, 1953).
Specially designed conductivity cells were used so that

 HCI gas conld be passed through the molt contained in the
cell and thus convert any ZnO formed by hydrolysis back
to the chloride.

Weeks [108] and Bloom and Weeks [197, 1997 used
B.D.H. KCI without further purification except for vacuum
drying at 400 °C for three hours. The purification of ZnCl,
is described under the system CsCl-ZnCl,.

Ellis et al. [240,78] dried KCI in an oven for 16 hours
at 150 °C to 220 °C. Zinc chloride was pre-dried by heat-
ing at 300 °C under vacuum for a period of 48 to 72
hours. The salt was then transferred to a Vycor flask under
a vacuum of 25 microns or better, and fused. Nitrogen

1085

followed by HCl gas was then bubbled through the melt
for several hours and, after the melt was cooled in an
atmosphere of HCI, the flask was flushed thoroughly with
N: gas. The anhydrous salt was transferred to a Mason
jar for storage.

TaBLE 462. Electrical conductance studies: KCI-ZnCl,

Investigalivis critically re-examined

ZnCl. Temp. range
Ref. Mol % 5 Comments
38 21-100 748-923 Cell material: Pyrex glass: Pt
electrodes; freq. range: 1000
Hz
108 36.8-100 510-890 Cell material: silica glass; Pt
electrodes; freq. range: 500
50,000 Hz; calibration: 0.1 and
1.0 demal KCI solutions
197* | 36.8-100 510890 Cell material and ealihration:
as for 108
Deviations from previous NSRDS recommendations: [1, p. 10]
Rel, I\%Z]C];e . Min. departure Max. departure
108 100 —3.0% (830K) —53.0% (627K)

*Equivalent conductivities were reported.

Comment: Weeks [108] reported a decrease in cell resistance of
0.1% from 0.5-100 KHz for molten ZnCl, and for mixtures with the
alkali chlorides. It was suggested by Weeks that the large differences
in conductivities for pure ZnCl. between [108] and Bockris et al.
(NSRDS-NBS-15) [1] have been due in part to the large frequency
extrapolation (~5%) used in the latter case. Weeks [108} reported
experimental specific conductivities and Bloom .and Weeks [197]
gave equivalent conductances in the form of Adam-Gibbs equations
A=Aexp (—B/TIn (T/To)).

Overall accuracy in the recommended values was reported to be
0.5% and 0.3% for pure zinc chloride and for mixtures, respectively.

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLe 463, KC1-ZnCl:: Specific conductance (ohm~1 cm~1)

Mol percent ZnCl.

T 100.00 '; 94.28 i 91.02 79.20 66.20 | 5300 45.90 36.80
510 l ] | 008876

530 l ) 0.09720 l 0.1275

550 . 0.1339 0.1692 0.1708

570 0.1734 0.2136 0.2201

590 0.009732 0.02176 0.1075 0.2155 0.2602 0.2704

610 0.002514 0.01781 0.03007 0.1391 0.2597 0.3089 0.3215

0630 0.004740 Q.UZ277L | 0.04181 0.1729 0.3060 0.3592 0.3133

650 0.008460 0.03951 0.05699 0.2088 0.3539 04109 0.4255

670 0.01399 0.05334 0.07561 0.2467 0.4031 0.4636 0.4779

690 0.02163 0.06928 0:09766 0.2865 04534 0.5170 L 0.5305

710 0.03171 0.08745 0.1231 0.3280 0.5044 0.5707 0.5830 0.5927
730 0.04454 0.1079 0.1521 0.3712 0.5559 0.6244 0.6352 0.6446
750 0.06042 0.1309 0.1844 0.4159 0.6076 0.6779 0.6871

770 0.07968 0.1563 0.2202 0.4620 0.6592 0.7307 0.7383

790 0.1026 0.1844 0.2595 0.5094 0.7104 0.7826 0.78089

810 0.1296 0.2152 0.3021 0.5580 0.7608 08332 | 08385

830 0.1608 0.2488 0.3482 . 0.6076 0.8103 08822 |  0.8869

850 0.1967 0.2854 0.3978 0.6582 0.8585 0.9293 0.9342

870 0.3250 0.4507 0.7097 0.0711 0.9800

890 0.3678 ;

Temperature-dependent equations
k=a-bT 4 cT2 4+ 4T3

Mol % ZnCl. a b 10° ¢« 10° d -+ 10° Stand. error of est.
36.80 —1.2500 2.5953 0 0 0.13%
45.90 —0.1469 —2.3679 7.3232 —3.5718 0.41%

53.00 1.1202 —17.6752 14.5618 —6.8193 0.40%
66.20 1.1729 —7.5411 . 13.6490 —6.1321 0.19%
79.20 0.7195 —4.4323 7.1719 —2.4026 1.32%
91.02 1.3224 —4.7385 4.2950 0 2.55%
94.28 0.1026 0.0675 —1.6401 2.1337 3.69%
100.00 —0.9757 5.5534 —10.4507 6.5176 1.30%

These values are based on the data of Weeks (classical ac technique) [108].

TaBLE 464. Density studies: KCI-ZnCls

Investigations critically re-examined

ZnCl: Temp. range
Ref. Mol % Is) Comments

28 | 0-100 593-835 Cell material: Pt sphere, Pt
suspension wire; calibration:
molten KNO;, LiCl and NaCl

38 18.9-100 715-988 Cell material: Pt sinker
8 0-100 573-1330 | Cell material: Pt bob

108 5$8.4—-100 500—881 Cell material: silica pycnom-
eter; calibration: water

165 50 773-973
187 | 40.1,60.9,
80.3, 90.0,
96.9 590-1057

193 20~100 873,973
194 | 38.4-100 | 506-881

199 | 0-100 (g) 873 Cell material: silica pycnom-
eter: calibration: water

240 Cell material: Mo capillary
: (max, bubble pressure
method) ; calibration: tin/
p-terphenyl

J. Phys. Chem. Ref. Daia, Vol. 4, No. 4, 1975
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TaBLE 464. Density studies: KC1-ZnCle—Continued
Comparisons with NSRS recommendations:
[1, pp. 5, 10 and this volume]
Ref. 1&21(‘ l;o Min. departure Max. departure
28 100 0.0% {669K) —0.04% (728K)
38 100 —0.08% (723K) —0.63% (910K)
78 100 —0.76% {(660K) —1.07% (800K)
108 100 ‘—0.08% (683K) 0.40% (600 K)
193 100 —0.21% (8T3K)
28 100 0.12% (781K) 0.20% (718K)
28 65 —0.04% (710K) —0.22% (617K)
28 0 —0.89% (1167K) —112% (1071K)
78 0 —1.049 (1200 K) —1.33% (1090 K)
Comment: Density measurements in references {108, 199] were
corrected for thermal expansion of the silica pycnometers and the
total correction was 0.05-0.1%. The overall accuracy was reported to
be between 0.05% and 0.1%. Weeks [108] reported experimental
density values while Bloom and Weeks [199] gave results in the
form of linear temperature dependent equations with standard
deviations in the range: 0.37 X 1073 g cm™3 (72.4 mol % ZnCl:z} to
347 X 10 ®*goem ® (954 mol % Znlls).
TasLe 465. KCl-ZnCl.: Density (g em™3)
Mol percent ZnCl.
7 100.00 97.52 95.43 93.70 90.40 83.70 72.40 65.20 57.80 53.90 47.40 38.40
520 2.333 2.299
540 2.319 2.284 2231
560 2.406 2.360 2.304 2.270 2.217
580 2.515 2455 2.392 2.345 2.290 2.255 2.204
600 2.520 2.511 2.504 2,489 2.470 2443 2.378 2.331 2.275 2.241 2.190
620 | 2509 2.500 2.492 2.478 2459 2430 - 2.364 2.317 2.261 2227 2.176
640 | 2499 2.489 2.481 2467 2448 2417 2.350 2.302 2.247 2.212 2.162
G660 | 2488 2.478 2.470 2.456 2.437 2.405 2.336 2.288 2.232 2.198 2.148
680 2478 2.466 2.459 2.445 2425 2.392 2.322 2.274 2.218 2.183 2.134
700 | 2467 2.455 2.448 2434 2414 2.379 2.308 2.259 2.203 2.169 2.120
720 | 2456 2.444 2.436 2.423 2.403 2.366 2.294 2.245 2.188 2.155 2.106 2.034
710 | 2446 2.433 2.425 2.412 2,392 2.354 2.280 2.231 2174 2.140 2.092 2,021
760 | 2435 2.422 2414 2.401 2.380 2.267 2.216 2.160 2.126 2.078 2.008
780 | 2425 2.403 2.369 2.253 2.202 2.145 2.111 2.064 1.994
800 | 2414 2.391 2.239 2.187 2.131 2.097 2.050 1.981
820 | 2403 2.380 2.225 2173 2.116 2.083 2.036 1.968
840 2.369 2.211 2.159 2.102 2.068 2.022 1.955
860 2.358 2.197 2.144 2.087 2.054 2.008 1.942
880 2.130 2.073
Temperature-dependent equations
p=ea+bT
Mol % ZnCl:} a b+ 103 Stand. error of est.
38.40 2.5092 —0.0600 0.03%
4740 2.6084 —0.6982 0.03%
53.90 2.6727 —0.7197 0.05%
57.80 2.7097 —0.7239 0.05%
65.20 2.7610 ~—0.7169 0.03%
72.40 2.7976 —0.6989 0.02%
83.70 2.8246 —0.6364 0.02%
90.46 2.8079 —0.5627 0.04%
93.70 2.8164 —0.5465 0.05%
95.43 2.8401 —0.5608 0.14%
97.52 2.8440 —0.5552 0.05%
100.00 2.8375 —0.5293 0.09%

These values are based on the work of Weeks (pycnometric method) [108].
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TaBLe 466. Surface tension studies: KC1-ZnCl.
Investigations critically re-examined
Ref. T\ZIEI(KO ']‘(‘mpi."lj'ange Comments
187 40.1-100 573-1073 | Cell material: Capiliary of
89%Pt~11%Ru alloy; melt
contained in Pt crucible;
calibration: capillary diameter
measurcd with microscope
318 12.2-89.5 6501158
Comparison with NSRDS recommendations (this volume]
Ref. DZTgICZo Min. departure Max. departure
318 0 —1.1% (1148K) —2.44% (1158K)
318 100 —20.27% (848K) —23.19% (948K)
Tapre 167. KC1-ZnCl:: Surface tension (dyn cm ™)
Mol percent ZnCl.
T 100.0 96.9 93.3 86.6 80.3 60.9 40.1
560 81.2
580 59.3 58.2 80.6
600 585 37.3 58.3 62.9 79.9
620 57.7 57.1 58.3 62.9 79.3
640 57.0 56.9 58.3 62.8 78.6 100.2
660 56.3 56.7 53.3 58.3 62.7 77.9 99.1
680 55.7 56.5 55.7 58.3 62.5 77.1 98.0
700 55.1 56.2 56.0 58.2 62.3 764 96.9
720 54.5 56.0 56.3 58.1 62.1 75.6 95.8
740 54.0 35.8 56.4 58.0 61.8 74.8 94.6
760 53.6 55.5 56.4 57.8 61.5 74.0 93.4
780 53.2 55.2 56.4 57.7 61.1 73.2 92.3
800 52.8 55.0 36.2 57.5 60.7 724 91.1
820 52,5 54.7 56.0 57.2 60.1 71.5 89.9
84¢ 52.3 544 35.7 57.0 59.7 70.6 88.7
860 52.0 54.1 55.2 56.7 59.1 69.8 87.4
880 51.9 53.8 54.7 56.4 58.5 08.8 86.2
900 51.7 53.5 54.1 50.1 57.9 67.9 84.9
920 51.7 53.1 53.4 55.7 57.2 67.0 83.7
G40 51.6 52.8 52.6 55.4 56.5 06.C 82.4
960 51.6 51.7 55.0 55.7 65.0 8l.1
980 5.7 50.7 54.9 64.0 79.8
1000 49.6 54.0 63.0 ! 78.4
1020 61.9 711
1040 75.8
Temperature-dependent equations
=a- 6T+ cT?
Mol 9% ZnCl, a b.e 10® ¢+ 10° Stand. error of est.
C 40l 128.3456 —3.3339 —1.6569 0.77%
60.9 91.3691 —0.5041 —2.3374 1.16%
80.3 43.2450 6.5717 —5.4958 0.73%
86.6 45.5907 4.0180 —3.1594 6.91%
93.3 —11.3582 17.8578 —11.7600 1.18%
96.9 58.7231 0.4508 —1.1502 0.79%
100.6 103.5767 —11.0131 5.8369 3.13%

These values are based on the work of Ellis (maximum bubble pressure method) [187],
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LaClz-LaCl:s
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Frcure 83. Temperature-composition phase diagram for LaCls-LaCls.

F. S, Keneshea and H. Cubiccio, J. Chem. Eng. Data,
6, 507 (1961).

1089
. Melt Preparation and Purification

Pure lanthanum trichloridé was prepared by Smirnov et
al. [111, 99] by dissolution of analytical grade lanthanum
oxide in analytical grade hydrochloric acid. After the solu-
tion was concentrated with an excess of NH,CI, the tem-
perature was gradually raised to 600 °C and the salt was
then melied in a quartz tube under vacuum. Analysis
showed 56.59% La*? and 42.91% Cl— (purity of the salt
99.93% with respect to La and 98% with respect to Cl).
Equilibrivm mixtures of lanthanum and its di- and tri-
chlorides (containing ~86 mol % LaCl; and 14 mol %
LaClz) were prepared before each experiment in a molyb-
denum crucible by reduction of the molten LaClz with an
excess of metal at 1000 °C in an atmosphere of dry argon
or helium.

TaBLE 468. Density studies: LaCl.-LaCl,

Investigations critically re-examined

. LaCls Temp. rance
Ref. Mol % (1)
111 14 1158-1328
TabLe 469. LaCla-LaCls: Density (g cm—2)
Mol percent LaCls Mol percent LaCl;

T 4 T 14
1160 3.763 1250 3.686
1170 3.755 1260 3.677
1180 3.746 1270 3.669
1190 3.738 1280 3.660
1200 3.929 1290 3.652
1210 3.720 1300 3.643
1220 3.712 1310 3.63¢
1230 3.703 1320 3.626
1240 3.695

Temperature-dependent equations
p=a- bl
Mol % LaCl a b+ 10°
14 4.761 I —0.860

These values are based on the work of Smirnov et al. (Archi-
medean method) [111].

TaBLE 470. Viscosity studies: LaCl,-LaCls

Investigations critically re-examined

Ref. I\I/fz lC]‘;& Temp. range Comments
929 14, 100 1150-1265 | Cell material: Mo sphere, steel

suspension wire, crucible
containing salt was placed in a
quartz tube; calibration:
organic liquids and fused NaCl
used to check reliability of
apparatus

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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Tasre 471, LaCl.LaCly: Viscosity (cp) TanLe 473. LaCl.-LaCls: Surface tension {dyn em™)
Mol percent LaCl; Mol percent LaCls
T 100 14 T 100 14
1150 ) 3.09 1170 118.1
1160 2.93 1180 ’ 116.8
1170 2.79 1190 115.5
1180 2.65 1200 114.3
1190 5.14 2.52 1210 113.0
1200 4.91 240 1220 111.8
1210 4.69 2.29 1230 110.5
i220 449 2.19 1240 109.2 120.4
1230 4.29 2.09 1250 108.0 119.5
1240 411 1.99 1260 106.7 1185
1250 3.94 1.9 1270 117.6
1260 3.7¢ 1.82 1280 116.6
Temperature-dependent equations 1290 1156
=4+ exp (E/RT) 1300 a7
i ' 1310 1137
Mol % LaCls A 107 E (cal mol™} 1320 : 112.8
14 0.733 13806 1330 [ 118
100 2.061 13049 Temperature-dependent equations
These values are based on the work of Smirnov et al. (oscillating y=a+bT
sphere method) [99]. Stand.
Mol % LaCls a b+ 102 error
of est.
14 239.7 —9.615 0.10%
TaBLE 472. Surface tension studies: LaCle-LaCls 160 265.8 —12.628 817%

Investigations critically re-examined

Ref. IVIfglCZ’}o Tem%)i.;ange Commente
248" | 14,100 | 1165-1334 | Cell material: Mo crucible and

capillary; calibration:
apparatus tested using molten
NaCl

*Smirnov et al. [248] reported that the only material found to bhe
stable in contact with a molten LaCl-LaCl; mixture was molyb-
denum.

J. Phys. Chem, Ref. Data, Vol. 4, No. 4, 1975

These values are based on the work of Smirnov et al. (maximum
bubble pressure method) [248].

LaCls-LiCl
Melt Preparation and Purification

The preparation of pure LiCl by Smirnov and Stepanov
[176] is discussed under the CsCl-LiCl system. Lanthanum
trichloride was prepared [154,176] as discussed under
the LaCls-LaCly system.

Smirnov and Khokhlov [173] purified their LiCl by
double recrystallization from distilled water followed by
drying in a low-pressure argon atmosphere. The hexahy-
drate salt of LaCl; was dried with NH,Cl and fused in an
argon atmosphere. The pure salts were stored over P»Oj;
in a desiccator.

TABLE 474. Electrical conductance studies: LaClsLiCl

Investigations critically re-examined

Ref. M]-;)ilu‘l%: Lemp. range Comments
154 0-89.96 1073-1223  Cell material: Alundum

crucible inside sealed quartz
tube; electrodes: Mo wire;
freq. range: 50,000 Hz;
calibration: molten KCI

Deviations from previous NSRDS recommendations: [1, p. 81

Ref. Mlglc‘]?b Min. departure ! Max. departure
154 0 —15.5% (1140K) ‘ —16.7% (1220K)

Comment: Smirnoy and Khokhlov [154} report their results in
the form of linear temperature dependent equations with standard
deviations in the range: 2 X 1073 ohm™! em™! (0 mol % LiCl) to
14 X 1072 ohm™* cm™* (70.37 mol % LiCl).
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TasLe 475. LaCle-LiCl: Specific conductance {ohm ™ ¢cm™!)
Mol % LiCl
T 100 89.96 79.94. 70.37 60.00 46.98 34.99 19.97 0
1080 6.640 4.666 3.736 3.093 2.598 2.056 1.688 1.391
1090 6.679 4.707 3.767 3.124 2.629 2.089 1.720 1.424
1100 6.716 4.747 3.798 3.155 2.656 2.122 1.753 1.457
1110 6.753 4.788 3.829 3.186 2.684 2.155 1.786 1491
1120 6.789 4.829 3.860 3.218 2.713 2.188 1.818 1.524
1130 6.824 4.870 3.891 3.249 2.741 2.221 1.851 1.557
1140 - 6.858 4911 3022 2.280 2.770 2.254 1.883 1.590 1.248
1150 6.890 4.951 3.953 3.312 2.799 2.287 1.916 1.624 1.273
1160 6.923 4.992 3.985 3.343 2.827 2.320 1.949 1.657 1.299
1170 6.954 5.033 4.016 3.374 2.856 2.353 1.981 1.690 1.325
1180 6.985 5.074 4.047 3.405 2884 9.385 2,014 1724 1.350
1190 7.014 5.115 4.078 3.437 2.913 2.418 2.047 1.757 1.376
1200 7043 5.155 4.109 3.468 2.942 2451 ! 2.079 1.790 1.402
1210 7.070 5.196 4,140 3.499 2.970 2484 ! 2.112 1.824 1.427
1220 7.097 5.237 4171 3.531 2.999 2.517 2144 1.857 1.453
1230 7.123 .
1240 7.148
1250 7.172
1260 7.195
1270 7.217 !
Temperature-dependent equations
k=a -+ bT 4 ¢T?
Mol % LiCl a b 10° c g Standard deviation
0 —1.673 2.562 0 0.002
19.97 —2.206 3.330 0 0.006
34.99 —1.835 3.262 0 0.010
46.98 —1.497 3.290 0 0.007
60.00 —0.492 2.861 0 0.004
70.37 —0.287 3.129 0 0.014
79.94 —0.374 3.113 v 0.009
89.96 —0.259 4.080 v 0.009
100 —2.885 13.738 —4.554 0.008

These values are based on the work of Smirnov and Khokhlov (classical ac technique) [154].

TaBLE 476. Density studies: LaCls-LiCl

Investigations critically re-examined

LiCl

Ref. Mol %

Temp. range

Comments

176 11.4-100

1073-1173

Cell material: Mo or Pt
capillary tube and crucible

Comment: Smirnov and Stepanov report their density data in the
form of lincar temperature dependent equations with standard devia-

tions of =0.002 g cm™3 [176].
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TaBLE 477. LaCl.-LiCl: Density (g ecm ™% + Tasri 479, LaCl.-LiCl: Viscosity (cp)
Mol % LiCl ) Mol % LiCl
T 100 87.7 *| 75.8 63.2 50.7 388 | 25.0 11.4 T 75.8 l 50.7 AL 25.0 0.0
880 | 1.504 1060 2.14 353 |
900 | 1.495 1070 2.07 3.40 5.58
920 | 1.486 1080 2.00 3.28 5.33
940 | 1.477 1090 1.94 3.16 5.09
960 | 1.469 1100 1.88 305 487
980 | 1.460 1110 1.83 295 4.67
1000 | 1.451 1120 1.78 2.85 4.47
1020 | 1.442 ‘ 1130 173 2.76 4.29
1040 | 1.433 - 1140 1.68 2.67 412
1060 | 1.424 1150 1.63 2.58 3.96 6.35
1080 1.881 | 2.208 | 2.468 }2.66¢ | 2.823 1 2975 | 3.104 - 1160 1.59 2.50 3.R0 600
1090 1.876 | 2.203 {2.464 | 2.664 | 2.818 | 2.970 | 3.099 1170 1.55 242 3.66 5.68
1100 1.872 | 2.198 | 2.459 |2.659 | 2.813 | 2.965 | 3.093 1180 1.51 235 . 3,52 5.38
1110 11.867 | 2.194 | 2.454 {2,655 | 2.808 [ 2.959 | 3.087 1190 5.11
1120 1.862 §2.189 2450 | 2.650 | 2.803 { 2.954 | 3.082 1200 4.85
1130 1.858 |2.185 |2.445 |2.645 | 2.798 | 2.949 | 3.076 1210 461
1140 1.853 ;2.180 |2.440 [2.640 | 2.793 | 2.944 | 3.070 1220 4.3§
1150 1.849 | 2,176 | 2435 | 2.636 { 2.788 | 2.939 | 3.065 1230 4.17
1160 | . 1.844 12,171 (2431 | 2,631 | 2.783 | 2.933 | 3.059 1240 3.97
1170 1.839 12167 | 2.426 | 2.626 | 2.776 | 2.928 | 3.054 Temperature-dependent equations
Temperature-dependent equations 7=A*exp (E/RT)
p=a-+4 bT . E .
Mol % Lic] - T 1o Mol % LiCl A 102 (cal/mol) Stand. Deviation
11.4 3.710 561 0.0 0.984 14782 0.02
250 ! 3.540 —593 25.0 4.046 10473 0.02
38.8 3372 —508 50.7 6.486 8418 0.02
50.7 3174 468 75.8 6.887 7233 0.U3
63.2 2976 —4.70 These values are based on the work of Smirnov and Khokhlov
75.8 2.699 —4.55 {oscillating sphere method) [173].
81.7 2.381 —4.63
100 1.8965 —4.458
These values are based on the work of Smirnov and Stepanov LaCls-NaCl
(modified maximum bubble pressure method) [176]. The tempera-
ture range for density data over the concentration range 114 to {200 o Em— T T
87.7 mol % LiCl was assumed to be the same as that reported for )
the surface tension data in reference [176]. LaCl3- NaCl
oo -
TaBLE 478. Viscosity studies: LaCls-LiCl
Investigations critically re-examined
LiCl Temp. range ~ 1000 -
Ref. Mol % X(JT) & ' Comments ¥
173 0, 25.0, 1160-1245 | Cell material: Mo sphere, steel o
50.7, 75.8 suspension wire, melt contained 5
: ) N . 2 800
i in a Pt or Mo crucible; calibra- 4
i tion: method tesied by measure- e
ments on organic liquids and g
fused NaCl - 800 798° a
Deviations from previous NSRDS recommendations: [1, p. 8]
Ref. T\EIC}% Min, departure Max. departure 700 - i
173 0 —0.59% (1190 K) —3.40% (1240 K)
Comment: Experimental details concerning reference [172] are . . . .
discussed under the CsCl-LaCls system. 800
[o} 20 40 60 8C 100
LaCly NaCl

Mole % NaCl

Ticure 84. Temperature-composition phase diagram for LaCls-NaCl.

G. I. Novikov and A. K. Baev, Izv. Akad. Nauk S.S.S.R.
22, 116 (1961).

3
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Melt Preparation and Purification
The preparation of LaCl; by Forthmann et al. [186] is
described under the system KCI-NdCls, while that used by
Cho and Kuroda [220] is described under the system
KCl-LaCls.
TaBLE 480. Electrical conductance studies: LaCls-NaCl
Investigations critically re-examined
NaCl Temp. range .
Ref. Mol % (1) Comments
186 | 0-100 (g) 1185 Cell material: quartz capillary
cell; Pt electrodes; freq. range:
100,000-250,000 Hz: calibra-
tion: molten NaCl, KCl
and CsCl
220 15-100 1060-1260 | Cell material: quartz capillary
cell; Pt electrodes; calibration:
molten KCI
TasiE 481. LaCli-NaCl: Specific conductance (ohm~* cm™1)
) Mol percent NaCl
T 100 86.83 79.13 66.70 54.89 44.98 29.78 15.14
1070 1.260
1080 1.291
1090 2,012 1.321
1100 . 2036 . 1351
1110 ! 2.059 1.558 1.312 1.379
1120 3.404 2.082 1.587 1.346 1.407
1130 3.417 2.104 1.616 1.379 1.435
1140 3.431 2.126 1.644 1411 1.461 1.188
1150 3.446 2.148 1,670 1.442 1.487 1.228
1160 3.461 2.168 1.696 1.472 1.511 1.264 1.114
1170 3.478 ' 2,188 1.720 1.501 1.535 1.296 0.811 1.170
1180 3.495 2.208 1.743 6: 1.528 1.559 1.325 0.827 1.196
1190 3.514 2227 1.765 5 1.555 1.581 1.351 0.844 1.222
1200 3.533 2.246 1.786 i 1.580 1603 1.373 0.861 1.247
1210 2.264 1.806 1.605 1.391 0.877 1.273
1220 2.281 1.825 1.628 1.406 0.894 1.298
1230 1.324
1240 1.349
1250 1.374
1260 1.399
Temperature-dependent equations
k=a 4 bT -+ cT?
Mol % NaCl a b+ 103 ¢+ 10°
15.14 — 15372 _ 3.453 — 0484
29.78 . — 0.8995 2.13% — 0.259
44.98 —15.9240 35.321 —17.974
54.89 — 3.7242 9.364 — 3.902
66.70 — 5.3039 12.352 — 5.313
7913 — 4.8636 12.310 — 3.541
86.83 — 1.7952 6.892 — 2732
100.00 5.5935 —6.419 4.527

These values are based on the work of Cho and Kuroda (classical ac technique) [220].

TasLE 482. Density studies: LaCl,-NaCl

Investigations critically re-examined

NaCl Temp. range
Ref. Mol % o Comments
220 15-100 1090-1280 | Cell material: quartz vessel;
calibration: molten KCl

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLE 483. LaCls-NaCl: Density (g em™%)
Mol percent NaCl
T 100 95.01 86.83 : 79.13 66.70 34.89 44.98 29.78 15,14
1090 | 2008
1100 2.092
1110 1.666 2.086
1120 1.661 2.081 2.635
1130 1.656 2.075 2.629 3.035
1140 1.520 1.650 2.069 2.490 2.623 2.883 3.028
1150 1.515 1.645 2.064 2483 2.617 2.877 3.021
1160 1.010 1.640 2.058 2.350 2.476 2,611 2871 3.014
1170 1.503 1.634 2.052 2.343 2.469 2.606 2.864 3.007
1180 1.500 1.629 1.832 2.047 2.336 2,463 2.600 2.858 3.001
1190 1.495 1.624 1.825 2.041 2.330 2.456 2.594 2.852 2.994
1200 1.490 1.619 1.817 2.035 2.323 2.449 2.588 2.845 2.987
1210 1.485 1.613 1.809 2.030 2.316 2442 2.582 2.839 2.980
1220 1.481 1.608 1.801 2.024 2.310 2436 2.577 2.833 2.974
1230 1.476 1.603 1.793 2.018 2.203 2429 2.571 2.967
1240 1.471 1.597 1.785 2,013 2.296 2.422 2.565 2.960
1250 1.466 1.592 L7771 2.007 2.290 2416 2.559 2.953
1260 1.587 e 1769 2.001 2.283 2.553 2.946
1270 | sz | 176 2277
‘I'emperature-dependent equations
r=a-+ bT
Mol % NaCl a b+ 108
15.14 3.6154 —0.6779
29.78 3.4319 —0.6330
44.98 3.1250 —0.5792
54.89 3.0733 —0.6734
66.70 2.9382 —(.6638
79.13, 2.5623 —G.5687
86.83 2.5542 —0.7959
95.01 2.1079 —0.5280
100.00 1.9517 —0.4977

These values are based on the work of Cho and Kuroda (dilatometric method) [220].
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LaCls-RbCl

Melt Preparation and Purification -

The preparation of LaCl; by Forthmann et al. [186]
is described under the system KCI-NdCl,.

1095

TaBLe 484. Electrical conductance studies: LaCl-RbCl

Investigations critically re-examined

T

) RbCl Temp. range R
Ref. Mol % g Commenta‘
186*"10-100 (g) 1195 Cell material: quartz capillary

cell; Pt electrodes; freq. range:
100,000-250,000 Hz; calibra-
tion: molten NaCl, XCl and
CsCl1

*Equivalent conductivities were reported.
"Refor to system KCI-NdCI.

TasLe 485. LaCls-RbCl: Molar conductance (ohm™* em? mol™?)

Mol % LaCls 1195 K Mol % LaCls 1195 K
¢ 122, 60 80.0
10 112, 70 817
20 102. 80 88.3
30 93.2 90 105.
40 86.3 100 126,
50 82.0

These values were interpolated to three significant figures from the graphical presentation of Forthmann, Vogel and Schneider (classical -ac

technique) [186].

LiCl-MgCl:

T T T T = T T

LiCl-MgCl,

700~

6501~

{°c)
T——

Temperature

600

0] 20 40 60 80 100
MgCl,

Mol % MqgCl.

<
Ficure 85. Temperature-composition phase diagram for LiCl-MgCl..

C. Sandonnini, Atti della Reale Accad. dei Lincei, (5}
22, I; 629 (1913).

E]

Melt Preparation and Purification

Matsushima and Ito [77] purified the chloride salts by
introducing 400—600 grams of sample into a quartz vessel
followed by drying in vacuum for 12 hours at 150 °C,
3 hours at 400 °C and a final drying at a temperature
slightly above the melting point. The molten salt was swept,
first with dry HCI gae for 2 hours, then argon for 30
minutes followed by evacuation for 30 minutes. Samples
were sealed under argon in quartz tubes. Magnesium
chloride and lithium chloride, purified by the above pro-
cedure, were mixed in a desired composition and further
purified in an identical manner.

Lillebuen [130] and Grjotheim [133] used Baker p.a.
LiCl (min. 99.8%) which was dried by slowly heating to
400 °C under an inert gas atmosphere. The preparation of
pure MgCl; is described under the system CaCls-MgClo.

TasLE 486, Electrical conductance studies: LiCl-MgCl,

Investigations critically re-examined

MgCl.

Temp. range

Ref. Mol % (7 Comments
el 4.7-40 898-1148 | Cell material: Pyrex capillary

cell; Pt electrodes; freq.
range: 1000-20,000 Hz; calibra-
| tion : molten KCl

*Matsushima and Ito [77] found a change of =0.03% in the cell
constant of their conductivity cell before and after cach experiment.
The ¢flect of temperaturc on the ccll constant (=1000-2000 ¢cm™1)
was about 0.15% in the temperature range 1063-1173 K and the
change due to frequency was £0.03% in the range 1000-20,000 Hz.
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Tannr $A7 LICEMeCLe Specilic conductanee tobnge P em™) TaBLE 488. Density studies: LiCl-MgCl.
T Mol percent MgCla o Investigations critically re-examined
T 40.0 30.0 20.0 [\ 16.0 10,0 T‘ a3 Rel. T{\f‘ﬁ(‘}/o Te"’{’;ﬁa“ge Comnnents
2. 3.2 ! 37 | 490 | 547 ' -
g;g 9 g; ;32 :gg . 222{ 4 35 5 Sé s 4.7-40 898-1148 | Cell material: quartz bob
930 2.94 3.36 413 4.46 5.00 557 and ‘{“‘“%“: "eslst“
940 2.98 3.40 417 4.51 5.05 5.62 . containing nie
950 3.0 343 421 4.55 5.10 5.67 130" 0-100 902-1125 | Cell material: P1-10%Rh
960 3.05 347 4.26 4.59 5.4 5.72 sinker and Pt-10%Rh
970 3.08 3.51 4.30 463 | 519 5.77 suspension wire; calibra-
980 3.11 3.54 4.34 4.67 5.23 5.81 tion: water
990 3.14 3.58 4.38 4.71 527 5.86 ) )
1000 318 3.61 441 4.75 5.31 5.90 13304 0-100 1073 Cell material and cali-
1610 321 | 365 445 4.79 5.35 5.94 bration: as for 130
:1[353 g;g z?? 2?2’ igi’ Ezg ?3; 1906 0-100 {g) 918-1183 Cell matenal: Pt sphere;
. . . .86 5. . PR N
1040 | 329 | 374 | as5 | 49 | 546 | 6.06 L calibration: mol:en NaCl
1050 3.32 3.77 4.59 4.93 5.50 6.10 Deviations from previous NSRDS recommendations: [1, pp. 4. 6]
3¢ -8 X : 5.5¢ 613 «Cl. I A
%828 gg; ggg igé igg 2 gg 6] 17 Ref. {\’I{:lc(;; Min, departure Max. departure
T | dan | 385 ) 4GB B0Z ) 860 60 130 | 100 030% (1017K) | 0.49% (109 K)
e gg ol il 522 ggg 130 | 0 041% ( 933 K) 0.62% (1015 X)
1110 3.47 3.93 4.76 5.10 5.68 6.29 *Matsushima and Ito [77] noted that no corrosion of their quartz
1120 3.49 3.05 4.78 5.13 5.71 6.31 bob or vessel occurred providing the salts had been thoroughly
1130 3.51 3.98 4.81 5.15 5.73 6.34 purified.
- - “Lillebuen [130] and Grjotheim et al. [133] used an apparatus
T"nm"m""'dpm"ﬂrt equations similar to the one described by Janz and Lorenz (Rev. Sci. Instr,
k=a+4 bT + cT? 31, 18, 1960) in which a pin of known dimensions was fixed 1o the
Mol % MgCl. a b 10° ¢+ 10% lower end of an Archimedean density bob, thus permitting simul-
47 _5.000 17572 667 taneous measurement of surface tension and density. Corrections
10‘0 —4.811 16.234 —6.11 were applied for the efficot of surface tension and for cxpansion of
]6.0 _4.374 14-.4‘66 _5'54 the suspension wire. Density measurements were reproducible to
20'0 _4.712 14‘526 _5‘40 within +0.3% and total corrections on the observed densilies were
30:0 _-4:007 11.879 ——4t26 hetween 0.3 to 0.4%.
40.0 _3717 10.692 —3.80 “Mixtares reported graphically.

These values are based on the work of Matsushima and Tto
{classical ac technique) [77].

"Data from reference [130].

TapLe 489. LiCl-MgCl.: Density (g em™?)

Mol percent MgCl.

T 100 774 56.4 5.4 30.8 18.0 5.7 0.0
910 ! 1.495
920 1491
930 1487
940 1.483
950 1.479
960 1475
970 1.705 1471
980 1.701 1.669 1.637 1.550 1467
990 1.696 1.664 1.632 1.545 1.463

1000 1.602 1.659 1.627 1.540 1.459

1010 1.687 1.654 1.623 b 1535 1.455

1020 1674 1.683 1.649 1618 1577 | 1530 1.451

1030 1671 1.679 1.644 1614 1572 1.525 1.494 1447

1040 1.668 1.639 1.609 1.566 1.520 1485 1443

1050 1.666 1.634 1.004 1.561 1.515 1.477 1.439

1060 1.663 1.629 1.600 1.555 1510 1.468

1070 1.660 1624 1.505 1.550 1505 1459 |

1080 1.658 1.560 1544 1.500 1450

1090 1.655 1.530 1.141

100 1.533 1432

1110 1.528 1.423

1120 1522 1414
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TapLe 489.  LiCl-MgCl.: Density (g em™*) —Continued

Temperature-dependent equations

p=a-+ bT ]
. . -Stand. error
Mol % MgCl. a b+ 10¢ of est.
0.0 1.8561 —3.9698 . 0.13%
5.7 24116 —8.9056 0.05%
18.0 2.0351 —4.9534 0.02%
30.8 2.1408 —5.5248 0.02%
45.4 2.0892 —4.6178 0.04%
564 2.1623 —5.0348 0.049%,
714 2.1334 —4.4146 0.02%
100.0 1.9483 —2.6917 0.03%
These values are based on the work of Lillebuen {Archimedean method) [130].
Tasre 490. Viscosity studice: LiCl-MgCl:
Investigations critically re-examined
MgCl. Temp. range
Ref. Mol % n
88 0-100 933-1143
Deviations from previous NSRDS recommendations: [1, p. 4]
Ref. BI}JOEIC%: Miu. depastuie Max. departure
88 0 —1.2% (911 K) 9.6% (1023 K)
TasLe 491. LiCl-MgCl.: Viscosity (cp)
Mol percent MgCls
T 100 71.6 50.9 40.0 30.8 229 19.3 16.0 10.0 7.3 4.7 4]
920 1.42 1.52
930 1.65 1.39 1.33 1.47
940 - 2.04 1.61 1.50 1.5 1.46 1.47 1.36 1.32 1.42
950 1.98 1.58 1.47 1.50 142 141 1.34 1.30 1.38
960 1.92 1.63 1.54 ) 145 145 1.38 1.36 1.30 1.31 1.28 1.34
970 1.87 1.58 1.50 142 1.41 1.35 1.32 1.29 1.27 1.25 1.30
980 1.82 1.53 147 1.40 1.37 1.31 1.28 1.28 1.24 1.22 1.26
990 1.76 1.49 143 1.37 134§ 127 1.25 1.26 1.20 1.19 1.23
1000 1.71 145 1.39 1.34 1.31 1.24 1.23 1.23 1.17 1.15 1.20
1010 2,16 1.67 141 1.36 1.32 1.28 1.20 1.20 1.19 112 1.17
1020 2.10 1.32 1.26 1.16 1.19 1.15 1.14
1030 | 2.04 1.29 1.10
1040 | 198
1056 s 1.93 %
1060 © 188 ;
1070 | 1.83 ]
1090 ¢ 179 ;
1100 § 175
e ¢t o1n
120 . 167
1130 { 1.63
1140 | 160
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TanLe 491, LiCl-MgCle: Viscosity (cp)—Continued

Temperature-dependent equations

g =a-4 bT 4 cT*

Mol % MgCl. a b 102 c v 10° ‘:na(;xfclé s(:'ror
0 18.0426 —3.0698 1.3850 0.41%
47 —185213 4.3588 —2.3921 0.23%
7.3 — 2.7743 1.1627 —0.7685 0.60%
10.0 —33.0602 7.1770 —3.7482 1.95%
16.0 30.3873 —5.5918 2.6756 2.44%
19.3 4.9416 —0.3706 0 2.19%
22.9 244338 —4,3455 2.0328 2.24%
30.8 3.9577 —0.2614 0 0.61%
40.0 5.0241 —0.3630 0 2.40%
50.9 25.0771 —4.,3473 1.9841 0.82%
71.6 13.5675 —1.8764 0.6911 0.63%
100 21.5293 —3.3172 1.2864. 1.21%
These vaiues are based on the work oi Bondarenko {oscillating sphere method) [88).
TasrLe 492. Surface tension studies: LiCl-MgCl.
Investigations critically re-examined
Ref. &A(ﬁc(;}: Temp. range Comments
253" 0-100 903-1169 | Cell material: density sinker
and rod for surface tension
measurements was made from
Pt-10%Rh alloy, pin made
from Pt; calibration: measure-
ments on pure salts
258" 0-100 1073 As for 253
Deviations from previous NSRDS recommendations [2, pp. 57, 59]
Ref. ﬁloglc% Min. departure Max. departure
253 100 —5.9% (1073 K) i —6.7% (1002 X)
253 0 —1.2% ( 902K) . —2.8% (1059 K)
“Lillebuen [253] reporis a reproducibility for surface tension
measurements of ==1%.
*Mixtures reported graphically.
TaBLE 493. LiCl-MgCle: Surface tersion (dyn cm~1)
Mol percent MgCl.
T 100.0 735 56.4 531 | a4 | 362 180 17z | 00
910 ! ) 125.8
920 94.1 ogsa
930 93.8 | 1244
9490 84.5 93.4 123.7
950 734 84.3 93.0 105.1 123.0
960 73.3 84.0 92.7 104.6 122.3
970 73.2 79.9 83.7. 92.3 104.1 121.6
980 73.0 79.7 83.5 86.1 92.0 ! 103.6 120.9
990 72.9 79.4 83.2 85.8 ! 91.6 : 102.4 103.2 120.2
1000 72.8 79.2 82.9 85.6 i 91.2 101.6 102.7 119.5
1010 62.2 72.6 78.9 82.7 85.3 90.9 1014 102.2 118.9
1020 622 725 7864 22.4 A3 1 ans 100.¢ 101.7 118.2
1030 52,2 72.4 78.4 82.1 84.8 : 100.5 101.2 117.5
1040 2.2 72.4 78.1 81.9 84.6 | 100.0 100.7 116.8
1050 62.1 2.0 . 719 84.3 ; 116.1
1060 62.1 72.0 : 716 84.1
1070 62.1 I 713 838 I
1082 62.0 77.1 ‘ 83.6 !
1090 62.0 | ]
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TasLe 493. LiCl-MgClo: Surface tension {dyn cm~*)—Continued

‘Mol percent MgCl.

T 100.0 73.5 56.4 53.1 45.94 36.2 18.0 17.2 ] 0.0
1100 62.0
1110 61.9
1120 61.9
1130 619
1140 61.8
1150 61.8
1160 . 61.8
Temperature-dependent eguations
v = a --bT
Stand. error

Mol % MgCl: a b0 ot est.

0.0 189.2378 —6.9694 0.07%

17.2 152.5166 —4.9870 0.09%

18.0 149.7022 —4.7791 0.03%

36.2 127.1996 —3.5963 ) 0.07%

45.4 110.3943 —2.4826 0.12%

53.1 109.3989 —2.6473 0.04%

56.4 105.1314 —2.5978 0.11%

73.5 86.U78Y —1.3302 0.08%

100.0 65.3426 ~—0.3073 0.09%

These values are based on the work of Lillebuen (pin detachment method) [253].

LiCl-MnCl.
700 L e B B I E A
LiCl-MnCl,
O
o
@ 600 .
~
> O\O\
- ]
o —
Q
S B m
5
I_.
500 ]
) I ] | 1 I 1 ] I
C 20 40 60 80 100
LiCl Mn(:[2
Mol % MnCl,

Treure 86. Temperature-composition phase diagram for LiCl-MnCl..

C. Sandonnini and G. Scarpa, Atti della Reale Accad.

dei Lincei, (5), 22, 11, 163 (1913).

TaBLe 494. Density studies: LiCI-MnCl,

Investigations critically re-examined

MnCl. Temp. range
Ref. Mol % 8) Comments
202

0-100 929-1123 | Cell material: quartz ball
containing tungsten for weight;
calibration: water and CCl,

Deviations from previous NSRDS recommendations: 1, p. 91

Ref. 1\1\';1;1197% Min. departure Max. departure
202 100 0.04% (960 X) —0.43% (1020 K)
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TasLe 495. LiCl-MnCl:: Density (g cm™3)

Mol percent MnCl

T 100 90 80 70 60 . 50 40 _r 30 20 10 0 52
940 2.348 2.245 2.188 2123 1.867 1.754 2.065
950 2.342 2.202 2.240 2.182 2118 2.045 1.960 1.863 1.749 2.060
960 2.337 2.287 2.234 2.177 2.113 2.040 1.956 1.858 1.745 1.614 2.055
970 2.331 2.281 2.229 2172 2.108 2.035 1.951 1.854 1.741 1.610 _ 2.050
980 2.325 2.276 2.223 2.167 2.103 2.030 1.946 1.849 1.736 1.606 | 2.046
990 2.319 2.270 2218 2.161 2.098 2.025 1.942 1.844 1.732 1.602 I 2041
1000 2.313 2.264 2.213 2.156 2.093 2.020 1.937 1.840 1.727 1.597 2,036
1010 2.308 2.259 2.207 2.151 2.088 2.016 1.932 1.835 1.723 1593 2.031
1020 2.302 2.253 2.202 2.146 2.083 2.011 1.927 1.831 1719 |. 1.589 2.026
1030 2.248 2196 1585

1040 _ 2,242 1581

1050

1060 ! 1.424

1070 ; 1.420

1080 1.416

1090 1412

1100 1.408

1110 : : 1.405

120 | l 1.401

Two-dimensional equation and statistical parameters

p=a-+ bT 4 cC + dC* + eC* + [CT?

. . ‘ . 106 . . Max. percent Stand. error
‘ b0t ¢ 10° | 4+ 10° e~ 107 fe200 departure of est.
—0.25%
2.88953 ~3.76071 —5.73125 —2.24036 —3.57931 8.76495 (1019.2 K, 30 0.13%
mol % LiCl)

These values are based on the work of Markov et al. {Archimedean method) [202]. C = mol % LiClL

TaBLe 496. LiCI-MnCl.: Density (g em™3)

Mol percent MnCl,

T 100 90 80 70 60 40 20 0
930 2.195
940 2.350 2.243 2.190 2.119 1.754
950 2,344 2.292 2.238 2.185 2114 1.962 1.749
960 2.338 2.287 12233 . 2.181 2.109 1951 1.745
970 2.331 2.281 2.228 2.176 2.104 1.952 1.740
980 2,325 2.275 2.223 2.171 2.099 1.948 1.736
990 2.319 2.269 2218 2.166 2.094 1.943 1731
1000 2.313 2,263 2.213 2,161 . 2.009 1.93% 1.727
1010 2.307 ! 2.258 2.208 ! 2.156 2.085 1.93¢ 1.722
1020 2.301 2.252 2.203 2.151 2.080 1.929 1.718
1030 2.246 .
1040 2.240
1050 v
1060 1.425
1070 1.421
1080 1.417
1090 1412
1100 1.408
1110 : 1.404-
1120 i 1.399
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TaLe 496. LiCl-MnCl.: Density (g cm”3) —Continued

1101

Temperature-dependent equations

p=a+ bT
Comp.

mol % MnCl, a b+ 10¢
0 1.884 —4.33
20 2,177 —4.50
40 2.404 —4.66
60 2.574 —4.85
70 2.651 —4.90
80 2.713 5.00
90 2.843 —5.80
100 2.928 —6.15

These values are based on the work of Markov et al. (Archimedean method) [202].

LiCl-NaCl
800 T ] — T
LiCl-NaCl
. roor Liquid ]
[&)
o
g
= 610° 606"
S sooF =
3 % ST 565°a
£ 558° T TasLE 497. Electrical conductance studies: LiCl-NaCl
5 —
[ 154 S B
= i} Investigations critically re-examined
500¢ =4 S ] . Li
iCl Temp range
g 5 | 2 . | Ref Mol% Comments
o] 20 40 60 80 100 11 50 912-1130 | Cell material: quartz or silica
NaCl . LiCl glass capillary cell; Pt
Mole % LiCl electrodes; freg. range: 1000—
- . . 7000 Hz; calibration: 0.1M and
Ficure 87. Temperature-composition phase diagram for LiCl-NaCl 1M KCl solutions
A. K. Ak . G. 2. D . im. .
Akopov and A. G. Bergman, Zk. Neorgan. Khim., 127 50 (g) 923-1023 | Cell material: Vycor glass;

11 (7], 1751 (1966) ; Russ. J. Inorg. Chem. (English
Transl.) 937 (1966); A. S. Arabadzhan and A. G.
Bergman, Zh. Neorgan. Khim., 7 [9], 2262 (1962);
Russ. J. Inorg. Chem. (English Transl.) 1153 (1962).

Melt Preparation and Purification

The purification of NaCl and LiCl by Zuca and Olteanu
[117 is described under the system CsCI-LiCl,

Sakai and Suzuki [127] studied the electrical conduct-
ance of melts composed of Nb;Cly and various alkali
halides. The melt was prepared by mixing NbsCls with
sodium chloride and lithium chloride in a Vycor glass
tube under argon. The molten mixture was quickly cooled
to room temperature and was crushed into suitable sizes
in an argon glove box.

Pt electrodes; freq. range:
500-10,000 Hz, measurements
at 1000 Hz; calibration: 1
demal KCI solution

Comment: Zuca and Ojteanu [11] report a precision of 20.1% in
their resistance measurements.
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TasLE 498, LiCl-NaCl: Specific conductance (ohm™*em™*)

Tasrr 500. LiCl-NaCl: Density (g cm™2)

Mol percent NaCl

Mol percent NaCl

T 100 50 T 100 50 ! 0
920 4.009 880 1.4987
930 4.052 890 1.4944
940 4.094 900 1.5749 1.4902
950 4.135 910 1.5700 1.4860
960 4.175 920 1.5652 © 14817
970 4.215 930 1.5603 1.4775
980 4,253 940 1.5555 1.4733
990 4.290 950 1.5506 1.4690
1000 4.327 960 1.5457 1.4648
1010 4,362 970 1.5409 14605
1020 4.397 980 1.5360 1.4563
1030 4430 990 1.5312 1.4520
1040 4463 1000 1.5263 1.4478
1050 4,494 1010 1.5214 1.4436
1060 4.525 1020 15166 14393
1070 : 4.555 1030 1.5117 1.4351
1080 4.584 1040 1.5069 1.4308
1090 3.626 4.612 1050 1.5020 1.4266
1100 3.652 4.639 1060 1.4972 1.4223
1110 3.077 4.605 1070 1.4923 13181
1120 3.702. 4,630 1680 1.4874
1130 3.726 4.714 1090 1.5456 14826
1140 | 3,749 . 1100 1.5402 14777
leo i gl 1110 1.5348 1.4729
1160 3795 ; 1120 1.5293 14680
1170 3817 | 1130 1.5239
1140 1.5184
Temperature-dependent equations 1150 1.5120
x = a4 bT + cT? 1160 1.5075
Stand. 1170 | 1.5021
Mol 7% a b+ 10° ¢+ 10° error of 1180 1.4966
NaCl est. 1190 14912
50 —3.9723 13.0062 —4.7073 0.18% 1200 1.4858
100 —2.4204 8.4918 —2.7014 0.01% 1210 1.4803
These values are based on the work of Zuca and Olteanu (classical 1220 1.4749
ac technique) [11]. The data for NaCl werce roported as equivalent Toemperature-dependent eqguations
concuctance in the form of an Arrhenius equation [98]. p=a-+ 56T
Mol % a b+ 10¢ Stand. deviati
NaCl nd. gdeviation
0 1.8721 —4.243 0.0003
50 2.0121 —4.858 0.0006
TABLE 499. Density studies: LiCl-NaCl 100 2.1390 —5.444 0.0002

Investigations critically re-examined

NaCl Temp. range 1
Ref. Mol % ) Comments
11 50 893-1123 | Cell material: Pt ball;

calibration: water

196 | 0-100 (g) | 918-1183 | Cell material: Pt sphere;
calibration: molten NaCl

328 | 0-100 (g) 1073

Comment: Zuca and Olteanu [11] report their density results for
the equimolecular mixture in terms of a linear temperatmje de-
pendent equatinn with a standard deviation of 6 X 107% g em™%. The
precision of the density measurements was 0.155. Experiments were
carried out in an atmosphere of dry argon to avoid hydrolysis of
LiClL

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

Thesc values arc based on the work of Zuca and Olteanu {Arxchi-

medean method) [11]}.

TasLe 501. Surface tension studies: LiCl-NaCl

Investigations eritically re-examined

1
, NaCl Temp. range i
Ref. r !

Moi %

Comments

257  0-100 923-1173 | Cell material: Pt capillary;

calibration: radius of capillary
determined from measurements
on molten LiCl, NaCl, and KC;

Deviations from previous NSRDS recommendation {2, p. 571

Ref. M]\;Eic(/lo ! Min. departure Max. departure
257 100 3.19% (1173 K) 3.8% (1103 K}
257 0 2.9% (1073 K) 3.2% ( 923K)
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TasLe 502. LiCl-NaCl: Surface tension (dyn em™1)

Mol Percent NaCl

1103

Melt Preparation and Purification

Dahl and Duke [238] used “Baker Analyzed” reagent

FicURE 88. Temperafure-composition phase diagram for LiCl-PbCi..

S. P. Geomakov and L. M. Gromakov, Zh. Fiz. Khim,,
29 [9], 747 (1955).

1. Phys. Chem. Ref.

T 100 60 40 20 -0 materials which were fused at temperatures just above
930 130.2 their melting points, crushed and stored in a drying oven
940 129.6 at 110 °C. Volatilization of PbCl, was reduced during
950 129'9 the preparation of mixtures by placing LiCl on top of
960 128.3 PbClL 3 lati ible whi h d with a
970 1277 lp inap atinum crucible which was covere

980 125.0 1262 127.0 127.1 platinum foil.

990 124.2 125.4 126.2 126.5 The PbCl, was filtered and weighed and the filtrate was
1000 123.5 124.6 1254 125.9 titrated for Pb®* with the disodium salt of I,2-cyclo-
1010 122.7 123.8 124.6 125.3 hexanediaminetetraacetic acid.

1020 122.0 123.0 123.7 124.6

1030 121.3 122.2 122.9 124.0

1040 120.5 1214 122.1 123.4

1050 119.8 120.7 121.3 122.8

1660 119.1 119.9 120.5 122.2

1070 118.3 119.1 119.7 121.6

1080 117.6 118.3 1189 120.9

1090 116.8 1175 1181 120.3

1100 116.1 116.7 117.3 119.7

1110 115.4 115.4 1159 119.1 TasLE 503. Density studies: LiCl-PhCl.

1120 114.6 146 1151 118.5 Investigations critically re-examined

1130 1137 1139 114.3

1140 112.9 1132 1135 Ref. 1\1;1’](3}; Temp. range

1150 | 1121 | 1124 | 1128 Sl

1160 111.2 111.7 112.0 165 42.8 673 973

1170 110.4 110.9 111.2 193 20-100 873,973
Temperature-dependent equations Deviations from previous NSRDS recommendations: [1, p. 13]

y=e+ 6T Ref. l\lg(ﬁcé; Min. departure Mazx. departure
Mol % NaCl a b+ 102 Stand. error
; of est, 193 100 0.23% (873 K)

0 187.6507 —6.1781 0.04%

20 206.0480 —8.0691 0.20%

40 203.5707 —17.8974 0.12%

60 197.2639 —17.3786 0.45%
100 209.0422 —8.4345 0.01%

These values are based on the work of Mizuno et al. {(maximum
bubble pressure methed) [257].
LiCI-PbCl,
T T T — T T T T

ST . _

600810 | icI-PbCl,

[S) i
s I
liquid
£ so0+ d 500
.3
=
<]
o 1 ]
g
E a00b-e o ___ 400 N ]
5 400
—
300 L | L 1 ! | ! | L .
[0} 20 40 60 80 100
i 0, - Iﬁ
Licl Mol % PLCI, PhCle
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Taeie 504, LiCl-PhCla: Density (g em™3) |

Mol percent PhCl.

T 100 .9 80 - 70 60 50 a0 - 30
873.2 4.813 4.632 4.431 4.203 3.962 3.697 '3.391
973.2 4.675 4.482 4.280 4.071 3.836 3.569 3.276 2.937

These values are based on the work of Lantratov and Shevlyakova (Archimedean method) [193]. Due to limited data, the experimental
values are given.

TaBLE 505. Surface tension studies: LiCl-PhCl:

Investigalions critically re-examined

Ref. ]\lﬁllc,}; Tf’m?;r;ange Cell material Calibration
238 26.37-100 711-873 Pt-10% Rh capillary, melt contained ‘ Benzene
in Pt crucible
254 0-100 . 711-983
Deviations from previous NSRDS recommendations: {2, p. 57]
Ref. 1\1?39% Min. departure Max_ departnre
254 0 0.61% (955 K) 1.34¢% (935 K)

Comment: Dahl and Duke [238, 254] applied corrections for the thermal expansion of the capillary tube. Reported deviations of
experimentally measured surface tension values from literature data were less than 056 The surface tension data for pure lead chloride

was that recommended ir. NSRDS-NBS.28 [2].

TanLe 506. LiCl-PbCl.: Surface tension (ciyn cm™?1)

Mol percent PhCl.

T 100 69.90 64.25 50.61 49.63 31.26 26.37
775 133.4 1344 . 1334 132.5
780 133.0 133.8 132.9 1321
785 132.5 1332 ! 1324 131.7
790 132.1 132.6 ; 131.9 131.3
795 134.9 131.6 132.0 ' 1314 130.9
800 134.3 1312 1314 . 130.9 130.5
805 133.6 130.8 130.8 1304 1301
810 133.0 130.3 130.2 129.9 129.7 129.0
815 1324 129.9 129.6 1294 129.3 128.5
820 131.8 129.5 129.1 128.9 128.9 128.0
825 131.1 129.0 128.5. 128.5 128.5
830 130.5 128.6 127.9 128.0 128.1
835 129.9 128.2 1273 127.5 127.7
840 129.3 127.7 126.7 127.0 127.3
845 128.7 127.3 126.1 126.5 126.9
850 126.9 . 125.7
855 126.4 125.2
860 126.0 124.8
865 125.6 : o 1243
870 125.1 123.9
Temperature-dependent equations
y=a+ 6T
Mol %PhCl. a b 102 Stand error of est.

26.37 200.9088 —8.8542 0.72%

31.26 : 211.7828 —10.2165 0.45%

49.63 194.0891 —17.9463 0.54%

50.61 209.6978 —9.8480 ) 0.17%

64.25 226.3552 —11.8665 0.17%

69.90 200.8931 —8.7107 0.35%

100.0 233.6772 —12.4284 0.49%

These values are based on the work of Dahl and Duke (maximum bubble pressure method) [238].

J. Phys, Chem. Ref. Datq, Vol. 4, No. 4, 1975
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LiCI-RbCl

! I ! i ! ' ] T
LiCl-RbCi '

700

500

Temperature (°C}

o
300

o 20 40 60 80 100
Licl _ » RbCI
Mol % RbCI

Ficure 89. Temperature-composition phase diagram for LiCl-RbCl.

S. Zemczuzny and F. Rambach, Z. Anorg. Chem., 65,
403 (1910).

Melt Preparation and Purification

The purification procedures described by Zuca and
Olteanu [11] are discussed under the system CsCl-LiCl,

TaBLe 507. Electrical conductance studies: LiCl-RbCl

Investigations critically re-examined

RbCl Temp. range
Ref. Mol % (T) Comments
11 50 904-1135 | Cell material: quartz or silica

glass capillary cell; Pt elec-
trodes; freq. range: 1000—7000
Hz; calibration: 0.1M and

1M KClI solutions

Comment: Zuca and Olteanu [11] report a precision of =+0.1% in
their resistance measurements.

TasLe 508. LiCI-RbCl: Specific conductance (ohm™* em™1) -

Mol percent RbCl
T 100 : 50
910 ’ 1.745
920 1.780
930 1.814
940 1.848
950 1.882
960 1.915
970 1.948
980 1.981
990 2.013
1000 2.045
1010 2,077
1020 1.574 2.108
1030 1.596 2.139
1040 1.618 2170 -
1050 1.640 2.200
1060 1.662 2.230
1070 1.683 2.260
1080 1.704 2.289
1090 1.725 2.318
1100 1.746 2.340
1110 1.766 2.375
1120 1.785 2.403
1130 1.805 2.430
1140 1.824
1150 ) 1.843
1160 1.862
1170 1.880
1180 1.899
1190 - 1916

Temperature-dependent equations

k=a -+ bT + cT?

Stand.

Comp. . e :
Mol % RbCI| @ b-10® ce 100 error
50 —2.8227 6.5525 —1.6847 0.98%

100 —2.3072 5.3381. -—1.5035 0.02%

These values are based on the work of Zuca and Olteanu (classi-
cal ac technique) [11].

TabLE 509. Density studies: LiCl-RbCl

Investigations critically re-examined

Ref. B}.!{o}ic‘;g TempTrange Comments
I1 | . 50 888-1128 | Cell material: Pt ball;
calibration: water
398 | 0-100 (g) 1073

Comment: Zuca and Olteanu [11] report their density results for
the equimolecular mixture in terms of a linear temperature de-
pendent equation with a standard deviation of 8 X 107* g cm~3,
The precision of the density measuremenis was 0.1%. Experiments
were carried out in an atmosphere of dry argon to avoid hydrolysis

of LiClL -

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLe 510. LiCLRbCl: Density (g cm™3) TasLe 512, LiCI-RbCl: Surface tension (dyn em™1)
Mol percent RbCl Mol percent RbClI
T 100 50 0 T 100 110.00 | 5.00 | 3.00 ] 2.00 { 1.00 | 0.50 0
880 1.4987 1023.2 96 113 118 119 I 121 122 124 127
850 2.0261 14545 These values are based on the work of Semenchencko and
200 2.0187 L4902 Shikobalova (maximum bubble pressure method) [256]. Due to
910 20114 1.4860 limited data, the experimental values are given.
920 2.0040 1.4817 )
930 1.9966 1.4775
910 1.9892 1.4733
950 1.9818 1.4690 .
960 19744 14648 LiCl-SeCls
970 1.9671 1.4605 T T T T T T T T T
930 1.0597 1.4563
990 1.9523 1.4520 LiCl-ScCl B
1000 1.9449 147 900r ?
1010 1.9375 1.4436 @)
1020 2.2179 1.9301 1.4303 < so00 -
1030 2.2094 1.9228 14351 [
1040 2.2008 19154 14308 5
1050 21923 1.9080 1.4266 © 7001 7]
1060 2.1838 1.9006 1.4223 &
1070 21753 1.8932 14181 £ ool 585 .
1080 2.1668 1.8858 [}
1090 2.1583 18784 - N2
1100 2.1498 1.8711 500 474 ]
1110 2.1413 1.8637
1120 21327 1.8563 R T T
1130 2.1242 0 20 20 50 80 100
1140 - 21157 Lict ScCls
1150 2.1072 : Mol % ScClz
1160 2.0987
1170 2.0002 Ficure 90. Temperature-composition phase diagram for LiCl-ScCl.
1180 2.0817 N. Ya. Fedorov and E. S. Petrov, Izv. Sib. Otd. Akad.
1190 2.0731 Nauk, S.S.S.R., Ser. Khim. Nauk, 1, 48 (1967).
Temperature-dependent equations
p=a- bT
Mol % RbCl 2 b 100 Stand, devition Melt Preparation and Purification -
0 18721 —4.243 0.0003 Petrov and Fedorov [73] prepared anhydrous ScCls
50 2.6833 3 beP Y
6832 ~7.384 0.0008 i i i i i
100 30863 e 0.0000 by chlorination of Mark 0S-99 scandium oxide using

These values are based on

(Archimedean method) [111.

the work of Zuca and Olteanu

TaBLE 511. Surface tension studies: LiCI-RbCl

Investigati_ons critically re-examined

Ref. I\?cﬁc% TemFTL)"ange

256 0-100 1073
Deviations from previous NSRDS recommendations: [2, pp. 55, 58]
Ref. 1\?3(:716 . Min. departure Max. departure
256 0 5.15% (1073 K)

256 100 0.27% (1073 K)

Comment: An error of =1 dyn cm™? in the surface tension values

was reported.

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

gaseous chlorine in the presence of a reducing agent. The
ScClz was sublimed in a current of chlorine. Anhydrous
LiCl was prepared by the method of Raynor (Ber. Busen-
geselschaft, Phys. Chem., 67, 360, 1963). The procedure
essentially involved first heating the salt in an evacuated
vessel at 95 °C for 24 hours to remove as much adsorbed
moisture as possible. The temperature was then raised to
200 °C and the flask evacuated for a further 24 hours.
This was followed by fusion in the presence of HCIl gas
and subsequent removal of dissolved gas by purging with
dry nitrogen.
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TasLE 513. Electrical conductance studies: LiCl-ScCly

Investigations critically re-examined

Ref. }&;]C 1?30 Temp. range Comments
73 | 0-72.6 (g)] 373-1233 |Cell material: guartz; Mo wire

electrodes; calibration:
iIN KCl solution

Comment: Due to the high volatility of ScCls at high temperatures
and the hygroscopicity of the starting materials, Fedorov and Petrov
[73] measured the conductivity in sealed quartz vessels. The salts
were loaded into the cell in a dry box and then fused, and mixed by
transferring the mixture from one arm of the cell to the other until a
uniform composition was attained. Reproducibility of experiments in

the same cell was about 1%, and the overall accuracy of measure-
ment was about 3%. ’ ’

TaBLE 514. LiCi-ScCls: Specific conductance (ohm™! cm™1)

]‘g‘c"CZ’ 933K .| 93K [ 1053K | 1113K | 1173K |1233K

Q 6.11 6.30 6.55 6.74 0.806 0.99
10 377 | 402 | 43¢ | 450 | 480 | 507
20 | 278 | 301 | 330 | 349 | 365 | 384
30 245 256 | 267 | 278
4 180 | 189 | 19
50 120 | 1s2
60 097 | 127
20 1.03

These values have been interpolated to three significant figures
from the graphical presentation of Fedorov and Petrov (classical ac
technique) [73].

1107

Melt Preparation and Purification

Bogacz and Ziolek [179] used LiCl of BDH Analar
grade as starting material. The salt was melted in a quartz
tube for 30 minutes under. a stream of dry HCl gas, and
then transferred to a quartz evaporating dish. The salt was
crushed and stored in a desiccator over PyOg or kept in
sealed ampoules. Uranium (IV) chloride was prepared
from uranyl oxalate by hydrogen reduction at 400 °C to
uranium dioxide, and then chlorinated at 440 °C using
CCly vapors contained in a stream of purified nitrogen.
The purified salt was kept in sealed ampoules filled with
dry argon.

Mixlures were prepared directly in the measuring cell
in an argon atmosphere purified from moisture and
oxygen. Even small traces of oxygen would result in
chiorine evolution which reacted with the platinum com-
ponents. Argon gas of 99.9% purity was further purified
by passing it through a column filled with BTS catalyst,
through a wash of aluminum and calcium amalgam and
finally through a 80 cm. column of P20s.

TasiLe 515. Electrical conductance studies: LiCl-UCL

Investigations critically re-examined

Ref. Mli?l% Tem?inrange C,Dmm,er,“ik, o
179 0-100 703-1001 | Cell material: quartz; Pt elec-
trodes; freq. range: 5,000
10,000 Hz, measurements at
10,000. Hz; calibration: KCI
solutions, fused KNO;, NaNQs,
and XCl .
Deviations from previous NSRDS recommendations: [1, pp. 4, 9]
Ref. : I\!ﬂ} (I:l‘% Min. departure Max. departure
179 100 —0.91% (920 K) —0.94% (910K)
179 0 —1.8% (880 K) —44% (@,],(,) )

Comment: Bogacz and Ziolek [179] used the same quariz vessel
for measurements of electrical conductance, density and surface
tension. No frequency effect on thé measured electrical resistance

LiCl-UCl.
T T T T
600k LiCl-UcCl, R
S}
o
N
2 400
je]
s I
£ 5
@ —
= 200 O
-l
| o \ |
0 20 40 60 80 100
Licl UCH,
Mol % UCl,4

Ficure 91. Temperature-composition phase diagram for LiCl-UCL.

C. J. Barton, R. J. Sheil and W. R. Grimes, Oak Ridge
National Laboratory, Phase Diagrams of Nuclear Re-
actor Materials, R. E. Thoma, ed., ORNL-2548, p.
132 (1959).

of the melts was found over the frequency range 5000 to 10,000 Hz.
The overall error in conductivity measurement was reported at 0.5%
or less, )

4. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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PROPERTIES OF CHLORIDES AND MIXTURES

TasLE 519. Surface tension studies: LiCl-UCL

Investigations critically re-examined

Temp. fange

UCL

Ref. Mol %

Comments

179 0-100 883, 923

Cell material: quariz capillary
tubes, melt in outer quariz
tube; calibration: water,
benzene, molten NaNO; and
KNO:

Deviations from previous NSRDS recosunendations: [2, p. 55]

UCL

Ref. Mol %

Min. departure

Max. departure

179 0

11.8% (923K)

Comment: Bogacz and Ziolek [179] determined the surface ten-
sion of the molten salt mixtures by measuring the pressure difference
required to release argon bubbles from two coaxial capillary tubes
immersed in the melt at the same depth. The error in measurement
was estimated to be between 3 and 5%.

TasLe 520. LiCl-UCL: Surface tension (dyn cm™1)

11

Mol percent UCL

T 100.00

92,80 | 74.36 | 61.25 | 59.38 | 53.39 | 47.32

44.16

33.89 | 32.50 | 27.38 | 17.90 | 13.76 | 847 | 4.30

0.00

883
923

40.0
35.5

40.5
36.5

43.5
405

45.5
420

470
435

48.0
450

540
K28

570
56.5

| 945
86.0

615
60.0

64.5-
63.0

66.0
64.0

68.5
63.0

724
65.5

77.0
71.0

147.9
1415

These values are based on the work of Bogacz and Ziolek (maximum bubble pressure method) [179]. Due to limited data, the experimental
results are given. '

600

C
a
o
[e]

Temperature (°
D
Q
O

300

LiCk-ZnCl:

LiCl-ZnCl,

| | L i L I Lo | L

o] 20 40 80 80

ZnCl,

100
LiCl

Mol % LiCl

Ficure 92. Temperature-composition phase diagram for LiCl-ZnCl..

N. N. Euseeva and A. G. Bergman, Z. Obshch. Khim.,
21,1763 (1951).

Moalt Preparation and Purification

Weeks [108] and Bloom and Weeks [199] used May
and Baker LiCl, which was vacuum dried at 400 °C for
one hour and then fused under dry argon. The salt was
then purified by bubbling dry ‘chlorine gas through the
melt until it was clean. The preparation .of ZnCly is
described under the system CsCl-ZnCly, -Analysis for Zn*
and CI” were performed using EDTA and silver nitrate

(dichlorofluorescein indicator), respectively.

Markov and Bolkov [194] purified ZnCl, and LiCl in
the manner described under the system CsCl-ZnCl,. .-

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975 .
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1112 JANZ ET AL
TasLe 521. Density studies: LiCl-ZnCl,
Investigations critically re-examined
Ref. N%glcg/% Tem&};ange Comments
108 81.4-100 566879 Cell material: silica pyc-
nometer; calibration: water,
25°C
194 0-100 695-924 Cell material: quartz sphere
(containing tungsten for
weight) ; ealibration: water,
25 °C
199 81.4-100 566-879 Cell material: silica pyc-
nometer; calibration: water,
25°C
Comparisons with NSRDS recommendations:
I1, PP 4, 10 and this volume]
Ref. ZnCl, Min. departure Max. departure
© | Mol % - dep Thax. aep
108 100 —0.08% (683 K) 0.40% (600K)
194 100 —0.02% (733K) —0.16% (696 K)
100 100 —0.08% (682 K) 0.407 (600 K)
108 814 0.06% (759K) —0.71% (806K)
194 0 —0.37% (924 K)
Comment: Density measurements in reference {108, 199] were
corrected for thermal expansion of the silica pycnometer and the
total correction was 0.05-0.1%. The overall accuracy was reported
to be between 0.05% and 0.1%. Experimental density values were
reported in reference [108] while Bloom and Weeks [199] gave
vesults in the form of linear temperature dependent equations with
standard deviations in the range 0.92 X 1073 g cm™3® (88.4 mol %
ZnClz) to 1.13 X 1073 g cm™3 (81.4 mol % ZnCl,).
TapLe 522. LiCl-ZnCl.: Density (g cm™3)
Mol percent ZnCl.
T |100.0 94.8 90.1 8l.4 79.6 76.2 69.95 59.8 49.8 39.9 294 19.6 9.02 0.0
700 | 2.472
© 710 | 2.466
720 { 2.461
730 | 2.456
740 | 2.451
750 2.253
760 2.416 2.350 2.379 2.304 2.246 2.182 2120
7170 2412 2.345 2.374 2.298 2.240 2.176 2114 |
780 2407 2.340 2.369 2.309 2.293 2.234 2,171 2.108
790 2.402 2.335 2.363 2.304 2.288 2.228 2.165 2.102
800 . 2.897 2.329 2.358 2.298 2.282 2.222 2.159 2.096 1.994
81¢ 2,392 2.363 2.32¢ 2.353 2.293 2.277 2.215 2.154 2.091 1.988
820 2.387 2.358 2.319 2.348 2.288 221 2.209 2.148 2.085 |.1.983
830 2.383 2.354 2.314 2.343 2282 2.266 2.203 2.142 2.079 1.977
840 2.378 2.350 2,309 2.387 2.277 2.260 2.197 2.137 2.073 1972
850 2.373 2.346 2.304 2.332 2.272 2.255 2.191 2,131 2.067 1.967 1.879
860 2.184 2.061 1.961 1.871
870 2.178 2.055 1.863
880 2,172 2.049 1.855 1.687
890 1.683
900 1.680 1.488
910 1.484
920 1.480
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1113

TasLe 522. LiCl-ZnCl;: Density (g cm™32)—Continued

Temperature-dependent equations

=a-+bT
Mol % ZnCl. . a b+ 10* Stand. error of est.

0.0 1.8514 —4.,0345 0.01%
9.02 2.0210 —3.7939 0.04%
19.6 2.5643 —8.0647 0.28%
294 2.4288 —5.4389 0.02%
399 2.5682 —5.8972 0.44%
49.8 26138 —5.6810 0.06%
59.8 2.7188 —6.2145 0.06%
69.95 2.7168 —5.4332 0.31%
762 2.7263 —5.3488 0.07%
796 2.774R —5.2072 0.019;
814 2.7361 —5.0830 0.28%
90.1 2.7038 —42109 0.03%
938 2.7824 —4,8163 0.09%
100.0 ' 2.8369 —5.2167 0.00%

These values are based on the work of Markov and Bolkov (Archimedean method) [194].

MgClz-NaCl
L N

MgClE- NaCl

800

)

600

Temperature

4004~ -
I L L 1 1 l B I
0 20 40 60 80 100
MgCl, NaCl

Mol % NaCl
Ficure 93. Temperature-composition phase diagram of MgCl-NaCl

0. Menge, Z. Anorg. Chem,, 72, 162 (1911).

Melt Preparation and Purification

Huber et al. [30] used c.p. analytical grade NaCl with-
out further purification. The preparation of MgCle is
discussed under the system BaClo-MgCla.

Preparation of MgCl, in references [113, 114, 1177 is
discussed under the system KCI-MgCle. Markov and

Sherbakov [113] uscd “chemically pure” NaCl recrystal-

‘lized twice and heated for two hours at 500 °C.

Liliebuen [230] and Grjotheim et al. [133] dehydrated
NaCl (p.a., Baker) by heating at 500 °C under a vacuum
of 0.1 to 0.01 mm. The preparation of pure MgCly, is
described under the system CaCl,-MgCl,.

Desyatnikov [245] used chemically pure NaCl and
MgCly; the MgO content in the anhydrous MgCl; was 0.2
to 0.4%. Dehydration of the MgCly involved passing a
stream of dry HCl gas through the melt for 6-8 hours,
after which carbon dioxide was bubbled through for 20 to
30 minutes to displace the HCL. ‘

Grjotheim et al. [109] dried “analytical grade” NaCl
by heating at 300 °C and melting under vacuum. The salt
was then slowly recrystallized and only clear crystals were
used. The preparation of pure: anhydrous MgCl, is de-
scribed under the system CaCl»MgCl,.

Mukaibo and Matsuno [246] used reagent grade MgCl,
(Kauto Electrochem. Co.) without further purification,
Sodium chloride was s C. P. grade and was recrystallized.

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975



1114 JANZ ET AL
TasLe 523. Electrical conductance studies: MgCl-NaCl TaBLE 524. MgCl:-NaCl: Specific conductance (ohm™! cm™)
: ' —Continued
Investigations critically re-examined
Ret NaCl Temp. range ‘ Comments Mol percent NaCl
) Mol % - T 100 80 60 40 20 0
30 {54.87,71.67| 906-1248 | Cell material: silica cell; Pt 1000 2.156 1.876 1.520
84.36, 100 electrodes; freq. range: 1000 1010 2177 1.907 1.544.
Hz; calibration: saturated 1020 92877 2197 1.567 1.073
NaCl solution 1030 2902 | 2217 1501 | 1097
109 |0,20,40,60| 956-1136 | Cell material: AkOs tube in 1040 2926 1| 2238 Lets ) 1121
. 1050 2.950 2.258 1.639 1.145
80, 100 quartz tube container; Pt
’ . 1060 2074 | 2278 1.160
electrodes; freq. range: 2000— 1070 2909 1192
20,000 Hz; calibration: 1IN KClI 7 2‘319 1'21 6
solution and saturated NaCl 1080 2‘33 "
solution 1090 339
1100 3.686
113 | 42.12-100 953-1123 | Cell material: quartz tube; Pt 1110 3.711
electrodes; calibration: sulfuric 1120 3.736
acid solutions ' 1130 | 3.760 )
114 0-100 923-1123 | Cell material: Pt cylinder, Pt Temperature-dependent equations
disc. electrodes; calibration: k=a-+ T
molten NaCl Stand.
. 103
117 0 1000 832 1023 | Coll material: quarts vescel; Mol 7% NaCl @ b-10 o
Pt electrod
electrodes 0 13646 2,389 0.01%
151° | 0-100 (g) 1073 20 -—0.8585 2.3784 0.30%
" 40 —1.1875 3.0634 0.31%
167 | 0-100° | 1023 1128 60 —0.1275 2.0290 0.25%
Comparisens with NSRDS recommendations: 80 0.4203 2.4090 0.08%
[1, pp. 4, 6 and this volume] 100 0.9548 2.4828 0.02%
Ref. NII‘Ia]lCI Min. departure Max. departurc These values are based on the work of Grjotheim et al. (classical
ol % ac technique) [109].
30 100 0.0% (1085K) —30% (1248K)
109 100 0.29% (1126 K) 0.79% (1095 K)
113 100 1.9% (1123K)
114 100 —26% (1173K) —4.3% (1123X) TaBLE 525. Density studies: MgCl-NaCl
167 100 —2.3% (1123K) —3.1% (1173K) T . ©
113 100 16% (1123K) Investigations critically re-examined
114 100 —45% (1123K) Ref. NaCl | Temp. range Cormments
167 100 —29% (1123K) Mol % n
114 80 —94% (1023K) 30 0-100 985-1241 | Cell material: silica ball
114 20 —7.6% (1023K) (hollow or solid), W suspen-
109 0 0.36% (1038K) 1.83% (1082K) sion wire; calibration: water
114 0 —3.7% (1023K) —5.5% (1123K) .
17 0 0.65%. (1023K) 0.81% ( 973 K) 130 0-100 1017-1172 (?ell material: Pt-10%Rh
167 0 —025% (1073K) | —54% (1173K) sinker and Pt-10%Rh suspen-
114 0 —37% (1023K) —6.6% (1023K) sion wire; calibration: water
17 0 0.74% (1023 K) 133 | 0-100° 1073 Cell material and calibration:
167 0 0.74% (1023K) | —18% (1073K) as for 130
*Graphical except for pure MgCl.. 167 0-80 (g) 1023
*Data {equivalent conductivities) from reference [167].
*Graphical except for pure salts. 211, | 0-100 800-1250
Comment: A discussion of some experimental aspects in refer- 267
ences [109] and [30] is given under the CaCL-KCl system. Deviations from previous NSRDS recommendations: (1, pp. 4, 6]
Ref. NII\LSIng'o Min. departure Max, departure
30 100 ~0% (1073K) —0.6% (1183K)
130 100 0.39% (1088K) 0.53% (1149K)
TasLe 524. MgCl-NaCl: Specific conductance (ohm™! cm™?) 30 0 049% (1140K) 0.80% (1160K)
Mol NaCl 130 0 0.30% (1017 K) 0.50% (1099 K)
of percent Na 133 0 0.50% (1073K)
T 100 80 60 40 20 0 *Data from reference [130].
960 1.753 ®Graphical except for pure salts.
970 1.784 Comment: A brief disussion of the method of Lillebuen {130] and
980 1.815 1472 Grjotheim et al. [133] and the errors involved in their density
990 2.136 1.845 1.496 measurements is to be found under the system LiCl-MgCl..

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975



PROPERTIES OF CHLORIDES AND MIXTURES 1115
TasLe 526. MgCl-NaCl: Density (g cm™3)
Mol percent NaCl
T 100 90 80 70 60 50 40 30 20 10 0 60.1
1020 1.677
1025 1.675
1030 i 1.686 1.673
1035 ! 1.684 1672
1040 ! 1.684 1.682 1.670
1045 ! 1.675 | 1.682 1.681 1.669
1050 ; 1.660 1.673 1.680 1.679 1.667
1055 1.641 1.658 1.671 1.678 1.677 1.665
1060 1.602 1.620 1.639 1.656 1.669 1.676 1.675 1.664 1.620
1065 1.584 1.599 1.618 1.636 1.653 1.667 1.674 1.673 1.662 1.617
1070 1.570 1.581 1.597 1.615 1.634 1.651 1.665 1.672 1.671 1.660 1.615
1075 1.568 1.579 1.594 1.613 1.631 1.649 1.662 1670 | 1.670 1.659 1.612
1080 1.565 1.576 1.592 1.610 1.629 1.647 1.660 1.668 1.668 1.657 1.610
1085 1.562 1.573 1.589 1.607 1.627 1.644 1.658 1.666 1.666 1.655 1.607
1090 - 1.556 1.560 1.571 1.586 1.605 1.624. 1.642 1.656 1.664 1.664 1.654 1.605
1095 1.553 1.557 1.568 - 1.584 1.602 1.622 1.639 1.654 - 1.662 1.662 1.652 ) 1.602
1100 1.551 1.554 1.565 1.619 1.637 1.651 1.660
1105 1.548 1.552 1.562 1.617 1.635 1.649 1.658
. 1110 1.545 1.549 1.560 1.614 1.632 1.647 1.656
1115 1.542 1.546 1.630 1.645 1.653
1120 1.540 1.543 1.627 1.642
1125 1.537 1.625 1.640
1130 1.534
1135 1.531
1140 1.529
1145 1.525
1150 1.523
1155 1.520
1160 1517
1165 1.514
1170 1.511
Two-dimensional equation and statistical parameters
p=a+4 bC 4 cT? 4 dC? 4 eC? + [TC?
Stand.
a b+ 108 ¢+ 107 d - 10° e+ 107 fe 108 Max. peroent
of est.
—0.38% | -
1.85184 —5.72548 —2.48988 2.44756 ~3.61076 2.01655 (1091.6 K, 23.6 ! 0.15%
mol % MgCl:) i
These values are based on the work of Lillebuen (Archimedean method) {130]. C = mol % MgCl..
TaBLE 527. MgCle-NaCl: Density (g cm™3)
Mol percent NaCl
T 100 - 95.0 89.0 Ii 76.4 71.1 66.3 58.2 48.5 317 25.6 17.7 0
1020 ' 1698 - | 1674
1030 1.588 1.637 1.674 1.693 1.671
1040 1.583 1.608 1.632 1.649 1.669 1.689 1.668
1050 1.578 1.598 1.603 1.612 L[.627 1.644 1.664 1.679 1.684 1.666
1060 1.572 1.594 1.599 1.607 1.623 1.638 1.659 1.675 1.680 1.663
1070 1.567 1.590 1.595 1.602 1.618 1.633 1.653 1.670 1.675 1.660
1080 1.561 1.566 1.586 1.591 1.597 1.613 1.628 1.648 1.666 1.671 1.658
1090 1.554 1.556 1.561 1.581 1.587 1.593 1.608 1.623 1.043 1.662 1.007 1.055
1100 1.549 1.551 1.555 1.582 1.588 1.604 1.617 1.638 1.657 1.662
1110 1.544. 1.545 1.550 1.583 1.612 1.633 1.653 1.658
1120 1.539 1.540 1.545 1.607 1.628 1.649
1130 1.533
1140 1.528
1150 1.523
1160 1.517
1170 1.512

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLe 527. MgCl-NaCl: Density (g em™#)-—Continued
Temperature-dependent equations
p=a-+ bT
Stand.
Mol % NaCl a b+ 10* error
of est.
0 1.9483 —2,6917 ‘ 0.03%
17.7 2.1501 —4.4361 0.01%
25.6 2.1348 —4.3414 0.01%
31.7 2.2029 —5.1352 0.07%
485 2.1967 —5.2669 0.04%
58.2 2.1253 —4,7419 0.02%
66.3 21182 —4.8222 0.03%
711 20431 —4.1877 0.03%
764 20488 —4.2896 0.02%
89.0 2.1392 —5.3070 0.019%
95.0 2.1429 —5.3845 0.02%
100 2.1321 —5.2995 0.64%

These values are based on the work of Lillebuen (Archimedean method) {130].

TaBLE 528. Viscosity studies: MgCle-NaCl

‘TABLE 530, Surface tension studies: MgCla-NaCl

Investigations critically re-examined

Investigations critically re-examined

NaCl Temp. range NaCl Temp. range
Ref. Mol % o Ref. Mol % () Comments
4] 62.0 1061-1138 245 0-100 973-1223 | Cell material: Pt capillary and
151 0-100* 973-1231 quartz beaker containing melt;
226 0-100 920-1250 calibration: water, alcohol
Deviations from previous NSRS recommendations: [1, p. 4] 246 10-40, 1013-1153 | Cell material: Pt capillary
100° tube; calibration: wat d
Ref. I\I/;I:lc‘;o Min. departure Max. departure muolienc?\l’aéf Ton: water an
151 100 —6.0% (1231 K) —15.3% (1128 X) 253 0-100 1002-1169 | Cell material: Density sinker
*Graphical except for pure components. and rod for surface tension
Comment: The oscillation method used in reference [151] was measurements were made from
checked by experimental measurements on water, nitrobenzene, P1-10%Rh alloy; calibration:
aniline, molten sodium nitrate and potassium chloride. Agreement measuremenis on pure salls
with ]nerature_values was satisfactory and the precision in viscosity 958 0-100" 1073 Cell material and calibration:
measurements was reported to be +5%.
as for 253
226 0-160 870-1190
Deviations from NSRDS recommendations:
[2, pp. 57, 59 and this volume]
TasLe 529. MgCl-NaCl: Viscosity (cp) Rel. ,\1_;1519170 Min. departure Max. departure
Mol % NaCl 973 K 1023 K 1073 X -
245 100 0.18% (1123 K) 0.58% (1223 K)
0 2.05 1.80 246 100 —54% (1153K) | —5.7% (1113K)
10 1.87 1.66 253 100 1.79% (1169 K) 2.09% (1118 K)
20 1.99 1.69 1.52 253 70 —0.1% (1132 K) 17% (1031 X)
30 1.80 1.53 1.40 253 0 —59% (80K) | —67% (729K)
40 1.60 1.38 1.24 " -
0 140 199 108 Graphical except for pure NaCl.
60 192 1.06 0.95 ";raphical except for pure components,
70 1.38 1'24 1‘08 Comment: Desyatnikov [245] reported that his surface tension
80 1'45 1'34 116 measurements were reproducible to an accuracy of 0.8%. Results on
%0 : ’ 1'19 the pure salts agreed with literature values obtained by other
100 1'20 methods, Values for pure MgCl: were those recommended in

~ These values have been interpolated to three significant figures
from the graphical presentation of Bondarenko and Strelets {oscil-

lating sphere method) [151].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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Lillebuen [253] and Grjotheim et al. [258] reported a reproduci-
bility for surface tension measurements of =1%.



PROPERTIES OF CHLORIDES AND MIXTURES 1117
TapLe 531, MgCl-NaCl: Surface tension (dyn cm™?)
Mol percent NaCl
T 100 90 80 70 60 50 - 40 30 20 10 0
980 100.6 95.8 92.1 88.2 83.0 78.9 744 70.0
990 100.1 95.5 91.7 88.0 82.7 78.7 74.2 69.9
1000 99.7 95.1 91.4 87.7 82.5 78.5 74.1 69.8 66.7
1010 99.3 948 91.1 87.4 82.3 78.3 74.0 09.7 66.6
1020 98.8 94.4 90.7 87.2 82.0 78.1 73.8 69.6 66.5
1030 106.2 98.4 94.1 90.4 86.9 81.8 779 73.7 69.4 66.4
1040 105.7 98.0 93.7 90.1 86.6 81.6 777 735 69.3 66.3
1050 105.1 97.6 93.4 89.8 86.4 81.4 71.5 734 69.2 66.2
1060 104.5 97.1 93.0 89.4 86.1 81.1 773 73.3 69.1 66.1
1070 104.0 96.7 92.7 89.1 85.8 80.9 77.1 731 69.0 66.0
1080 103.4 96.3 92.3 88.8 85.5 80.7 76.9 73.0 68.8 65.9
1090 112.9 102.9 95.8 92.0 88.4 85.3 80.4 76.7 728 68.7 65.8
1100 112.2 102.3 95.4 91.6 88.1 85.0 80.2 76.5 72.7 68.6 65.7
1110 111.5 101.7 95.0 91.3 87.8 84.7 80.0 76.3 72.6 68.5 65.6
1120 110.8 101.2 94.5 90.9 874 84.5 79.7 76.1 724 684 65.5
1130 110.2 100.6 94.1 90.6 87.1 84.2 79.5 75.9 72.3 68.2 65.4
1140 109.5 100.1 93.7 90.2 86.8 83.9 79.3 75.7 72.1 68.1 i 653
1150 108.8 99.5 93.3 89.9 86.5 83.7 79.1 75.5 72,0 68.0 65.0
1160 108.1 98.9 92.8 89.5 86.1 83.4 78.8 75.3 719 67.9 65.1
1170 107.4 98.4 924 89.2 85.8 83.1 78.6 751 1.7 67.83 65.0
1180 106.8 64.9
1190 106.1
1200 105.4
1210 104.7 }
1220 104.0
Temperature-dependent equations
vy =a- bT
Mol % NaCl a b 107
0 76.7 —10
10 81.8 —12
20 88.1 —1.4
30 98.5 —2.0
40 1055 —2.3
50 114.7 —2.7
60 1244 —3.3
70 130.1 —35
80 1427 —4.3
90 163.9 —5.6
100 187.0 —6.8

These values are hased on the work of Desyatriikov (maximum bubble pressure method) [245].

Temperature (°C)

Ficure 94. Temperature-composition phase diagram of MgCl-RbCl

MgCl.-RbCl

718
700

6001

MgCi,=RbCl

T 1

3 —— MgCly - 2RbCH

B. F. Markov and I. D. Panchenko. Zhur. Obschei
Khim., 25, 2039 (1953).

Mol

% MgCl,

{00
MqCl,

Melt Preparatian and Purification

Grjotheim et al’' [130,1833] used Merck p.a. grade
(min. 99.5% RbCl1) RbCl, which was dehydrated by heat-
ing at 400 °C in an incrt gas atmosphere. The preparation

of pure MgCl; is described under the system CaCly-MgCle.

). Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TaBLe 532. Density studies: MgCl-RbCl

Investigations critically re-examined

RbClI

Temp. range

Ref. Mol % Comments
130, 0-100 959-1122 | Cell material: Pt-10%Rh
133 sinker and Pt—10%Rh suspen-

sion wire; calibration: water

Deviations from previous NSRDS recommendations: {1, p. 6}

Ref. IV]I{OI;(‘:%) Min. departure Max. departure
130 100 0.04% (1004K) 0.14% (1112K)
130 0 0.30% (1017K) 0.50% (1099 K)

*Comments concerning rcfcrences [180] and [188] arc to be

found under the system CaCl--KCI.

TanLe 533. MgCl-RbCl: Density (g cm™3)

Mol percent RbC1

r 100.0 94.4 849 75.5 68.8 66.7 63.0 51.6 319 . 200 14.3 7.7 0.0
960 1.976
970 1.969
980 1.962
990 1.956
1000 1.949 1.893
1010 2.230 2.082 1.942 1.887 1.846
1020 2222 2.075 1.990 1.936 1.881 1.840 1.733 1.674
1030 2.213 2.159 2.067 1.983 1.944 1.929 1.912 1.875 1.833 1.813 1.782 1.729 1.671
1040 2.204 2.150 2.060 1.977 1.938 1.922 1.906 1.868 1.827 1.802 1.773 1.724 1.668
1050 2.196 2.142 2.053 1.970 1.932 1.916 1.899 1.862 1.821 1.792 1.764 1.720 1.666
1060 2.187 2.133 2.046 1.963 1.925 1.909 1.892 1.856 1.815 1.781 1.755 1.716 1.663
1070 2.178 2.125 2.039 1.957 1.919 1.902 1.886 1.850 1.808 1771 1.746 1.712 1.660
1080 2.170 2.116 2.032 1.950 1913 1.879 1.844 1.760 1.738 1.707 1.658
1090 2.161 2.108 2.025 1.943 1.906 1.873 1.838 1.750 1.729 1.703 1.655
1100 2,152 2.099 1.937 1.900 1.866 1.832 1.739 1.720 1.699
1110 2.144 2091 1.930 1.894 1.860 1.729 1.711 1.695
1120 ) 1.923 1.718
Temperature-dependent equations
p=a-+bT
Mol % RbCl1 a b-103 Stand. error of est.
0.0 1.9497 —0.2705 0.04%
19 21637 —0.4225 0.03%
143 2.6899 —0.8819 0.09%
20.0 2.8935 —1.0495 0.05%
31.9 2.4748 —0.6228 0.07%
51.6 2.5058 —0.6128 0.04%
65.0 2.5856 —0.6540 0.05%
66.7 2.6141 —0.6652 0.03%
68.8 2.5961 —0.6329 0.04%
5.5 2.6693 —0.6661 0.02%
84.9 2.7973 —0.7087 0.02%
94.4 3.0328 —0.8485 0.01%
100.0 3.1073 —0.8683 0.02%
These values are based on the work of Grjotheim et al. (Archimedean method) [130, 133].
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TaBLE 534. Surface tension studies: MgCl.-RbCl
Investigations critically re-examined
. RbCl Temp. range
Ref. Mol % s Comments
253, 0-100 967-1169 | Cell material: density sinker
258 and rod for surface tension
measurements was made from
P1~-10%Rh alloy; calibration:
measurements on pure salts
Deviations from previous NSRDS recommendations {2, pp. 58, 59]
Ref. I‘II{O}';C%) Min. departure Max. departure
253 100 —2.3% (1113K) —3.2% (1050 K)
253 0 —5.9% (800K) —6.7% (729K}
*Lillebuen [253] reporis a reproducibility for surface tension
measurements of +1%.
TasLe 535. MgCl-RbCl: Surface tension (dyn cm™?)
Mol percent RbCl
T 100.6 944 84.9 75.5 08.8 66.7 63.0 51.6 319 14.3 7.7 0.0
970 794
980 78.9
990 78.5
1000 780
1010 93.5 84.9 1.0 75.2 72.8 62.2
1020 62.8 84.3 711 74.7 724 62.2
1030 92.0 83.6 79.9 76.8 76.7 76.3 74.3 71.9 68.6 66.9 62.2
1040 91.3 872 829 79.4 76.4 76.3 75.8 73.8 715 68.3 66.7 62.2
1050 90.5 86.5 82.3 78.9 75.9 75.8 75.2 73.4 71.0 68.0 66.5 62.1
1060 89.8 85.9 81.6 784 75.5 754 74.7 72.9 70.6 67.8 66.3 62.1
1070 89.0 85.3 80.9 719 75.0 74.9 74.2 72.5 70.1 67.5 66.1 62.1
1080 88.3 84.6 80.3 715 4.6 74.5 73.7 72.0 672 65.9 62.0
1090 875 84.0 79.6 77.0 74.1 73.2 :I 71.5 66.9 0o.7 02.0
1100 86.8 83.4 76.5 73.7 26 66.7 65.5 62.0
1110 86.0 82.8 76.0 73.2 72.1 66.4 619
1120 75.6 61.9
1130 61.9
1140 61.8
1150 61.8
1160 _ 61.8
Temperature-dependent equations
] y=a-+ bT
Mol 9% RbCl a ] b 102 Stand. error of est.
0.0 65.3426 l —0.3073 0.09%
7.7 86.5949 —1.9163 0.10%
14.3 97.0127 —2.7599 0.05%
319 ]]7.80]6 —4.4561 0.60%
51.6 120.8727 —4.5257 0.039,
63.0 | 130.0286 —5.2186 0.00%
66.7 ! 1226536 —4.4621 0.28%
68.8 123.7692 —4.5565 0.20%
755 128.8105 —4.7538 0.02%
84.9 152.4109 —6.6810 0.11%
94.4 152.4464 —6.2780 0.03%
100.0 169.2893 —7.5036 0.23%

These values arc based on the work of Grjotheim et al. {pin detachment method) 1253, 2581.
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TapLE 537. NaCl-NbCl;: Specific conductance (ohm™* ¢m™?)

Mol percent NbCls

T

21.7 12.4 12.3 7.9 7.2 0
1073.2 1.32 2.20 2.19 3.34
11232 1.83 2.60 2.59 2.98 2.94 3.60

1120
NaCl-NbCls
L S 1 ! I ! : T
NaCI-NbClS
500 B
468

400
£
@
E - ! 1
°
]
a
3 .
~ 300hH ] T

208
200 .
L | L | | L l L
[¢] 20 . 40 60 80 100
NF:)CI5 NaCl
Mol % NaCl

Ficure 95. Temperature-composition phase diagram of NaCl-NbCls.

K. Huber, E. Jost, E. Neuenschu Ander, M. Studer,
and B. Roth, Helv. Chim Acta, XLI, 2411 (1958).

TasLe 536. Electrical conductance studies: NaCl-NbCls

Investigations critically re-examined

NbCL | Temp. 3
Ref. Mol . eszTl;angc Comments
54 0-21.7 1073, 1123 | Cell material: Pyrex and

quartz vessels; Pt electrodes;
freq. range: variable; calibra-
tion: 1N KCI solution

These values are based on the work of Belozerskii and Freidina
(classical ac technique) {54]. Due to limited data, the experimental
results are given.

NaCl-NdCl:
800<3zo0 763
NaCl — NdCl,
7001~
r3) L
L
o 600|-
S
2
o L+ NaCly L + NdCly
O
o 5001
E
2 430
NaCl +NdCly
4001
300 | . ] |
0] 20 40 60 80 100
NaCl NdCl,

Mol % NdCl,

Ficure 96. Temperature-composition phase diagram for NaCl-NdCl..

I. S. Morozov, Z. N. Sheutsova and L. V. Klyukina
Russ. J. Inorg. Chem., 7, 1639 (1957).

Melt Preparation and Purification

Details are given under the system KCI-NdCl;.

TasLe 538. Electrical conductance studies: NaCl-NdCly

Investigations critically re-examined

NdCl,

Deviations from previous NSRDS recommendations: {1, p. 4]

Ref. d}:]cgyo Min. departure Max. departure
54 0 —3.5% (1123K) —3.9% (1073K)

Comment: Belozerskii and Freidina [54] used Pyrex and quartz
conductance vessels for systems rich and poor in the rare earth
chlaride respectively. Dne ta the volatility of the chlaride and the
strong tendency for NbCl; to dissociate the duration of experiments
was minimized.

Temp. range :
Ref. Mol % 8 Comments
186* } 0-100 (g) 1073 Cell material and calibration:
as for 190
190" | 0-100 (g)| 1073,1173 | Cell material: quariz capillary

cell; Pt electrodes; freq.
range: 100,000-250,000 Hz;
calibration: molten NaCl, KU,

CsCl
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*Equivalent conductivities were reported,

Comment: Forthmann et al. [186, 190] initially filled their quartz
conductance cells with NdCl: under Ar flow; the pure NdCl; was
melted and HCI gas was passed through the melt until the conduct-

ance was constant. Compositions were varied by adding the solid
alkali chloride.
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TabLe 539. NaCl-NdCls:: Molar conductance (ohm ™! ¢m? mol~1)

Mol % NaCl 1073K Mol % NaCl 1073K
0 74.3 60 94.0
10 76.2 0 98.4
20 789 80 . 105,
30 81.8 90 119,
40 86.1 100 135.
50 90.1

These values have been interpolated to three significant figures from the graphical presentation of Forthmann and Schneider (classical ac

technique) {190].

NaCl-PhCl:

L A A
NaCi-PbCl, '

8001

(°C)

600

Temperature

400 ° ° ]

o] Z20 40 60 80 100
F’bCl2 NaCi
Mol % NaCi

F1GURE 97. Temperature-composition phase diagram for NaCl-PbCl..

K. Treis Neues Iahrh. Mineral, Ceol,, Paliontol., Beil.
Band, 37, 766 (1914).

Melt Preparation and Purification

Bloom et al. [103] and Bloom and Macky [49] used
analytical reagent grade sodium chloride. Their prepara-
tion of pure lead chloride is given under the system
CsCl-PbCly. The solidified melts were analyzed by stand-
ard methods.

Bloom, Davis and James [224] used salts of analytical
reagent purity which were dried before use. Mixtures were
prepared by weighing the dried salts directly into silica
tubes.

Dahl and Duke [238] used “Baker Analyzed” reagent
grade sodium chloride. The preparation of dry PbCly is
described under the CsCl-PbCl, system.

Barzakovskii [63] used “chemically pure” salts which
were purified by fusion in an atmosphere of dry HCl for a
period of 2-3 hours.

TasLe 540. Electrical conductance studies: NaCl-PbCl.

Investigations critically re-examined

PbCl T .
Ref. Mol 72 em?Tliange Comments
24 45.6, 68, 713,873 | Cell material: quartz; Pt
89, 100 electrodes; freq. range: 20—
20,000 Hz; calibration: KCI
solutions
49 20-100 773-1083 | Cell material: silica; Pt
electrodes; freq. range: 1000
Hz; calibration: 1IN KCI
solutions
63 45.6, 68, 678-1093 | Cell material and calibration:
8y, 100 as for 24
142* | 20-100 (g) 993 Cell material and calibration:
as for 49
Deviations from previous NSRDS recommendations: {1, p. 13]
Ref. g&c% Min. departure Max. departure
24 100 —0.93% (873 K)
49 100 —041% (873K) —0.70% (923 K)
63 100 —0.19% (924 K) —3.9% (841K)

"Data from reference {49].
Comment: Bloom and Macky [49] estimated the accuracy of their
conductance measurements on molten mixtures to be *+0.5%.

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLe 541. NaCl-PbCl.: Specific conductance {ohm~™! ¢cm™%)

Mol percent PhCl.

T 100.0 90.0 80.0 72.0 50.0 33.3 20.0
780 1.544 1.558
790 1.587 1.607
800 1.630 1.656
810 1.672 1.704
820 1.715 1.751
830 1.737 1.755 1.758 1.797 |
840 1.780 1.800 1.801 1.843 :
850 1.823 1.845 1.844 1.887
860 1.865 1.889 1.886 1.931
870 1.908 1.932 1.929 1.974
880 1.950 1.975 1.972 2.016 2.046 |
890 1.991 2.016 2,015 2.058 2.084
900 2.033 2.057 2.058 2.099 2.122
910 2.074 2.098 2.101. 2.139 2.160
920 2.115 2.137 2.144 2.178 2.198
930 2.156 2.178 2187 2216 2.236
940 2.196 2.214 2.230 2.253 2.274
950 2.236 2.251 2.273 2.290 2.312 2.447
960 2.276 2.287 2.316 2.326 2.350 2485
970 2.315 2.323 2.359 2.301 2.388 2.523
980 2.354 2.358 2.402 2.395 2.426 2.560
990 2.393 2.392 2445 2.429 2464 2.598
1000 2.432 2.425 2.488 2.462 2.502 2.635
1010 2,470 2.458 2.532 2,493 2,540 2.672
1020 2.508 2.490 2.575 2,524 2.578 2.708
1030 2.546 2.521 2.618 2.555 2.616 2.745
1040 2.583 2,551 2.661 2.584 2.654 2.7181
1050 2.621 2.581 2,704 2,613 2.692 2.817
1060 2.658 2.610 2.748 2.641 2,730 2.853 3.115
1070 2.694 2.638 2.791 2.668 2.768 2.889 3.185
1080 3.255
Temperature-dependent equations
k=a- bT 4 cT?
Mol % PbCl. a b 108 ¢+ 107 Stand. error of est.
20.0 —4.2048 6.0003 0 0.02%
33.3 —2.1546 5.8766 —10.872 0.01%
50.0 —1.2982 3.8000 0 0.00%
72.0 —4.7648 11.224 —39.975 0.17%
80.0 —1.7172 4.0950 1.1064 0.08%
90.0 —4.6606 10.872 —37.860 0.22%
100.0 —2.8404 6.6977 —14.256 0.32%

These values are based on the work of Bloom and Macky "(classical ac technique) [49].

TaBLE 542. Density studies: NaCl-PbCl.

TasLe 542. Density studies: NaCl-PbCl.

Investigations critically re-examined

Deviations from previous NSRDS recommendations: [1, p. 13]

Ref. I\lr;(l))lcéaa Tem?i—.;ange Cell Material Calibration Ref. ]&(l;"lc%} Min. dcparturc Max. departure
24 49.8-100 713,873 24 100 —0.41% (773K) —1.0% (873K)
. ) 103 100 —0.04% (920K) —0.02% (960 K)
103 24.8-100 770-1075 ]S;:_!_(li; of 10% Water 103 100 0.23% (873K)
Comment: Corrections were made by Bloom et al. {103] for melt
142 | 0-100 (g) 993 condensation on the suspension wire, upthrust due to surface tension
165 50 673-973 and the buoyancy of the sinker in air. Condensation was found to
be a problem only for melts of pure PbCl.. Total corrections
193 20-100 873,973 amounted to 0.1 to 0.2%. Data was given in the form of linear
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temperature dependent equations with standard deviations in the

range: 2.0 X 107% g cm™® (100 mol % PbCl:) to 3.0 X 1073
g cm™3 (24.8, 50.0 and 75 mol % PhCl.)}.



Tasre 542 NzClPhCl:: Density (g cm™®
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TapLe 544. Surface tension studies: NaCl-PbhCl.

Mol percent PbCle

Investigations critically re-examined

100.0 ] 7.0 50.0 248 Ref. I\I;&CS; Temp.'range Comments

770 4394 2

780 4.381 224 | 0,25.0,50.0,f ~723-1293 | Cell material: capillary of Pt—

790 4.367 752,100 10%Rh; calibration: micro-

800 4.354 scope used to determine

810 4.310 diameter of capillary, method

820 4.397 ' checked using benzene

830 4.313 3.635 238 | 485,541, | 768-863 1 Cell material and calibration:

840 4.300 3.624 61.2,804, | as for 224; melt contained in

850 4.286 3.613 100 Pt crucible

860 4273 3.601

870 4.959 : 3.590 250 0, 50, 75, 773,873,

880 1,946 i 2.579 90, 100 1073, 1173,

890 4232 3.568 1273

g% ig}g z;z; 254 0-100 768-1210 | Cell material and calibration:

920 4.730 4.192 3534 as for 238

930 4715 4.178 3.523 Deviations from previous NSRDS recommendations: [2, pp. 57, 611

940 £,701 4,165 3.512 PbCl )

950 4.686 4,151 3.500 Ref. Mol % Min. departure Max. departure

Pk s 10t i 224 100 | —0.08% (813K) 031% (833K)

980 4,642 3467 2670 250 s 57% (713K, 873K)

990 4.627 3.455 2.662 250 50 39% (713K) 5.0% (873K)
1000 4.612 3.444 9653 224 0 0.19% (1193K) 1.8% (1093K)
1010 4.597 3433 2.644 250 0 0.19% (1173K)

1020 4.582 3.499 2,636 254 [ —1.9% (1126 K) —3.0% (1099 K)
1030 4.568 3.410 2.627 Comment: Bloom et al. {224] reported an accuracy in their
1040 4.553 2.618 method of =0.25 dvn em™!, The temperature range studied was
1050 4.538 2.610 stated as 200 °C with an initial temperature of about 10 °C zbove
10660 4.523 2.601 the melting point. Remarks concerning reference [238] are given
1070 2.593 under the system LiCI-PhCl..
Temperature-dependent equations Values for pure PhCl., reported by Dahl and Duke [238, 254]
p=a- bT were recommended in NSRDS-NBS-28 [2].
Mol % PhCl. p b 10° land.

24.8 3.517 —U.864 0.003

50.0 4.568 —1.124 0.003

75.0 5.435 —1.352 0.003

100.0 6.089 —1.477 0.002

These values are based on the work of Bloom et al. (Arrhimf.-
dean method) [103]. )
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TasLe 545. NaCl-PbCla: Surface tension (dyn cm™1) NaCl-PrCls
Mol percent PbCl ’
p 800, . | | T
T 100.0 75.0 50.0 24.8 0.0 765
= b NaCl~PrCls
740 132.0
760 130.0 700 N
780 127.9
800 134.2 125.9 ’06
820 | 1320 1239 < |
80 | 1208 1218 1246 g 600
860 127.6 119.8 1225 5
880 125.4 117.7 120.3 o
900 123.2 115.7 118.2 2 500 _
920 | 1210 113.7 116.1 £
940 118.8 1139 — 1
960 116.6 111.8
980 114.4 109.6 400+ —]
1000 107.5 112.6
1020 105.4 110.6
1040 108.6
1060 106.6 300 —L —— ' L
1080 104.6 0 20 40 60 80 100
1100 102.6 1139 NacCl PirClz
1120 100.6 1120
1140 98.6 1102 Mol % PrClz
1160 96.6 108.3
1180 94.6 106.5 Fieune 98. Temperaturc-composition phase Jdiagram for NaCl-P'rCla.
ggg ;gg? Z. N. Slestsona, E. N. Karzina and B. G. Karshunan,
y Russ. J. Inorg. 7, 1 .
1240 1009 uss, J. Inorg. Chem., 7, 1348 (1962)
1260 | 90.0
1280 ] N 97.2 . o
Temperature-dependent equations Melt Preparation and Purification -
y=a- bT
Mol % PhCl A 5107 Praseodymium trichloride was prepared and analyzed
2 o A2 . .
as described under the system KCI-NdCl;.
0.0 216.2 —9.3
24.8 2126 —10.0
50.0 214.5 —10.7
75.0 207.5 —10.2 TaBLE 546. Electrical conductance studies: NaCl-PrCla
100.0 222.2 —11.0

These values are based on the work of Bloom et al. (maximum

bubble pressure method) [224].

Tasre 547. NaCl-PrCls:

Investigations critically re-examined’

PrCi Temp. range
Ref. Mol ,%) FZe) Comments
190* | 0-100 (g) 1073 Cell material: quartz capillary

cell; Pt electrodes; freq.
range: 100,000-250,000 Hz;
calibration: molten CsCl, KCl,
NaCl

*Equivalent conductivities were reported.
Comment: Experimental details are briefly discussed under the

system KCI-NdCl.

Molar conductance (ohm™! c¢m? mol~?)

Mol % NaCl | 1073K Mol % NaCl 1073K
0 i 76.4 60 929
10 y 78.7 70 96.3
20 80.9 80° 103,
30 834 90 114,
40 6.5 100* 133,
50 89.5

*Extrapolated values.

These values have been interpolated to three significant figures from the graphical presentation of Forthmann and Schneider (classical ac

technique) [190].

J. Phys. Chem. Ref, Data, Vel. 4, No. 4, 1975



PROPERTIES OF CHLORIDES AND MIXTURES

NaCl-RbCl
T T T T T | T T T

NaCl-RbCl

800

o
2 700
L
2
O
9]
o
£ 600
L]
*_
500f~ . T
. l I 1 I | : | )
0 20 40 60 80 100
RbCl NaC!
Mol % NaCl

Ficure 99. Temperature-composition phase diagram for NaCl-RbCl.

S. Zhenchuzhuni and F. Rambach, Z. Anorg. Chem.,
65, 415 (1910).

Melt Preparation and Purification

The preparation of pure sodium and rubidium chlorides
by Zuca and Olteanu [98] is discussed under the CsCl-
LiCl system. Dry argon was bubbled through the molten
mixtures to eliminate small traces of HCL

For viscosity measurements, Bertozzi [243] used cave-
fully dried Merck and B. D. H. salts without further
purification.

TaprLe 548. Electrical conductance studies: NaCl-RbCl

Investigations critically re-examined

1125

. TasLe 549. NaCl-RbCl: Specific conductance (ohm™! cm™?)

Mol % RbCl1
T 100 5 50 25 0
1020 1.574
1030 1.596
1040 1.618
1050 1.640 1.786 2.504
1060 1.662 © 1.809 2.060 2.527
1070 1.683 1.831 2082 2.550
1080 1.704 1.852 2.104 2573
1090 1,725 1.873 2,125 2.596 3.626
1100 1.745 1.894 2,147 2.619 3.652
1110 1.766 1914 2.168 2.642 3.677
1120 1.785 1.93¢ 2.19¢ 2.665 3.702
1130 1.805 1.954 2.211 2.688 3.726
1140 1.824 1.973 2.233 2.711 3.749
1150 1.843 1.992 2.255 2734 3.773
1160 1.862 2.010 3.795
1170 1.880 3.817
1180 1.889
1190 1916
Tempceraturc-dependent cquatione
x=a4 bT - cT?
' Stand.
Mol % RbCl a b 108 c* 108 error
of est.
0 —2.4204 8.4918 —2.7014 0.01%
25 0.0825 2.3058 o 0.19%
50 —0.2315 2.1618 - 0 0.17%
K63 —2.7395 6.3710 —1.9625 0.10%
100 -2.3072 | 5.3381 —1.5035 0.02%

These values are based on the work of Zuca and Olteanu (classi-
cal ac technique) [98].

TaBLe 550. Density studies: NaCl-RbCl

Investigations critically re-examined

RbCl Temp. range
Ref. ]3[{3(:‘;3 Tem&wgange Comments Ref. Mol % Comments
98 | 0,25,50, | 993-1233 | Cell material: quartz or silica 98 0;525i 053’ 1013-1223 f;l‘lbm‘;‘e“f“l‘;::‘ ball;
75,100 glass capillary cell; Pt ? thration: water
electrodes; freq. range: 1000— 328 | 0-100 (g) 1073
:?,301}(1);;[ ‘;g?zztlfg;n(:lM Deviations from previous NSRDS recommendations: [1, pp. 4, 6]
218 | eutectic (g)| 1106-1384 Ref. Nfﬁgco}o Min. dcparturc Max. departure
Deviations from previous NSRDS recommendations: [1, pp. 4, 6} 98 100 _ —0.02% (1080 K) 0.15% (1200K)
R RbCI g Max. d 93 0 —0.06% (1090 K) —0.13% (1170K)
. in. . 1
ef Mol 9% Min. departure ax. departure Comment: Deiisity 1esults in [98] were reported as linear
98 100 0.12% (1010K) —4.49% (1200K) temperature-dependent equations with standard deviations in the
98 0 —0.11% (1090K) —1.40% (1170K) range: 2 X 107% g cm™® (0 mol % RbCl) to 9X107* g cm™3

Comment: Zuca and Olteanu [98] report, in addition to experi-
mental specific conductivities, Arrhenius equations (equivalent
conductances as a function of temperature) with standard devia-
tions for E), the activation energy, in the range: 1.3 X 1072 Kcal
mol™! (75 mol % RbCl, E) = 3.65 Kcal mol™?) to 2.8 X 1072
Kcal mol™* (100 mol % RbCl, E) = 3.75 Kcal mol ™).

{100 mol % RbCl).

3. Phys. Chem. Ref. Data, Vol. 4, Ne. 4, 1975
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TaeLE 551. NaCl-RbCl: Density (g cm™3)

Mol percent RbCl

T 100 %0 80 70 60 50 40 30 20 10 0 55
1000 2.137 2.083
1010 2.178 2,128 2.075 2.019 1.959 1.895 1.829 1.759 1.989
1020 2217 2.170 2,120 2.067 2.010 1.951 1.887 1.821 1.751 1.981
1030 2.208 2.162 2112 2.059 2.002 1.943 1.880 1813 | 1.743 1973
1040 2.200 2.154 2.104 2.051 1.994 1.935 1.872 1805 i 1.736 1.663 1.965
1050 2.192 2.145 2.096 2.043 1.987 1.927 1.864 1798 | 1.728 1.655 1957
1060 2,183 2.137 2.088 2.035 1.979 1.919 1.856 1.790 1.721 1.648 1.949
1070 2.115 2.129 2.079 2.027 1.971 1.911 1.849 1.782 1.713 1.640 | 1941
1080 2.166 2,121 2071 2.019 1.963 1.903 1.841 1.775 1.706 1.633 f 1.933
1090 2.158 2.112 2.063 2.011 1.955 1.896 1.833 1.767 1.698 1.626 1550 1 1.925
1100 | 2.150 2.104 2.055 2.003 1.947 1.888 1.826 1.760 1.691 | 1619 1543 1 1918
1110 2.141 2.096 2047 1.995 1.939 1.880 1.818 1.753 1.684 1.612 1.536 1.910
1120 2.133 2.087 2.039 1.987. 1.931 1.873 1.811 1.745 1.677 i 1.605 1.52% 1.902
1130 2.124 2.079 2.031 1.979 1.924 1.865 1.803 1.738 1.670 1.598 1.523 1.895
1140 2,116 2071 2022 1.971 1.916 1.858 1.796 1.731 1.663 1.591 1.516 1.887
1150 2.107 2.062 2.014 1.850 1.789 1.724 1.656 1.584 1.509 1.879
1160 2.099 2.054 2.006 | 1.781 1.717 1649 1578 1.503
1170 2.090 2.046 ! 1.642 1.571 1.497
1180 2.082 2.037 ;
1190 | 2.073 2.029 § !
1200 2.064 2.021 : !
1210 | 2.056 :
1220 | 2.047 i
1930 | 2.030 |
Two-dimensional equation and statistical parameters
p=a-+ bT? + cC? + dT3 4 eTC 4 §CT?
’ Stand.
a b 107 ¢+ 10° | =10 e 108 fe10° Max. percent departure e.frror
| ot est,
: i T 047% (1173.2K,
2.73858 —6.92120 —1166805 ‘ 1.86672 —9.50064 5.00290 ‘ 75 mol % NaCl) 0.12%

These values are based on the work of Zuca and Olteanu (Archimedean method) [98]. € = mol % NaCl.

L. Phys, Chem. Ref. Data, Val. 4, No. 4, 1975



PROPERTIES OF CHLORIDES AND MIXTURES

1127

Tapie 552. NaCl-RbCl: Density (g cm™3) Taprk 552. NaCl-RbCl: Density (g em™2)—Continued
Mol % RbC Temperature-dependent equations
. p=a+ bT
T 100 75 50 25 0 : .
T Mol % RbCI a H b » 10° Stand. dev.
1000 2108 - T
1010 : 2100 1.958 1797 0 21390 ) 05444 0.0002
1020 ¢ 2218 2.002 1.950 1.789 25 26084 | —0.7988 0.0005
1030 © 2209 2,084 1.943 1781 50 26952 1 —0.7303 0.0007
1040 | 2201 2076 1.936 1773 75 29095 | —08016 0.0007
1056 | 2192 2.068 1.928 1.765 100 30863  ; —08514 0.0009
1060 2.184 2.060 1.921 1757 These values are based on the work of Zuca and Oltcanu (Archi-
1070 2175 2.052 1.914 1.749 medean method) [98].
1080 2.167 2.044 1.906 1.741
1090 2.158 2.036 1.899 1.733 1.546
1100 2.150 2.028 1.892 1.725 1.540 TasLe 553. Surface tension studies: NaCl-RbCl
;‘11;?) i;z'li ig?g iggg_ i;é; i;‘;g Investigations critically re-examined
1130 | 2124 2.004 1.870 1.701 1.524 Ref. RhCl Temp. range
1140 2.116 1.996 1.863 1.693 1.518 Mol % e
1150 2.107 1.988 1.855 1.685 1.513 243 0, 25, 50, 75. 100 860-1160
ﬁ(_’;g ggzg K ;((’:ég %:gg Deviations from previovs NSRDS recommendations: [2, pp. 57, 58]
1180 2.082 ;; Ref. “}{lgc,; Min. departure Max. departure
1190 | 2073 i i
1200 2.065 i 243 100 0.2% (1120K) 12% (1040 K)
1210 2.056 ' 243 G 3.2% (1140K) 3.4% (1100 K)
12,232 igg i . Comment: Experimental aspects of this work [243] are discussed
* g in NSRDS-NBS-28 [2].
TarLe 554. NaCl-RbCl: Surface tension {dyr em™1)
Mol % RbCl
T 100 90 80 70 60 50 40 30 20 10 ¢ 55
865 1111 113.0 112.0
880 108.5 110.0 111.9 114.2 110.9
895 107.4 108.9 110.7 1131 109.8
910 106.3 107.8 109.6 112.0 108.6
925 103.8 105.1 106.6 108.5 110.9 107.5
YW 2.7 104.0 105.5 107.4 109.8 112.8 106.4
955 101.6 102.9 104.4 100.3 108.6 1117 105.3
970 100.5 101.8 103.3 1051 | 107.5 1106 104.2
983 98.0 99.3 100.7 102.2 104.0 106.4 109.5 103.0
1000 96.9 98.2 99.5 101.0 102.9 105.3 108.3 1019
1015 94.4 95.8 97.1 98.4 99.9 101.8 104 107.2 111.1 100.8
1030 3.3 94.7 96.0 97.3 98.8 100.6 103.0 106.1 1106 99.7
1045 92.1 93.6 94.¢ 96.2 97.7 99.5 101.9 105.0 108.9 98.5
1060 91.0 92.4. 93.7 950 ! 96.5 98.4 100.8 103.8 107.8 9.4
1075 89.9 91.3 92.6 93.9 95.4 97.3 99.7 102.7 106.7 111.6 96.3
1090 38.8 - %02 91.5 928 94.3 96.2 98.5 101.6 105.5 110.5 116.6 95.2
1105 87.6 < 891 90.4 917 932 93.0 97.4 100.5 104.4 109.4 1155 94.1
1120 26.5 88.0 8%.2 90.6 : 292.1 93.6 96.3 904 103.3 108.2 1144 92.9
1135 i 86.8 88.1 89.4 90.¢ 92.8 95.2 88.2 102.2 1071 113.2 91.8
1150 ©o8s.7 87.0 88.3 89.8 917 94.1 97.1 101.0 106.0 11231 90.7
1165 ! 85.9 87.2 I 88.7 90.6 92.9 96.0 99.9 104.9 111.0 89.6
‘I'wo-dimensional equation and statistical parameters
w=a+bT 4 oC 4 dC? + eC?
! Stand.
a b« 102 c° 108 d - 10° €= 10° Max. percent departure error
of est.
170.25851 — 747624 1.55903 —1.54718 2.77189 “:::1 ;" 1\(”(1\’ » 0.13%

These values are based on the work of Bertozzi {Wilhelmy slide plate methodi [243]. ¢ = mol S¢ NaClL

d. Phys. Chem. Ref. Data, Vol. 4, Ne. 4, 1975
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TasLE 555. NaCl-RbCl: Surface tension (dyn em™) NaCl-ScCi:
Mol % RbCl 1 : : :
T 100 75 50 25 ]
870 112.6 . 900k NaCl-5cClz i
880 111.9 OQJ
890 111.1 ~
900 106.4 110.4 © 800 1
910 105.6 109.7 =)
920 104.9 1089 5 i |
930 1041 108.2 g "
940 103.4 107.4 c
950 - 102.6 106.7 g 600+ E
960 101.8 106.0
970 101.1 105.2 \L
280 100.3 104.5 1115 5004 N
990 99.6 103.7 110.7 L . . !
1000 93.8 103.0 1100 NOCI 20 40 80 80 S'Sgl
a 3
1010 94.8 98.0 102.3 109.3 ! Mol % SCCI3
1020 94.0 97.3 101.5 108.5
1030 93.3 96.5 100.8 107.8 Ficure 100. Temperature-composition phase diagram for NaCl-
1040 92,5 95.8 100.0 107.0 ScCl..
1050 91.8 95.0 99.3 106.3 :
1060 911 949 o8 6 1056 N. Ya. Fedorev and E. S. Petrov, Izv. Sib. Od. Akad.
1070 90.3 93.5 97.8 104.8 Nauk. S.8.S.R. Ser Xhim. Nauk., 1, 48 (1967).
1080 89.6 92.7 97.1 104.1
1090 88.8 92.0 96.3 103.3 116.6
1100 88.1 91.2 95.6 102.6 115.9
1110 87.4 0.4 94.9 101.9 115.2 . vre e
1120 86.6 39 7 041 1011 114.4 Melt Preparation and Purification
1130 859 88. 3.4 100.4 113.7 . . . .
1140 I 8?33 32 6 %96 112.0 Chemically pure sodium chloride, recrystallized and
1150 87.4 919 98.9 112.2 fused, was used by Fedorov and Petrov [73]. The purifi-
1160 86.6 91.2 98.2 1115 cation of ScClg is given under the LiCl-ScCl; system.
1170 85.9 90.4 974 110.7
Temperature-dependent equations
y=a -+ bT .
Mol % RbCl a b+ 10? TaBLE 556. Electrical conductance studies: NaCl-ScCls
Y 197.3 —174 Investigations critically re-examined
25 184.0 | —74
50 1770 i —~74 Ref. ﬁgﬂ% Temp. range Comments
75 174.8 —7.6
100 169.5 74 73 | ~0-85 (g)! 833-1233 | Cell material: quartz cell; Mo

|

These values are based on the work of Bertozzi (Wilhelmy slide

plate method) [243].

1. Phys, Chem. Ref. Data, Yol. 4, No. 4, 1975

wire electrodes; calibration:
IN KCI solution

Comment: Refer to the system LiCl-ScCls, for remarks concerning
the experimenial method and accuracy of the study by Fedorov and
Petrov {73}

TaBLe 557. NaCl-ScCls: Specific conductance (ohm~! cm™?)

Mol lessk | 913k | 993K |10mK | 153X |12 K

) 355 | 374 | 389
10 202 | 311 | 327
2 205 | 227 | 244 | 263
30 | 116 | 142 | 164 | 182 | 200 | 216
44 .89 111 1.31 1.52 1.68 1.80
50 105 | 1922 | 136 | 146
60 115 | 122
70 ! 114
80 i 1.02

" These vslues have been interpolated to three significant figures
from the graphical presen:ation of Fedorov and Petrov (classical ac
technique) [73].
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Ficure 101. Temperature-composition phase diagram for NaCl-

SmCla.

B. G. Korshunov, D. V. Drobot, V. V. Bukhtiyarov and
S. N. Shevisova, Russ. J. Tnorg. Chem., 9, 773 (1964}.

Melt Preporation and Purification

Samarium irichioride was

prepared and analyzed as

described under the system KCI-NdCls. :

‘TaBLE 558. Electrical conductance studies: NaCl-SmCls

Investigations criticaily re-examined

SmCls
Rei. Mol %

Temp, range

Comments

19¢* | 0-100 (g) 1073

Cell material: quartz capillary
cell; Pt elecirodes; frea.
range: 100,000-250,000 Hz;
calibration: molten CsCl, KCI,

NaCi

Comment: Experimental details

sysitem KCI-NdCla.

sre briefly discussed under the

TapLe 559, NaCi-SmCis: Molar conductance {(ohm™* cm® mol™3)

Tol % NaCl 1073 K Mel % NaCl 1078 K
G 66.3 iy 212
1¢ TLC % 948
20 74.6 80 Q2.
3¢ 78.1 93 116.
40 83.3 100 137.
30 88.3

hye, Cherm. Ref, Data, Vol 4; We. &, 1978
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Ficure 102. Temperature-composition phase diagram for NaCl.

SrClz.

Erhard Vortisch, Neues Jahrb. Mineral,, Geol,, 38,

202 (1914).

Melt Preparation and Purification

In their viscosity measurements, Bertozzi and Soldani
[244] used carefully dried Merck and B, D. II. salts of
analytical purity without further purification.

TasLE 560. Density studies: NaCl-SrCls

Density

A study of this system has been reported by Kuz'micheva and
Zakhvalinskii [326]. No data are given. Isotherms were obtained at
10-20 malar percent sieps in the temperature range of 923-1173 K.
The densities were obtained using the hydrostatic method with a
Pt ball.

Tasie 561. Surface tension studies: NaCl-SrCla

Investigations critically re-examined

SrClz Temp. range
Ref, Mol % ()
244 0-100 (g) 1123

Comment: The surface tension data reported in reference [244]
were stated to be reproducible to within 0.5%.

TasLe 562. NaCl-SrCl:: Surface tension {dyn cm~?*)

Mol % SxCls 1073 K Mol % SrCls 1073K
0 114 60 142
10 118 70 148
20 122 80 155
30 126 90 162
40 132 100 1M
S0 136

These values have been interpolated to three significant figures from the graphical presentation of Bertozzi and Soldani (Wilhelmy slide plate

method) [244].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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NeaCl-ThCL
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Ficure 103. Temperature-composition phase diagram for NaCl-
ThCl,.

S, Yashida, R. Oyamada, T. Kuroda, Denki. Kagaku,
36, 297 (1968}.

Melt Preparation and Purification

Reagent grade NaCl [81] was dried under vacuum at
180 °C {for more than 24 hours, fused and cooled in an
argon atmosphere and finally crushed into fine particles.
Thorium tetrachloride was prepared by passing chlorine
gas lhrough a mixture of high purity ThOQ. and charcoal
at 850 °C. The product was purified by vacuum distillation
vielding large, colorless, transparent crystals which were
stored in a glove box under dry argon.

Kuroda [200] recrystallized commercial {cuaranteed
reagent) NaCl which was then vacuum dried for two days
at 120 °C. ThCl, prepared by chlorinating pure ThQO.,
was vacuum distilled. Mixtures were prepared by stirring
the fused melts in an argon atmosphere. Analysis for
ThCl, consisted in EDTA titrations before and after experi-
mental measurements,

TaBLE 563. Electrical conductance studies: NaCl-ThCl.

Investigations critically re-examined

ThCl, Temp. range
Ref. Mol % o Comments
81 20-100° 823-1123 | Cell material: quartz capillary

cell; Pt electrodes; freq.
range: 1000 Hz; calibration:
IN Kl solution

Deviations from previous NSRDS recommendations: [1, p. 9]

Ref. 1 ]\'11"2](:‘17‘0 ' Min. departure Max. departure
I
81 l 100 0.83% (1090 K) —5.2% (1170 K)

*Mixtures reported graphically.

TasLe 564. NzCl-ThCls: Specific conductance (ohm~* cm~1)

Mol% 1s23K | 873K | 923K | 973K | 1023K | 1073K
0 361
10 _ 246
20 150 | 162 | 180
30 0.88 1.00 112 122

40 0.88 1.00 1.12 1.24
50 0.70 0.85 | 092 1.02
60 0.68 0.78 0.89
70 0.58

These values have been interpolated to three significant figures
from the graphical presentation of Kuroda et al. (classical ac
technique) [81].

TaBLE 565. Density studies: NaCl-ThCl,

Investigations critically re-examined

Ref. 1\,}[‘:;](:;, Temp. range Cell material
200 0-100 |{ 668-1173 | Pt bob and suspension wire

Deviations from previous NSRDS recommendations: {1, pp. 4, 13]

Ref. l\rlf‘glcl/fb Min. departure Max. departure
200 100 2.2% (1120 K) 3.4% (1090 K)
200 0 2.7% (1080 X) 3.09% (1170 K)

d. Phys. Chem. Ref. Pata, Vol. 4, No. 4, 1975



1132 JANZ ET AL

TaBLE 566. NaCl-ThCl,: Density (g em™3)

Mol percent ThClg

T 100 78 60 | 53 45 40 36 33 30 27 24 20 16 11 0
670 2.939
680 3218 2.929
690 3.208 | 3.144 2.920
700 3.198 | 3.134 2.910
710 3188 | 3125 | 3.076 | 2.99% 2.900
720 3178 | 3.115 | 3.066 | 2986 | 2.945 { 2.891
730 3168 | 3105 | 3.056 | 2976 | 2935 | 2.881
740 3.27G 3.167 3.095 3.046 2.966 2.925 2.871
750 3266 | 3.147 | 23.085 | 3.037 | 2957 | 2915 | 2.861
760 3256 | 3.137 | 3.075 | 3.027 | 2947 | 2.906 | 2.852
770 3.246 | 3127 | 3.065 | 3.017 | 2937 | 2.896 | 2.842
760 3.236 3.117 3.055 3.007 2.927 2.886 2.832
790 3226 | 3107 1 3.045 | 2.997 | 2917 | 2.877 | 2.823 | 2.745
800 3216 | 3.097 | 3.035 | 2988 | 2908 | 2.867 | 2.813 | 2.736
810 3206 | 3.087 | 3.026 | 2978 | 2898 | 2.857 | 2.803 | 2.727
820 3276 | 3.196 | 3.077 | 3.016 | 2968 | 2888 | 2.848 | 2704 | 2.718
830 3.266 | 3.186 | 3.067 | 3.006 | 2.958 | 2.878 | 2.838 | 2.784 | 2.709
840 3255 | 3175 | 3.056 | 2.996 | 2.948 | 2.868 | 2.828 | 2.774 | 2.699
850 3245 | 3.165 | 3.046 | 2986 | 2939 | 2859 | 2818 | 2764 | 2.690
860 39238 2155 3036 | 2.976 2.929 2.849 2.809 2.755 2.681
870 3924 | 3.145 | 3.026 | 2966 | 2919 | 2839 | 2.799 | 2.745 | 2.672
880 3214 | 3135 | 3.016 | 2956 | 2909 | 2829 | 2789 | 2.735 | 2.663 | 2471
890 3203 | 3125 | 3.006 | 2.946 | 2.899 | 2819 | 2780 | 2.726 | 2.653 | 2462
900 3193 | 3115 | 2996 | 2936 | 2.890 | 2810 | 2.770 | 2.76 | 2.644 | 2454
910 3183 | 3.105 | 2.986 | 2.927 | 2.890 | 2.800 | 2.760 | 2.706 | 2.635 | 2445
920 3172 | 3.095 | 2976 | 2.917 | 2.870 | 2.790 | 2751 | 2.697 | 2.626 | 2.437
930 3.162 | 3.085 | 2966 | 2.907 | 2.860 | 2.780 | 2.741 | 2.687 | 2.617 | 2428
940 3151 | 3.074 | 2955 | 2.897 | 2851 | 2771 | 2731 | 2677 | 2607 | 2419 | 2.365
950 3141 | 3.064 | 2045 | 2.887 | 2841 | 2761 | 2.721 | 2.667 | 2.598 | 2411 | 2.357
960 3261 | 31311 3054 | 2935 | 2877 | 2.831 | 2.751 | 2712 | 2658 | 2.589 | 2402 | 2.348
970 3250 | 3120 | 3.044 | 2925 | 2.867 | 2.821 | 2741 | 2702 | 2.648 | 2580 | 2.394 | 2.340
980 3.240 | 3110 | 3.03¢ | 2915 | 2.857 | 2.811 | 2731 | 2.692 | 2.638 | 2.571 | 2.385 | 2.331
990 3229 | 3300 | 3.024 | 2905 | 2.847 | 2.801 | 2721 | 2.683 | 2629 | 2.561 | 2.376 | 2.323 |
1000 3218 | 3089 | 3.014 | 2895 | 2.837 | 2792 | 2712 | 2673 | 2619 | 2.552 | 2.368 | 2.314 ,
1010 3208 | 3079 | 3.004 | 2885 | 2.828 | 2.782 | 2702 | 2.663 | 2609 | 2.543 | 2.359 | 2.306 | 2.066
1020 3197 | 3.068 | 2994 | 2875 | 2.818 | 2.772 | 2692 | 2654 | 2600 | 2.534 | 2.351 | 2297 | 2.059
1030 3.186 3.058 2.984 2.865 2.808 2.762 2.682 2.644 2.590 2.525 2.342 2.289 2.051
1040 3175 | 3048 | 2974 | 2855 | 2.798 | 2.753 | 2673 | 2.634 | 2.580 | 2.515 | 2.333 | 2.280 | 2.04
1050 | 3.352 | 3.165 | 3.037 | 2963 | 2.844 | 2.788 | 2743 | 2.663 | 2.625 | 2571 | 2.506 | 2.325 | 2.272 | 2.036
1060 | 3.339 | 3.165 | 3.027 | 2953 | 2.834 | 2778 | 2.733 | 2.653 | 2615 | 2.561 | 2497 | 2.316 | 2.263 | 2.029
1070 3.325 3.143 3.016 2.943 2.024 2.768 2.723 2,643 2.605 2.551 2.468 2.308 2.255 2.021
1080 | 3.311 | 3.133 . 2299 | 2246 | 2014 | 1.546
1090 | 3297 | 3122 2290 | 2238 | 2.006 | 1.541
1100 | 3283 | 3.111 2282 | 2229 | 1.999 | 1.536
1110 | 3268 | 3.101 2273 | 2221 | 1.991 | 1.531
1120 | 3254 | 3.090 : 2265 | 2.212 | 1984 | 1.526
1130 i 1976 | 1.521
1140 ! 1.969 | 1.516
1150 ! 1.961 | 1511
1160 ; 1954 | 1.506
170 | 1946 | 1.501

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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Tarte 566. NaCLThCL: Density (g cm~3)—Continued

Temperature-dependent equations

p=a-+ bT
Mol % ThCl a b« 10*
0 2.086 —3.0
11 2.824 —7.5
16 3.164 —85
20 3.228 —8.0
24 3.472 —9.2
27 3.589 —9.7
30 3.643 ’ —9.7
33 3.692 —938
36 ) 3.772 —9.8
40 3.828 . —99
45 3.905 —10.1
53 4,024 —10.1
50 4.129 —104
78 4.288 —10.7
100 4.823 —14.0

These values are based on the work of Kuroda et al. {Archimedean method) [200].

NaCl-TiCl: TasLe 567. Electrical conductance studies: NaCL-TiCls
800 r T i Investigations critically re-examined
[
. : Ref. I\'{;F]‘;'o Tem{).Tl)'ange Comments
NaCl-TiCls !
| _t 55 | ~0~50* 1073 Cell material: quartz; Pt elec-
trodes; freq. range: 1400 Hz
prad 59 | ~0-50 (g) 1073 Cell material: quartz; Pt clec-
G 20 - ] trodes; freq. range: 1400 Hz
0 O~
~ 61 | ~0-32" 1073-1223 | Cell material: qunartz: freq.
[} range: 1150 Hz; calibration:
’3 0.02N KCI solution
-§ a Deviations from previous NSRDS recommendations: [1, p. 3]
[} TiCls T ;
g_ Ref. Mol % Min. departure Max. departure
2 600}~ B 61 0 —4.7% (1223K) | —5.19% (1123 K)
61 " —6.0% (1073 K)
*Graphical except for pure NaCl.
543 B
500 1 l J
o) 25 50
NaCl TiCly
Mol % TiCls
Ficure 104. Temperature.composition phase diagram for NaCl- Tapir 568. NaCLTiCl: Specific conductance (ohm ™" cm™2)
TiCl. Mol % TiCla 1073 K
B. F. Markov and R. V. Chernov, Ukrain. Khim. Zhur.. g 3.5
25, 280 (1959). 10 2.1
20 1.9
Kli} 1.7
a0 1.6
Melt Preparation and Purification These values have been interpoiated to two significant figures from
the graphical presentation of Delimarskii and Chernov (classical ac
Refer to the system KCI-TiCl,. technique) {55).

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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Ficure 105. Temperature-composition phase diagram for NaCl-

UCL.

C. A. Kraus, Report No. M-251, July 1, 1943. Con-
firmed at Oak Hidge National Laboratory, Oak Ridge,
Tenn., by C. J. Barton, et al. Phase Diagrams of
Nuclear Reactor Materials, R. F. Thoma, ed., ORNL-
2548, p. 133 (1959).

Melt Preparation and Purification

Mochinga [135, 137] prepared UCl; using the method
deseribed under the system KCl-UCl;.

TasLe 569. Electrical conductance studies: NaCl-UCle

Investigations critically re-examined

- UCl f Temp. range
Ref. Mol ;}c
135 0-100.(g) ' 973-1123
137 5.0-84.9 872-1225
190 10-100 (g) 1123

3. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

TasLe 570. NaCl-UCls: Specific conductance (ohm™ em™1)

Mol percent UCls

T | 849 [751 | 549 | 450 | 317 | 257 | 200 | 50
880 1.09 !
890 113 (
200 1.16
910 1.19 ‘
920 122
930 ‘ 1.25
040 . 1.28
950 |1.07 130 150 ]
960 ! 1.10 " 1.33 ‘1.53 I
70 113 1136 |156 |181
080 116 | 138 |159 | 183
990 118 | 140 |162 |186
1000 121 | 143 |164 | 180
1010 124 {145 l167 191
1020 104 | 127 {147 | 169 i1.94
1030 107 | 120 | 148 |L71 )19
1040 110 | 132 | 150 |173 [198
1050 112 | 135 | 152 |L75 | 200
1060 L15 | 137 |15¢ |176 {201
1070 093 |117 | 140 {155 178 |203 |214
1080 | 102 |096 120 | 142 | 156 |L79 }205 | 215
1090 | 106 |090 |122 {145 |1.58 {180 |206 ;217
1200 | 1.08 103 |15 | 147 |15 {181 |207 )2.18
110 | 111|105 |1.27 | 149 L8228 |2y
1120 134 [1.08 | 129 | 1.52 1.82 2.20
1130 1116 | 111 1131 | 154 2.20
1140 | 118 ;113 |1.33 | 156 2.21
1150 1.20 1.15 1.35 1.58 2.21
1160 {122 |118 | 1.37 | 1.60 : 2.20
1170 {124 {120 |1.38 | 163 ) 2.20
1180 | 126 [122 |140 | 165 !
1190 | 1.27 | 123 | 1.42 | 167 i
1200 | 128 | 125 | 143 | 1.68 ’
1210 | 129 | 126 | 145 | 170
1220 1.98 ;
Temperature-dependent equations
«=a- 6T 4 cT?
Mol % UCls a b 108 ¢+ 108
50 —13.663 27.709 —12.096
20.0 —7.244 15.749 —6.617
25.7 8915 18.644 —8.087
3L7 —5.969 12.641 —5.247
450 —3.736 7.101 —2.153
54.9 —5.992 16.902 —3.930
75.1 —10.676 18.336 ©—6.999
84.9 —12.551 21.953 | —8688

Thece values are baced on the work of Mochinaga et al. (classical

ac technique) [137].

TabsrLe 571. Density studies: NaCl-UCls

Investigations critically re-examined

Ref h}é?f% Temp, range Comments
135 1.6,8.7, 973-1273 | Cell material: quartz pye-
24.7,53.8 nometer; calibration: mciten

NaCl. KCl
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TasLe 572. NeCi-UChH: Density (g om™%) ' MNaCLUC:
Mol percent UCl ) " : | - | . ;
T 538  © 247 8.7 1.6
980 3642 | 27132 2.110 1.653 800 §
990 3611 2716 2.104 1.648 NaCl-UCl, ]
1000 3581 . 2700 2.097 1.642 S
1010 3.550 2.684 2.090 1.636 S 200 |
1020 3.520 | 2.668 2.083 1.631
1030 3489 | 2652 2.076 1.625 ® /
1040 3458 . 2.636 2,069 1619 3 \ 0—
1050 8428 | 2620 2.063 1614 £ sook \/4_-__._ S
1060 3.397 : 2.604 2.056 1.608 g— Sk- - =~
1070 3.367 ‘ 2.588 2.049 1.602 IE B ?, B |
1080 3.336 I 2,572 2.042 1.597 2
1090 3.306 2.557 2.035 1.591 200 T
}1?0 3.275 1 2.541 2.02¢ }.585 o 20 40 50 80 100
1110 3.244 2.525 2.022 1.580 NaGi uel
1120 3.214 2.508 2015 1.574 ) 4.
1130 3.183 2.493 2.008 . 1568 Mol % UCI4
1140 3.153 2477 2,001 i 1563 o
1150 3192 2461 1.994 1.557 Ficure 106. Temperaturc-composition phase diagram for NaCl.
1160 3.091 2.445 1.988 1.552 UCL.
1170 3.061 2429 1982 1'?4'6 C. J. Barion. R. J. Scheil, A. B. Wilkenson, and W. R.
1180 3.030 2413 1'9745 1‘3[:9 Grimes, Oak Ridge National Laboratory, Phase Dia-
1150 8.000 2"398 19?‘ 1‘f°° grams of Nuclear Reaclor Materials, R. F. Thoma,
1200 2.969 2.382 1.960 1.529 Cd., ORNL—QSS@, . 134 (1959)_
1216 2.03¢ 2.266 1.953 1.523
1220 2.908 2.350 1.947 1.518
1230 2.877 2.334 1.940 1.512
1240 2.847 2.318 1.933 1.506 Melt Freparation and Purification
1250 28164 2.302 1.92¢ 1.501 B :
1260 2.786 2.286 1919 1.495 The preparation of pure UCL. by Kuroda and
1270 2.755 2270 1912 1.489 Suzuki [52] is discussed under the KCi-UCL: system.
Temperature-dependent equations Bogacz and Ziolek [158] prepared and purified their
p=a-+bT salts using the procedure described under the system
o P b
Mol % UCL: a b+ 108 CSCI-UCL(.
1.6 22075 —0.5655
8.7 2.7796 —0.68928
24,7 4.2900 —1.5903 ; . N
53.8 6.6390 _3.0582 TaBrLE 573. Electrical conductance studies: NaCl.UClL
These values are based on the work of Mochinaga et al. (pyc- Investigations critically re-examined
nometric method) [135]. . Uck Temp. range
Ref. Mol % - Comments
52 32.9,50.4, | 673-1023 | Cell material: quartz U-tube;
100® Pt clectrodes; freq. range:
1000 Hz; celibration: 1IN KCI
solution

158 | 32.20-10C | 753-1001 Cell material: quartz U-tube;

! Pt electrodes; freq. range:

! 1 5000~10,00C Hz, measurements
at 10,000 Hz; calibration: KCl
| ‘ solutions and fused KNG,

E NaNOQ. 2nd KCI

i
i
Deviations from previcus NSRDS recommendations: [1, p. 9]

of the tyne:
s 2.0 X 107
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TasLe 574. NaClUCL: Specific conductance {chm™* ¢cm™?)

Mol percent UCkL

T 100.00 96.59 92.69 88.13 80.92 71.15 61.15 51.24 44.28 32.20
760 1 1080
770 1.055
780" 1.078
790 0.676 1.102
800 0.698 0.872 1.124
810 0.718 0.893 1.145
820 0.738 0.913 ) 1.166
830 0.534 0.598 0.7o8 0.932 1.025 1,186
840 0.551 0.625 0.777 0.951 1.043 1.205
850 0.491 0.567 0.649 0.795 0.969 1.061 1.224
860 0.462 0.507 0.583 0.672 0.812 0.987 1.078 1.241
87¢ 0.4435 0.478 0.523 0.599 0.094 0.829 1.003 1.094 1.258
880 0.436 0.460 0.492 0.538 0.614 0.713 0.846 1.029 1.110 1.275
890 0.451 0474 0.507 0.553 0.629 0.731 0.862 1.035 1.125 1.290
900 0465 0.488 0.521 (.568 i 0.644. 0.747 0.877 1.059 1.303
210 0.479 0.502 0.534 0.582 0.658 0,762 0.891 1.064 1.219
920 0.492 0.515 0.547 0.671 0.905 1.077
930 0.505 0.527 ‘ 0.685
940 0.518
50 .330 !

960 0.542 ;
970 0.554
980 0.565
990 0.576
1000 0.587 ]
Temperature-dependent equations
x=a-+ bT 4 cT?
Mol % TCL a b+ 10° ¢ 1u° Stand. dev.
32.20 —3.0620 8.2751 —3.8036 0.0015
44,28 —2.7660 7.2590 —3.2435 0.0006
51.24 —2.9084 7.3512 —3.2816 0.0003
61.15 —2.9391 6.9930 —3.0590 0.0012
71.15 —17.3136 16.3608 —8.2267 ' 0.0015
80.92 —2.2063 4.9065 ! —1.9335 0.0002
88.13 —2.4598 5.2991 —2.1502 0.0003
92.69 —2.5711 5.5043 —2.2988 0.0002
96.59 —2.6969 5.7034 —2.4051 0.0003
109.00 —2.2782 4.6911 l —1.8260 ] 0.0002

These values are based on the work of Bogacz and Ziolek (classical ac technique) [158].

TasLE 575. Density studies: NaCl-UGClL,

Investigations critically re-examined

Ref.

UCL
Mol %

Temp. range
Ty

Comments

15% |

32,20-100

T79-949

T
1
|

Cell material: Pt ball and

suspension wire inside quartz

| tube

Comment: Density data in reference [158] were reported in the
form of linear temperaiure dependent equations with standard
deviations in the range: 2.0 X 107% g em ™3 (32.20 mol % UCL) to
6.0 X 107* g cm™3 (100 mol ¢ UCL). The total error in density

measurements was reported to be = 0.2%.

J. Phys. Chem. Ref. Data, Veol. 4, No. 4, 1975
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Tasre 576. NaCl-UCL: Density (g cm™)
Mol percent UCl
T 100 9% 80 70 60 T 40 47
790 3.294
800 3.403 3.283 3.138
810 ! 3.391 3.272 3.128 3.079
820 3.378 3.260 3.117 3.069
830 3.461 3.365 3.248 3.106 3.058
840 3.447 3.351 3.235 3.095 2.926 3.048
850 3.512 3.432 3.337 3.222 3.083 2.916 3.036
860 3.497 3.417 3.323 3.209 3.072 2.906 3.025
870 3.550 3481 3.402 3.308 3.193 3.059 2.895 3.013
880 3.534 3.465 3.386 3.293 3.181 3.047 2.884 3.001
890 3.517 " 3448 3.370 3.278 3.167 3.034 2.873 2.988
900 3.500 3.431 33583 3.262 3.152 3.020 2.861 2975
910 3.482 3.414 3.337 3.246 3.137 3.006 2.894 2.962
920 3.465 3.319 3.229 3.122
930 3.446 3.212
940 3.428
Two-dimensional equation and statistical parameters
p=a4 bC - cC?> L dT® + eC® + fTC*
Stand.
a b - 107 c - 104 d -~ 107 e~ 107 f- 107 Max. percent departurc ©ITOoT
of est.
) ) . ! —0.40% (787.2K, 38.85
4.01834 —6.55152 ~—1.55434 —7.11184 ‘ —17.46456 1.46518 mol % NaCl) 0.14%
These values are based on the work of Bogacz and Ziolek {(Archimedean method) [158]. C = mol % NaCl.
TasrLe 577. NaCl-UCL: Density (g cm™3)
Mol percent UClL
T 100.00 96.59 92.96 88.13 80.92 61.15 51.24 44.28 32.20
780 3.181
790 3.322 3.169
800 3.308 3.157
81¢ 3.293 3.144
820 3.279 3.132
830 3.465 3.265 3.120 3.012
840 3.451 3.251 3.108 3.001
850 ) 3.493 3.436 3.236 3.096 2991
860 3516 3.479 3.421 3.222 3.084 2.981
870 3.558 3,527 3.500 3.465 3.406 3.208 3.071 2,971
880 3.539 3,510 3.485 3.450 3.391 3.1%4 3.059 2.961 2.732
890 3.519 3.494 3.469 3.436 3.377 3179 3.047 2,950 2.724
900 3.500 3478 3.453 3.421 3.362 3.165 3.035 2,940 2.716
910 3.480 3462 3438 3.407 3.347 3.151 3.023 2.930 2.708
920 3.461 3.446 3.422 3.332 3.136 3.011
930 3.441 3.430
940 3.422
Temperature-dependent equations
p=a-+bT
Mol % UCL a b - 10% Stand. dev.
32.20 3.4098 —7.707 0.0002
44.28 3.8614 —10.237 0.0003
51.24 4.1201 —12.157 B 0.0003
61.15 44491 —14.268 : 0.0004
80.92 4.6915 ~14.773 ! 0.0006
88.13 47175 —14.402 i 0.0006
92.96 4.8592 —15.620 0.0003
96.59 49313 —16.147 0.000¢
100.00 5.2508 —19.455 0.0006

These values are based on the work of Bogacz and Ziolek (Archimedean method) [158].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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NaCi-ZnCl- ‘TaBLe 578. Electrical conductance studies: NaCl-ZnCla
T T T T T T T . ! Investigations critically re-examined
800+
. ZnCl Temp. range | .
NaCl-ZnCl, Ref. Mol 720 ' Comments
108, 37.4-100 532-883 Cell material: silica glass; Pt
G 500k v _ 197° electrodes; freq. range: 500—
o 50,000 Hz; calibration: 0.1
o L liquid 4 and 1.0 demal KCl solutions
E 410 (25°C)
S o0} : =
g 129* | 729 (g) 533-873 Cell material: silica glass; Pt
£ N 5 i electrodes; freq. range: 1000—
ﬁ 322° 2 6000 Hz; calibration: fused
© o KNO; and KCI
300+ O™~0 N -
© © Deviations from previous NSRDS recommendations: [1, p. 10]
N
z62 ' Ref. ZnCls Min. departure Max. departure
! I 1 Mol %
o} . 20 40 60 80 100 108 100 —3.0% (830K) —53.0% (627 K)
I NaCt
Znclz Mol % NaCl 0_ A brief discussion of the frequency dependence of conductance

Ficure 107. Temperature-composition phase diagram for NaCl-
chlz.

N. N. Evseeva and A. G. Bergman, Izv. Sekt. Fiz.-Khim.
Anal,, Inst. Obshch. Neorg. Khim,, Akad. Nauk S.S.S.R.,
21, 208 (1952).

Melt Preparation and Purification

Weeks [108] and Bloom and Weeks [197,198,199]
used B.D.H. (AR) NaCl without further purification
except for vacuum drying 2t 400 °C for three hours. Their
purification of ZnCl, is described under the system CsCl-
7nCly. Following experimental measurements, the zinc
chloride-alkali chloride mixtures were analyzed for Zn**
and Cl” and the amount of alkali chloride was obtained
by difference. Weight titrations were performed according
to the method of Vogel (A.l. Vogel, “Quantitative Inor-
ganic Analysis,” 3rd Ed., Longmans, Green and Co.,
London, 1966).

Kochergin et al. [129] used “chemically pure” grade
NaCl and ZnCl, which were recrystallized twice from water
and heated at 500 °C. Zinc chloride was fused and dehy-
drated with HCl gas. Conductance and density measure-
ments were also made on melts which were treated with
metallic zinc.

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

in references [108, 197] is to be found under the system KCl-ZnCl..
Overall accuracy in the recommended values were reported to be
0.5% and 0.3% for pure zinc chloride and for mixtures respectively.
Weeks [108] reported experimental specific conductivities and
Bloom and Weeks [197] list results using Adam-Gibbs equations,
A=Aexp* (—B/TIn (T/T.)).

*Kochergin et al. [129] showed that differences of 15 to 20%
were found in the experimental conductivity values depending upon
whether the melts were previously treated with metallic zinc. Re-
sults suggested that hydrogen in the melt was removed by the

zinc metal treatment resulting in a sharp decrease in electrical
conductivity,
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113¢
Taerz 579, NaCl-ZznCl.: Specific conductance (ohm™% em™%)
Mol percent ZnCl.
T 100.00 97.36 89.94 84.17 79.16 69.65 61.88 47.50 3740
540 0.1897
-560 0.1687 0.2408
580 0.02940 0.06393 0.09719 0.2176 0.2962
600 0.001863 0.008684 0.04079 0.08659 (.1312 0.2692 0.3553
620 0.003460 0.01286 0.05600 0.1131 (.1686 0.3231 04175 0.5551
640 0.006394 0.01991 0.07490 0.1433 0.2091 0.3791 0.4821 0.6478
660 0.01098 0.02991 0.09735 0.1769 0.2522 0.4369 0.5485 0.7374
680 0.01753 0.04296 0.1232 0.2137 0.2979 0.4961 0.6161 0.823%
7 0.02635 0.05912 0.1524 0.2535 0.3456 0.5567 0.6842 0.9073 0.9851
720 0.03776 0.07848 0.1848 0.2962 0.3953 0.6182 0.7523 0.9876 1.073
740 0.05208 0.1011 0.2202 0.3414 0.4465 0.6804 0.8196 1.065 1.158
760 0.06961 0.1271 0.2585 0.3889 0.4990 0.7431 0.8856 1.139 1.240
780 0.09067 0.1566 0.2996 0.4386 0.8059 1.210 1.318
800 0.1156 0.1896 0.3433 0.4902 0.8686 1.278 1.354
820 0.1446 0.2262 0.3896 0.5436 0.9309 1.343 1.466
840 0.1781 0.2664 0.4383 0.5984 0.9926 1.404 1.536
860 0.3105 . 0.4893 0.6545 i 1.0s3 1.463 1.602
880 | 1113 1519
Temperatnre-dependent equations
k=a- bT 4 cT? + dT?
Mol % ZnCl. a b« 108 I ¢+ 10° d 109 Stand. error of est.

37.40 —4.0530 9.9178 —3.8864 0 0.33%

47.50 —3.8540 9.5115 —3.8709 0 0.61%

€1.88 2.7513 —15.7520 27.4785 —13.1346 0.46%

69.65 0.9535 —6.9520 i 13.0714 —5.6426 0.23%

79.16 1.8818 —9.8304 15.1987 —6.1291 0.44%

084.17 2.0525 ~-9.3958 } 12.8830 —4.,4754 0.41%

89.94 1.9342 —17.9397 : 9.5769 —2.6725 0.31%%

97.36 0.81694 —2.22235 i 0.44201 1.69466 2.12%

100.00 —0.97574 5.55341 —10.95067 ’ 6.51758 1.30%

These values are based on the work of Bloom and Weeks (classical ac technique) [108, 197].

TaBLE 580." Density studies: NaCl.ZnCl.

Investigations critically re-examined

Zn C}z

Temp. range

Ref. Mol % ) Comments
108, 35-100 557880 Cell material: silica pyc-
199 nometer; calibration: water
129 72.9 (g) 583-873 Celi material: Pt sphere and
Pt suspension wire

165 50 673-873
193 10-100 873,973
194 | 0-100 (g) 873

Deviations from previous NSRDS recommendations: {1, p. 10]
Ref. ]%ZICS;{; Min. departure Max. departure
108, —0.08% (683K) 0.40% (600K)
199 | 100
193 100 —021% (873K)

Density measurements in references [108, 199] were corrected
for thermal expansion of the silica glass and the total correction
was 0.05-0.1%. The overall accuracy was reported to be between

0.05%

and 0.1%.

Weeks [108] reported experimental density

values while Bloom and Weeks [199] gave results in the form of
linear temperature dependent equations with standard deviations in
the range: 0.30 X 107% g cm ™2 (44.7 mol % ZnClL:) to 1.75 X 10~3
g em ™2 (93.8 mol % ZnCly).

J. Phys. Chers, Ref. Daia, Vol. 4, Ne. 4, 1975
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TasLe 581. NaCl-ZnCl.: Density (g cm™3)

Mol percent ZnCl. .
T 1100.00 | 97.39 95.40 93.79 90.30 87.50 | 80.80 75.60 70.20 60.40 59.30 53.40 I 44.70 35.00

560 ! 2.378

570 2431 2.375 2372 2.331
580 2.440 2425 2.368 2.365 2.325
590 | 2.525 2518 | 2.513 2.503 2493 2,434 2418 2.361 2.358 | 2.318

600 | 2.520 2.512 2.507 2,498 2.487 2474 2.451 2.428 2.412 2.355 2.352 2.311
610 } 2,515 2.507 2.502 2.492 2.481 2.469 2.445 2.422 2.405 2.348 2.345 2.305
620 | 2.509 2.501 2,496 2.486 2.476 2.463 2439 2.416 2.398 2.341 2.338 2.298
630 1 2.504 2.496 2.491. 2.430 2.470 2457 2433 2.409 2.392 2.335 2.331 2.292
640 |2.499 2.490 2.485 2475 2465 2.452 2.427 2403 2.385 2.328 2.325 2.285 2.216
650 |2.493 2.485 2.480 2.469 2459 .| 2446 2.421 2.397 2.378 2.321 2.318 2.279 2.209
660 | 2.488 2479 2.474 2.463 2454 2.440 2.415 2.391 2372 2314 2.311 2.272 2.203
670 | 2.483 2474 2.468 2.457 2.448 2.434 2408 2.384 2.365 2.308 2.305 2.265 2.196
680 | 2.478 2.468 2.463 2.452 2443 2.429 2.402 2.378 2.359 2.301 2.298 2.259 2.190
690 | 2472 2.463 2457 2.446 2437 2423 - | 2.396 2372 2.352 2.294 2.291 2.252 2.183
700 | 2.467 2.458 2.452 2.440 2431 2417 2.390 2.366 2.345 2.288 2.285 2.246 2177 -
710 | 2.462 2452 2.446 2.434 2.426 2411 2.384 2.360 2.339 2.281 2.278 2.239 2171
720 12456 2447 2.441 2.429 2.420 2406 | 2.378 2.353 2.332 2.274 2.271 2.232 2.164
730 {2.451 2.441 2.435 2.423 2.415 2.400 2.372 2.347 2.325 2.267 2.265 2.226 2.158

740 | 2.446 2.436 2.430 2417 2.409 2.394 2.341 2.319 2.261 2.258 2.219 2.151 2.084
750 | 2.441 2.430 2,424 2411 2,404 2.389 2.325 2.312 2.25% 2.251 2.213 2.130 Z.U8
760 |2.435 2425 2.419 2.406 2.398 2.383 2.328 2.306 2.247 2,244 2.206 2.138 2.071
770 12.430 2419 2.413 . 2.393 2.377 2.322 2.299 2.240 2.238 2,199 2.132 2.065
780 }2.425 2414 2.408 , . 2.387 2.292 2.231 2.193 2.126 2.058
790 {2.419 2.402 ’ 2.381 2.286 2.224 2.186 2.11% 2.052
800 }2.414 2.397 i 2376 2.279 2.218 2.180 2113 2.045
810 {2.409 2.391 ;2370 2272 2.211 2.173 2.106 2.039
820 |2.403 2.386 I 2.365 2.266 2.204 2.167 2.100 2.032
830 }2.398 2.380 i 2359 ’ 92950 2.198 2.160 2.093 2.026
840 2.374 i 2.354 2.253 2.191 2.153 2.087 2.019
850 2.369 i 2.348 2.246 2184 2.147 2.081
860 2.363 ;2343 2.239 2.178 2.140 2.074
870 ! 2.171 2.068
. 880 % | . 2.164
Temperature-dependent equations
p=a- 0T
Stand. error
Mol % ZnCl: a b« 10% of est.
35.00 2.5626 . —6.4660 0.05%
44.70 2.6269 —6.4288 0.02%
53.40 2.7068 —6.5899 0.08%
59.30 2.7530 —0.6697 0.09%
60.40 , 2.7582 —6.7248 ) 0.08%
70.20 2.809? —6.6202 0.10%
75.60 2.8011 —06.2198 0.05%
80.80 2.8189 —6.1266 0.03%
87.50 2.8179 —3.7254 0.04%
90.30 2.8202 —5.5558 0.28%
93.79 2.8427 —5.7501 0.08%
95.40 2.8391 —5.5320 0.11%
97.39 2.8425 —5.5535 0.07%
100.00 2.8375 —5.2926 0.09%

These values are based on the work of Bloom and Weeks {pycnometric method) [108, 199].

3. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TaBLE 582. Viscosity studies: NaCl-ZnCl.

Investigations critically re-examined

ZnCl Temp. range
Ref. Mol % T8 Comments
108, | 44.3-88.3 533-772 Cell material: Pyrex glass
198 viscometer with Pt wire elec-
trodes; calibration: 30-65%
sucrose solutions

*Visenmeters used in references [lﬂé, 198] were recalibrated
after each experiment with a reproducibility of 0.3%. The overall
accuracy of the viscosity measurements was estimated to be 0.5%.

TaBLe 583. NaCl-ZnCl.: Viscosity® (cp)

Mol percent ZnCl,

88.3 79.3 69.6 619 : 44.3
T n T ! 9 T n T 7 T Ul
578.3 298.3 5703 ¢ 930 £52.8 485 5330 43.7 631.6 | 641
587.3 234.8 578.7 77.0 563.8 39.5 544.7 34.5 611.8 6.03
598.5 175.5 580.1 . 612 - 571.5 34.7 553.6 29.35 651.7 5.58
608.7 135.6 5991 ! 512 586.8 26.7 564.1 24.56 663.2 5.13
616.3 113.4 609.4 42.4 597.1 22.81 573.1 21.38 675.1 4.70
629.5 86.5 62111 4.8 ' 606.4 20.04 585.1 1 17.82 685.5 4.39
640.3 70.4 629.7 30.3 620.3 16.57 595.5. - 1550 696.4 412 -
651.2 574 645.1 2411 ; 630.8 14.53 6064 | 1355 709.9 3.78
660.4 49.6 655.2 20.94 641.1 12.83 617.1 11.94 723.1 3.51
671.4 411 665.4 18.28 653.4 11.20 627.3 10.62 7354 3.29
680.3 36.0 675.2 16.22 665.0 9.95 637.7 9.55 744.7 314
689.6 31.0 684.8 14.50 675.8 8.91 648.9 8.52 7517 2.94
703.9 249 694.9 12.90 694.5 7.50 660.7 7.64 770.9 2.86
716.8 21.05 T03.4% S LLT77 705.0 6.85 671.1 6.98
729.7 18.12 714.7 10.49 715.0 6.32 682.1 6.35
7517 14.23 7270 9.29 726.1 5.79 694.9 5.73
769.4 12.04 736.3 8.48 737.6 5.35 7044 5.31
7457 7.80 %47.6 5.03 7183 - 480
755.3 17 756.9 4.71 7319 4.39
768.4 6.46 769.2 ; 4,36 7450 4.02
! 756.8 3.7
772.3 3.44

Temperature-dependent equations
n=Aexp[B/TIn (T/Ts]

Mol % ZnCl, A4 - 107 B - 10-* To 323?3?53 '
4.3 0.5275 0.1336 2730 2.14
61.9 0.4164 0.1822 255.9 6.57
69.6 0.2962 0.2510 296.1 7.16
79.3 0.3051 0.2544 261.2 2.09
88.3 0.3128 0.2776 287.3 8.29

*Since statistical analysis of the data to poiynomial and exponential equations yielded poor fits, only the experimental values are reported.
In addition. a fit of the data by the authors to the cquation = A exp (B/T In (T/T.)) is included.
These values are based on the work of Bloom and Weeks (capillary method) [108, 198].
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Ficure 108. Temperature-composition phase diagram for NaCl-
ZrCl,.

R. E. Thoma, Oak Ridge National Laboratory, ORNL~
2548, p. 129 (1959).

Melt Preparation and Purification

Howell and Kellogg [10] dehydrated reagent grade
NaCl by evacuating the melt for two days at 400 °C and
at a pressure of 0.2 microns. The ZrCl; was hafnium free
material {U.S. Bureau of Mines, Albany, Oregon) and
was purified by treatment with hydrogen gas at 200 °C
(reduction of iron to nonvolatile ferrous form), followed
by vacuum sublimation into glass ampoules which were

JANZ ET AL

then evacuated, sealed and stored. The purified ZrCl, was
introduced into the “dipping electrode” conductivity cell,
containing the NaCl melt, by heating the ampoule until
thermal expansion ruptured the thin glass. Spectrographic
analysis of the purified ZrCl; indicated the following
impurities: 30 ppm Al, 2 ppm Bi, 10 ppm Cu, 15 ppm Fe,
5 ppm Mn, 5 ppm p, 10 ppm Pb, 20 ppm Sn, and <
1 ppm Mg.

TaBLE 584. Electrical conductance studies: NaCl-ZrCl,

Investigations critically re-examined

Ref. I‘%I!;)(]H% Teml(:)T;‘ange Comments
10 | 614, 65.0, 594-646 Cell material: Pyrex cell;
66.0 W electrodes; freq. range::
4950~20,000 Hz; calibration:
0.IM KCl solution
54 0-31.9 723-1123 | Cell material: Pyrex and
quartz cells; Pt electrodes;
variable freq. range; calibra-
? tion: 1N KCl solution

Deviations from previous NSRDS recommendations: {1, p. 4]

Ref. ]V7[;f {% Min, departure Max. departure
54 0 —3.5% (1123 K) —3.9% (1073 K)

Comment: Howell and Kellogg [10] stated that the absolute
accuracy of their conductivity values may be in error by as much as
+10% due to the frequency extrapolation used.

Due to the volatility and strong tendency for ZrCl to dissociate,
Belozerskii and Freidina [54] minimized the experimental time for
their conductance measurements.

TasLe 585. NaCl-ZrCli: Specific conductance (ohm™! ¢cm™1)

Mol percent ZrCle

T 31.9 31.7 20.2 19.9

18.5

14.5 1.7 3.3 3.1

723.2
823.2
873.2
923.2
973.2
1023.2
1073.2
1098.2
1123.2

0.80
0.95
112

1.06 1.08

1.08
116

1.45

1.26
1.48

1.74
1.83
1.97

241
2.83
3.01

2.88
3.08
3.34

2.68 3.34
3.42

3.60

3.36

These values are based on the work of Belozerskii and Freidina (classical ac technique) [54]. Due to ]imiiéd data, the experimental values

are given.
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Melt Preparation and Purification

Bloom et al. [103] and Bloom and Macky [49] used
Koch-Light RbCI without further purification; the. prepara-

phase diagram for PbCle-

T. Liebisch and E. Korreng, Sitzb. Preuss. Akad. Wiss.,
192-212 (1914).

tion of pure PbCl: is discussed under the CsCl-PbCl,
system.

Dahl and Duke [238] used RbCl, obtained from A.D.
MacKay Inc., without further purification except for dry-
ing. “Baker Analyzed” reagent PbCl, was fused at tem-
peratures slightly above the melting point, crushed and
stored in a drying oven at 110 °C.

TaBLe 586. Electrical conductance studies: PhCl-RbCl

Investigations critically re-examined

Commente

RbCl Temp. range
Ref. | Mol % (1)
49 0-90 723-1123 | Calibration: silica cell; Pt
. electrodes; {req. range: 1000
Hz; calibration: 1M KCl
solution at 25 °C

Deviations from previous NSRDS recommendations: {1, p. 131

Ref. N]}gc[},g Min. departure Max. departure
49 0 —0.41% (873 K) —0.70% (923 K)

Comment: Bloom and Macky [49] estimated the accuracy of their
conductance measurements on molten mixtures to be =#0.5%.

TasLe 587. PbCl-RbCl: Specific conductance (ohm™1 em™1)

Mol percent RbCl

T 90.0 75.0 66.7° 50.0 33.3 15.0 0.0
740 0.603 0.745 0.925 1135
760 0.668 0.815 0.994 1.227
780 0.808 0.732 0.883 1.062 - 1316
800 0.859 0.795 0.949 1.128 1.402
820 0.909 0.857 1.014 1193 1.486
840 0.960 0,918 1.076 1.256 1.567 1.780
860 1.011 0.979 1.137 1.318 1.646 . 1.865
886 1.061 1.038 1.195 1.378 1722 : 1.950
900 1.112 1.097 1.252 1436 - 1.796 2,033
920 1.164 1.155 1.307 1.493 1.867 2.115
940 1.244 1.215 1.212 1.360 1.549 1.936 2.196
960 1.303 1.266 1.268 - 1411 1.602 2.002 2.276
398G 1.362 1.318 1.324 - 146U 1.655 2.065 2.354
1000 1421 1.370 1.378 1.507 1.705 2,126 2432
1020 1.480 1.422 1432 1.552 1.754 2.184 2.508
1040 1.540 1.474 . 1484 1.596 1.802 2.240 2.583
1060 1.599 1.526 1.536 1.637 1.848 2.293 2.658
1080 1.658 1.578 1.588 1.677 1.892 2.344
1100 1717 1.631 1.638 1.714 1.935 2.392
1120 L776 1.683 1.687 1.756 1.976 2.437
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TasLe 587. PbCL-RbCl: Specific conductance (ohm™* ecm™?)—Continued

JANZ ET AL

Temperature-dependent equations

k=a -+ bT + cT?

Mol % RbCl a b 103 ¢« 107 Sta:;i;:sezror
0.0 —2.8404 6.6977 —14.256 0.32%
150 —4.0501 §.3739¢ —31.981 0.299,
33.3 —2.7502 6.4194 —19.638 0.12%
50.0 —3.1886 70790 —23.834 0.29%
66.7 —2.3894 4.8322 —10.647 0.23%
75.0 —1.0421 2.2331 1.7878 0.11%
90.0 —1.5387 2.9600 0 0.64%
These values are based on the work of Bloom and Macky (classical ac technique) [49].
TasLe 588. Density studies: PbCl-RbCl
Investigations critically re-examined
Ref. “}} Olic%’ Tem{:i_’gange Cell material | Calibration
103 0-100 873-1198 | 10% Rh-Pt sinker| Water
142" 0-100 8751200
Deviations from previous NSRDS recommendations: [1, pp. 6, 13]
Ref. I\Pd{ohlc%i Min, departure Max. departure
103 0 —0.04% ( 920 K) —0.02% ( 960 K)
103 100 0.10% (1000 K) 0.41% (1200 K)
*Data from reference [103].
Conunents: A brief discussion of the corrections applied by Bloom
et al, [103] in their density measurements is given under the
NaCl-PbCl: system. Data were given in the form of linear tempera-
ture dependent equations with standard deviations in the range of
07 X 107® g em™® (100 mol % RbCl) to 20 X 1072 g em™3
(0 mol % RbCI).
TasLe 589. PbCl-RbCl: Density (g cm™3%)
Mol percent RbCl
T 1000 82 | 69.7 614 414 216 0.0
880 3.094 3.264 3.725 4.227
890 3.082 3.253 3.712 4213
900 3.071 3.241 3.700 4.199
910 3.059 3.229 3.687 4,185
920 3.048 3.218 3.674 4171 4.730
930 3.036 3.206 3.661 4.157 4.715
940 3.025 3.195 3.649 4.143 4.701
950 3.013 3183 3.636 4.130 4,686
960 3.002 3172 3.623 4116 4,671
970 2.990 3.160 3.611 4.102 4.656
980 2.622 2979 3.149 3.598 4,088 4.642
990 2,613 2.967 3137 3.585 4.074 4.627
1000 2.240 2.604 | 2.956 3125 3.573 4,060 4.612
1010 2.231 2.595 ’| 2.944 3.114 3.560 4.046 4.597
1020 2.223 2.586 ! 2.933 3.102 3.547 4.032 4.582
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TapLE 589. PbCl-RbCl: Density (g em™3)—Continued
Mol percent RbCl
T 100.0. 85.2 69.7 61.4 41.4 21.6 0.0
1030 2.214 2,571 2.921 3.091 3.534 4.018 4.568
1040 2.206 2.568 2.910 3.079 3.522 4.004 4.553
1050 2.197 2.559 2.898 3.068 3.509 3.990 4.538
1060 2.189 2.550 2.887 3.056 3.496 3.977 4.523
1070 2.180 2.541 2.875 3.045 3.484 3.963
1080 2172 2.532
1090 2.163 2.523
1100 2.155 2,514
1110 2.146 2.505
1120 2.138
1130 2.129
1140 2.121
1150 2.112
1160 2.103
1170 2.095
1180 2.086
1190 2.078
Temperature-dependent equations
p=a-+ bT
~ Mol % RbClH a b 10° Stand. dev.
0.0 6.0890 —1.477 0.002
216 54510 —1.391 0.001
414 4.8425 —1.270 0.001
614 4.2805 —~1.155 0.001
69.7 4.1049 —1.149 0.001
85.2 ; 3.5064 —0.902 0.001
100.0 i 3.0918 —0.852 0.0007
These values are based on the work of Bloom et al. (Archimedean method) [103].
TasLE 590. Surface tension studies: PbCl-RbCl
Investigations critically re-examined
Ref. I\?Oti(:%; Temp. range Comments
238 0-72.50 745-861 Cell material: Pt-10%Rh
capillary, melt contained in Pt
crucible; calibration: diameter
of capillary wae meacured with
microscope and checked with
measurements on benzene as
in 238
254 0-72.5 745-861 Same as for 238

Comment: Remarks concerning reference [238] are given under
the system LiCl-PbCl., Surface tension data for pure PbCl. [238]

are recommended in NSRDS-NBS-28 [21.
Tasre 591. PbCl-RbCl: Surface tension (dyn cm™1)
Mol percent RECI
T 72.50 57.77 55.00 50.92 - 31.90 19.80 3.96 0.00
750 111.8 110.9 111.9 115.8 1235
755 111.2 110.6 1114 1153 123.0
760 110.7 110.2 111.0 114.8 122.5
765 110.2 109.8 110.5 1143 1219
770 109.7 109.5 110.1 1138 1214
e 109.2 109.1 109.6 1134 120.9
780 108.7 108.7 109.1 1129 120.4
785 108.2 108.4 108.7 1124 119.9
790 107.7 108.0 108.2 1119 119.4 131.1
795 107.1 107.6 107.8 111.4 118.8 130.5 1349
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TasLe 591. PbCl-RbCl: Surface tension (dyn em™*) —Continued

Mol percent RbCl

T 72.50 5171 55.00 50.92 31.90 19.80 3.96 0.00
800 106.6 107.3 107.3 1109 118.3 129.9 134.3
805 106.1 106.9 106.9 110.4 117.8 129.3 133.6
810 105.6 106.5 H 106.4 109.9 117.3 128.7 133.0
815 105.1 106.2 105.9 109.4 116.8 128.1 1324
820 104.6 105.8 105.5 108.9 116.3 1276 131.8
825 105.4 105.0 1084 115.8 127.0 131.1
830 105.1 104.6 107.9 115.2 126.4 130.5
835 1047 104.1 107.4 114.7 ! 125.8 129.9
840 104.5 104.3 103.7 106.9 114.2 ; 125.2 129.3
845 104.1 104.0 103.2 106.4 113.7 124.6 128.7
850 103.7 ) 103.6 124.0
855 103.3
860 1029

Temperature-dependent equations
y=a- bT
Mol % RbCI | p b 107 Stand. error
06.00 233.6772 —12.4284 0.49%
3.96 224.1056 —11.7755 0.22%
19.80 200.7342 —10.3011 0.20%
31.90 189.8578 —9.8722 0.29%
50.92 180.3699 —6.1331 ) 0.33%
55.00 ; 166.1787 —7.3647 0.87%
brivs ! 188.6019 ~10.2465 0.16%
72.50 : 174.1704 —38.2888 0.54%

These values are based on the work of Dahl and Duke (maximum bubble pressure method) [238].
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Ficure 110. Temperature-composition phase diagram for PbhCl..

TICL

1) C. Sandonnini, Atti Accad Lincei, 22 II, 20
(1913).

2) L. 1. Pavorskii, Ann secteur and phys. chem. Inst.
chim. Gen. (US.S.R.), 13, 281 (1940).

3) I. I IPyasov and A. G. Bergman, Zhur. Neorg.
Khim.,, II [12], 2771 (1957).
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Melt Preparation and Purification

Lantratov and Moiseeva [68] purified PbCl, and TICl
by heating the salts in a stream of dry HCl gas. The
purified materials were kept in ground glass stoppered
vessels and stored in a desiccator. Prior to experimental
measurements the mixtures were subjected to a dry HCI
zas stream for a period of 14 to 1 honr.
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TasLE 582. Electrical conductance studies: PbCl,-T1Cl

Investigations critically re-examined

. TIC Temp. range
Ref. ! Mol % () Comments
68 0-100 723-973 Celi material: quartz capillary

cell; Pt electrodes; freq.
range: 1000-3000 Hz; calibra-
tion: molten KCl, PbCl. and

KNO,
Deviations {rom previous NSRDS recommendations: [1, p. 131
Ref. Nlll;llCl% Min, departure Max. departure
68 100 —1.03% (723 X) —3.31% (873 K)
68 0 ~—0.18% (823 K) 0.09% (775 K)

TasLe 593. PbCI-TICI: Specific conductance (ohm~3 em~1)

Mot % TICI

T 100 90 86.5 75 59 50 33.3 26 15 10 0
730 1.182 1.063 1.026 0.973 1.001 1.041 1.105 1.070 1.116
740 1.216 1.003 1.057 1.005 1.034 1.070 1.125 1.108 1.156
750 1.250 1.123 1.089 1.038 1.066 1.099 1.165 1.147 1.195
760 1.283 1.153 1.120 1.070 1.097 1.128 1.195 1.184 1.235
770 1.317 1.183 1.151 1.102 1.129 1.157 1.226 1.222 1.273
780 1.350 1.213 1.182 1.134 1.160 1.187 1.956 1.250 1.312 1.331 1.493
790 1.383 1.244 1213 1.165 1.191 1.216 1.286 1.295 1.349 1.370 1.543
800 . 1415 1.274 1.244 1.196 1.222 1.245 1.317 1.332 1.387 1.409 1.591
810 i 1.448 1.305 1.274 1.227 1.253 1.274 1.347 1.368 1.424. 1.448 1.639
820 < 1480 1.336 1.305 1.257 1.283 1.304 1.378 1403 .| 1460 1.486 1.686
830 1.512 1.367 1.335 1.287 1.313 1.333 1.409 1.439 1.497 1.523 1.733
840 1.544 1.398 1.365 1.317 1.343 1.362 1 1.439 1.473 1.532 1.560 1.779
850 1.575 1.430 1.395 1.346 1.373 1.391 1.470 3.508 - 1.567 1.597 1.824
860 i 1607 1.461 1.425 1.375 1.403 1.420 1.501 1.542 © 1602 1.633 1.868
870 1.638 1.493 1.455 1.404 1.432 1.450 1.532 1.576 . 1.636 1.668 1.912
880 1.669 1.525 1.484 1.433 1.461 1.479 1.563 1.609 1.670 1.703 1.955
8906 1.699 1.557 1.514 1.461 1.490 1.508 1.594 1.642 i 1704 1.737 1.997
900 1.730 1.589 1.543 1.489 1.518 1.537 1.625 1.675 © 1737 1.771 2.038
910 1.760 1.621 1.572 1.516 1.546 1.567 1.657 1.707 1.769 1.804 2079
920 1.790 1.654 1.601 1.543 1.575 1.596 1.688 1.739 . 1801 1.836 2.119
930 1.820 1.687 1.630 1.570 1.602 1.625 1.719 1.770 . 1.833 1.868
940 1.849 1.719 1.658 1.597 1.630 1.654 1.751 1.801 i 1.864 1.900
950 1.878 1.752 1.687 1.623 1.657 1.683 1.782 1.832 b 1.895 1.931
960 1.908 1.786 1.715 1.649 1.685 1.713 1.814 1.863 © 1925 1.961
970 1.936 1.819 1.743 1.674 1.712 1.742 1.845 1.893 1.955 1.991
Temperature-dependent equations
k=a -+ bl 4 T2
Mol % TIC1 a be 103 ¢ 100 Sta:fd;:::l:mr
0 —4.5690 10.5707 —3.5880 0.329%
10 —3.4521 8.2686 ; —2.7397 0.13%
15 —3.0120 7.2773 . —2.2233 0.26%
26 ’ —2.7443 6.5768 : —1.8521 0.53%
33.3 —0.9097 2.5147 i 0.3356 0.29%
50 —1.0927 29223 : 0 0.87%
59 —1.9746 49175 —1.1519 0.25%
75 ~2.2859 5.6224 —1.5873 0.25%
86.5 —1.6734 4.2302 —0.7296 0.06%
9 —0.6681 1.7886 0.799¢ 0.50%
100 —1.9020 5.0391 i —1.1154 0.55%

Thesc values are based on the work of Lantratov and Moisceva (classical ac tcc]miq‘ue) [68].
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TaBLE 594. Density studies: PbClL-TIC]

Investigations critically re-examined

Ref. 1\;{,]1%, Temp. range Comments
195 0-100 673-873 Cell material: quartz float

(weighted with W), Pt

water

suspension wire; calibration:

Deviations from previous NSRDS recommendations: [1, pp. 12, 13)

Ref. M'I;IIC%’ Min. departure Max. departure
195 100 0.00% (780 K) —0.12% (720 K)
195 0 0.05% (870 K) 0.10% (780 K)
TasLe 595. PbCL-TICI: Density (g em™2)
Mol % PbCl,

T 100 90 80 70 60 . 50 40 30 20 1 0 57.1
690 I 5223 5.264
700 5.514 5.420 5.337 5266 | 5.207 5.248
710 5.498 5.404 5.321 5.250 t 5.191 5.143 5.232
120 5.587 5.482 5.388 5.305 5234 | 5175 5.127 5.090 5.216
730 5.571 5.466 5.372 5.289 5218 | 5.159 5.110 5.074 5.200
740 5.555 5.450 5356 5273 5202 | 5.143 5.094 5.0508 5.184
750 5.539 5.434 5.340 5.257 5.186 | 5.126 5.078 5.042 5.016 5.168
-760 5.523 5.418 5.324 5.241 5.170 5.110 5.062 5.026 5.000 4.986 5.152
770 5.507 5.402 5.308 5.225 5.154 5.094 5.046 5.009 4.984 4.970
780 5491 4.993 4.968 4.954
790 4.952 4.938 4.936
800 4.936 4.922 4.920
810 4.906 4.904
820 ! 4.890 4.888
830 4.872 !

840 . 485 -
850 4839
860 4.823 i
870 4.807 :
Two-dimensional equation and statistical parameters
p=a+bT 4+ cC 4+ dC?
a 5 - 102 ¢ - 10% d - 10° Max. percent departure Stand. error of est.
0.16% (763.2K, 30
6.74466 —1.60740 —1.11156 5.72606 mol % PbCL) 0.07%

These values are based on the work of Markov et al. (Archimedean method) [195]. € = mol % PbCl..
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TasLe 596. PbCl.-TICI: Density (g cm™3)
Mol % TIC1
T 100 i 90 80 70 60 50 40 30 20 10 0
680 5.238
690 5.222
700 5.519 5.419 5.332 5.273 5.206
710 5.503 5.402 5.315 5.257 5.190 5.142
720 5486 5.386 5.299 5.241 5.174 5.126 5.090
730 5.574 5.469 5.369 5.282 5.224 5.158 5.110 5.075
740 5857 5453 5.352 5.266 5.208 5.142 5.094 5.059
750 5.540 5.436 5.336 5.249 5.192 5.126 5.078 5.043 5.018
760 5.523 5.419 5.319 5.233 5.176 5.110 5.062 5.027 5.003 4.983
770 5.506 5.402 5.302 5.216 5.159 5.094 5.046 5.012 4,987 4.967
780 5.490 4.996 4.971 4959
790 4.956 4937 4932
800 4.940 4.921 4.917
810 4.906 4.902
820 4.891 4.886
830 4871
840 4.856
850 4.840
860 4.825
870 4.310
Temperature-dependent equations
p=a+bT
Mol ¢, TICI T a v - 107
0 | 6.143 —1.532
10 i 6.153 —1.539
20 6.193 —1.566
30 6.226 —1.577
40 6.278 —1.600
50 6.333 —1.609
60 6.414 -1.630
70 6.487 —1.650
80 6.585 —1.666
90 6.691 —1.674
100 6.802 —1.682

These values are based on the work of Markov et al. (Archimedean method) [195].
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Figure 111. Temperature-('omposil.inn phase diagram for PbCl.-

ZnCl:.

G. Herrmann, Z. Anorg. Chen., 71, 257, 302 (1911).

drated by melting in the presence of dry HCI gas.

Melt Preparation and Purification

The chloride salts used in reference [19] were obtained
from commercial sources of high purity and were dehy-

After weighing and introducing the salts into the meas-

uring cell, the molten mixture was treated with HCl gas
{or one hour. '
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TaBLE 597. Density studies: PbCle-ZnCl:
Investigations critically re-examined
ZnCl: Temp. range .
Ref. Mol % (N . Comments
19 0, 50.2, 759-825 Cell material: tungsten-
100 weighted pyrex bulb; calibra-

tion: water

Deviations from previous NSRDS recommendations: {1, pp. 10, 13]

Ref. ]\%’OIICE% Min. departurc Max. departure
19 100 —0.45% (770K} —0.53% (824 K)
19 0 —0.10% (809K) —0.24% (818K)

Conunent: Hildelnund and Waclies [19] incasured densities by
weighing a tungsten-weighted pyrex bulb in air, in water and in the
fused salt, correcting for the expansion of the bulh.

TasLe 598. PbCl:-ZnCl.: Density (g cm™3)
Mol % ZnCly

T 100

50.2 0
%0 2430
765 2.428
770 2.426
775 2.423
780 2,421 4,936
785 2.419 3.732 4.928
790 2416 3.729 4.919
795 2414 3.725 4.911
800 2412 . 3.722 4.002
805 2409 3.718 4,894
810 2.407 3715 4.886
815 2.405 3.711 4.877
820 2.402 3.708
825 ) 3.704
Temperature-dependent equations
p==a-+ bT
Stand.
Mol % ZnCla e b+ 10° error
. of est.
0 . 6.2490 —1.6832 0.22%
o0.2 4.282Y —0.7014 0.22%
100 2.7813 —0.4619 0.15%

These values arc based on the work of Hildebrand and Wachter
(pycnometric method) [19].

JANZ ET AL
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Ficure 112. Temperature-composition phase diagram for RbCl-

ScCla.

N. Ya. Fedorov, and E. S. Petrov, Izv. Sib. Otd. Akad.
Nauk. S.S.S.R.. Ser. Khim. Nauk., 1, 57 (1967).

Melt Preparation and Purification

The preparation of pure ScCly by Fedorov and Petrov
[71] is discussed under the system LiCl-ScCl;. No infor-

mation was reported for the alkali metal chloride salts.

TasLe 599, Electrical conductivity studies: RbC1-8cCla

Investigations critically re-examined

ScCls Temp. range
L £=3
Ref. Mol % (7 Comments
71 0-69.8 (g) ©13-1233 Cell material: eealed quartz

vessels; Mo wire electrodes;
calibration: IN KCI solution

Comment: Remarks concerning the experimental procedure of
Fedorov and Pewrov [71] are given under the LiCl-ScCls system.

TasLe 600. RbCl-ScCla: Specific conductance {ohm~™! em™1)

Mol % ScCls 913K 933K 953 K 973K 993K 1113K 1133 K 1153K
0 149 151 ' 156 1.60
10 0.96 1.01 1.05 ' 1.11 1.16
40 0.44 0.48 0.53 0.58 0.62 0.68 0.71
50 0.38 0.41 0.46 0.50 0.54 0.59 0.62 0.65
60 | 0.48 0.53 0.56 0.60
Mol % ScCls| 1173 K 1193K ; 1213 K 1233 K 1253 K 1273 K E 1293 K 1313 K . 1333K
0 164 . 168 | 172 176 180 184 189 192 1%
10 1.20 ! 1.26 ; 1.31 1.34 1.40 1.45 1.48 1.52 1.55
20 | 1.03 [ 1.09 1.14 1.19 1.24 1.28 1.33 1.38
30 . 0.88 0.93 0.97 1.03 1.08 ) 1.12 1.15 1.20
40 0.78 0.82 0.86 0.88 0.92 0.94 ; 0.98 1.00 1.04
50 0.70 0.72 0.75 0.82 0.86 0.89 : 0.92 0.95 0.97
60 0.65 0.68 . 0.72 0.77 0.80 0.83 0.86 0.89 0.92
70 0.60 I 0.65 0.68 0.71 0.75 0.79 0.83 0.86

These values have been interpolated to
(classical ac technique) {71].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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E. P. Dergurov and A. G. Bergman, Doklady Akad.
Nauk. SSSR. 75, 815 (1050} .

S. D. Gromakov, Zhur, Fiz. Khim., 24, 641 (1950).
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Melt Preparation and Purification

In their viscosity measurements, Bertozzi and Soldani
[2447 used carefully dried Merck and B. D. H. salts of

analytical purity without further purification.

Tapre 601, Surfacc tcnsion studics: RbCl SrClc

Investigations criticaily re-examined

. S:Cl. Temp. range
Ref, Mol % (
244" 0-100 1123

*The surface tension data reported in reference [244] was stated
to be reproducible to within 0.5%.

Tasre 602, RbCI-SrCls: Surface tension (dyn em™1)

Mol % SrCl. 1123K i Mol % $rCl. 1123 K
0 86 { 60 116
10 90 | 70 123
20 94 ' 80 131
30 99 90 ) 146
40 104 100 172
50 109

These values have been interpolated to three significant
method) [244].

RbCI-TiCl:
T —T T T T
| RbCI-TiClg 1
8001 794 2 i
o \
o | -
o \/
S 77 j \
5 700 ]
S
3 \ 671
£ L i
2 TiClz-RbCl
600k 612 —
TiClgz-3RbCI
L | . 1 L ! '
0] 20 40 60 80
RbCl TiCly—
Mol % TiClz
Ficore 114. Temperature-composition phase diagram for RbCl-
TiCl..

B. F. Markov and R. V. Chernov, Ukrain. Khim. Zhur.,
25, 282 (1939).

figures from the graphical prescntation of Bertozzi and Soldani (Wiihelmy slide plate

TasrLe 603. Electrical conductance stadics: RbCL-TiCl,

Investigations critically re-examined

Ref. ‘ \};9%) Tem(pinl)-ange Comments
59 | ~0-35 (g) 1073 Cell material: quartz vessel; Pt

electrodes; freq. range: 1400
Hz

J. Phys. Chem. Ref. Datc, Vol. 4, No. 4, 1975
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TasLE 604. RbCI-TiCla: Specific conductance (ohm™! cm™—!)

Mol % TiCls | 1073 K Mol % TiCls 1073K
0 1.68 30 0.99
5 1.52 35 0.95
10 1.37 40 0.93
15 ! 1.25 45 0.91
20 1 1.16 50 0.91
25 » 1.08

{

These values have been interpolated to three significant figures from the graphical presentation of Chernov and Delimarskii (classical ac tech-

nique) [59].

RbCI-UCIs-
1 | T I 1 | T | T
2 RbCI-UC!
700k 676 4
O ennl
8,600
8 | 546
>3
E
500}
(€)]
[oX
— 2
L0
400 [r g
RbUCy
(0] 20 100
RbC)

ucy,

Mol % UCI,

Ficure 115. Temperature-composition phase diagram for RbCl-
UCL.

A. Bogacz and B. Ziolek, Rocz. Chem., 44, 664 (1970).

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

Melt Preparation and Purification

Bogarz and Zinlek [158] prepared and purified their
salts using the procedure described under the system

CsCI-UCL,.

TasLE 605. Electrical conductance studies: RbCl-UCI,

Investigations critically re-examined

Ref. ZVE(I:I'% Temp. range Comments
158 0-100 690-1040 | Cell material: quartz U-tube;

I

Pt electrodes; freq. range:
5000-10,000 Hz; measurements
at 10,000 Hz; calibration: KCl
solutions and molten KNOs,
NaNQO; and KCl

Deviations from previous NSRDS recommendations: {1, pp. 6, 9]

Ref. I\Hy?l‘}b Min. departure I Max. departure
158 100 12% (870K) —4.4% (890K)
158 0 —0.90% (1010K) —~1.9% (1040K).

Comment: Bogacz and Ziolek [158] report their conductance re-
sults in the form of equations of the type « =a < bt + ct* with
standard deviations in the range 1.0 X 107¢ ohm™! em™1 (24.99,
28.81, and 56.54 mol % UCL) to 12.0 X 10~% ohm-! cm™! (0.0
mol % UCL).
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PROPERTIES OF CHLORIDES AND MIXTURES 11585

TasLe 608. RbCl-UCL: Density (g em™3)

Mol percent UCI,

T 100.00; 9517 64.82 | 50.68| 56.54 | 50.83 | 45.25 | 3950} 34.00 | 28.81| 24.99 | 2024 | 1235 | 912 | 162 | 0.00
700 _ ; 3.229 ¢
710 : 3218
720 3.207 !
730 3.196 :
740 3.185
750 3.174
760 3.164
770 . 3.153
780 3.142
790 3.131
800 3.120
810 i 3.100
820 3.098 | 3.013
830 3.283 3.088 | 3.003
840 3.270 3.148 | 3.077 | 2.99 :
850 | 3.257 3.159 | 3.137 | 3.066 | 3.985 :
860 . 3.244 | 3.183 | 3147 | 3126 | 3.055 | 2.975 ;
870  3.558 3231 {3.171| 3.135 | 3.114 | 3.044 | 3.966
880  3.539 3.218 | 3.158 | 3.123 | 3.103 | 3.033 | 2.956 2.149
890 | 3.519 3205 | 3.146 | 3.111 | 3.001 | 3.022 | 2.947 2.740
900 ; 3.500 | 3472 |3.193 | 3.134| 30.99 | 3.080 | 3.011 | 2.938 2.732
910 | 3.480 | 3.455 |3.180 | 3.122| 3.086 | 3.069 | 3.001 | 3.928 2724
920 | 3461 | 3438 | 3167 3.110 | 3.074 | 3.057 | 2.990 | 2919 2.715
930 I 3.441 | 3420 | 3.154 | 3.098 | 3.062 | 3.046 | 2.979 | 2.910 2.779 1 2707 | 2746
940 | 3.422 | 3403 |3.141 | 3.085| 3.050 | 3.034 | 2.968 | 2.900 | 2766 | 2.699 | 2736
950 2128 |3.073 | 3.038 | 3.023 2.891 | 2.825 | 2.754 | 2.690 | 2.726 :
960 3.115 ! 3.061 | 3.026 | 3.012 2.882 | 2.817 | 2.741 | 2.682 | 2.716 2.495
970 3.102 3 3.049 | 3.014 | 3.000 2872 | 2.808 | 2.728 | 2674 | 2.707 2.483
980 3.089 ] 3.037 | 3.002 | 2.989 2499 | 27716 ] 2.666 | 2697 2471
990 . 3.076 ! 2.990 2,790 | 2.703 | 2.657 | 2.687 | 2.492 | 2.459 | 2.297
1000 : 3.063 | 2977 2.782 | 2.691 | 2.649 | 2.677 | 2.481 2.290
1010 ' 2.965 2667 | 2.469 2.227
1020 ' 2.218
1030 ' 2.209
Temperature-dependent equations
p=a-+bT .
Mol % UCl, a b-10* Stand. dev.
0.00 3.1751 —9.383 0.0004
1.62 - 29855 —6.957 0.0004
9.12 . 36108 —12.241 0.0004
12.35 3.6541 —11.736 0.0006
20.24 3.6618 ~9.848 0.0007
24.99 ’ 3.4798 —8.309 0.0007
28.81 3.9520 —12.615 0.0010
34.00 3.6548 —8732 0.0006
39.50 3.7796 —9.354 0.0005
45.25 3.9899 v —10.872 , 0.0008
50.83 4.1070 —11.411 0.0004
56.64 4.1880 —12.105 0.0005
59.68 4.2313 —12.191 0.0005
64.82 4.3583 —12.953 0.0007
95.17 5.0111 17.430 0.0002
100.00 5.2508 —19.455 0.0006

These values are based on the work of Bogacz and Ziolek (Archimedean method) [158].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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RbCl-ZnCl: Melt Preparation and Purification

T T T T T T Purification of ZnCla [194] is discussed under the
L A system CsCl-ZnCl,. RbCl was recrystallized from water.
800 RbCI-ZnCl,

700

TasLe 609. Density studies: RbCl-ZnCl.

8 600 Investigations critically re-examined
OTD’ Ref. I%glc 1;6 I‘em?i"j_ange Commenis
S 500 194 0-100 660-1058 | Cell material: quartz float
+— weighted with tungsten, Pt
8 suspension wire; calibration:
(] 400 water
g" Deviations from previous NSRDS recommendations [1, pp. 6, 101
(3] Ref. ZnCl. Min. departure Max. departure
= Mol %
300 194 | 100 —002% (733K) | —016% (696 K)
194 i 0 . 0.31% (1035 K) 0.50% (1059 K)
200 7
0 I l L } I L ! | 1
10 o] 20 40 60 80 100
RbCI ZﬂCl2

Mol % 7nCl,

Ficure 116. Temperature-composition phase diagram for RbCl-
ZnCl.

F. B. Markov, I. D. Panchenko and T. S. Kostrenko,
Ukr. Khim. Zh., 22, 287 (1956)
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PROPERTIES OF CHLORIDES AND MIXTURES 1157
TabLE 610. RbCl-ZnCle: Density (g em™?)
Mol percent ZnClz
T 100 9 79.8 69.8 59.7 - 50.18 49.11 29.86 20 0
660 2.536
670 2.530
680 2,523
690 2517
700 2473 2.510 2,509 2.506
710 2.467 2.504 2,502 2.498
720 2.462 2.497 2.495 2.490
730 2.456 2491 2.488 2.482
740 2.451 2.484 2.481 2474
750 2478 2474 2.466 2451
760 2471 2.467 2.458 I 2443
770 2,465 2.660 2,450 o280
780 2458 2.453 2.442 {2498
790 2.452 2.446 2434 | 2421
800 2.445 2.439 L2425 1 2413
810 . : 2.404
820 5 i 2.395 2.307
830 : ! 2.386 2.389
840 i 2.377 2.382
850 2.369 2.374
860 2.360 2.366 2.376 2.377
870 2.351 2.358 2.368 2.367
880 . 2.342 2.350 2.360 2.357
800 i A 2343 2.351 2 348
900 i 2.335 2.343 2.339
910 ' 2.327 2335 2.331
920 2.319 2.327 2.324
930 2.318 2317
940 2.310 2.310
950 2.302 2.304
960 2.294
1040 [2.210]
1050 {2.203]
Temperature-dependent equations
p=a+ bT + cT?
Mol % ZnCl. a b« 10% e 100 Sta:fdégror
0 12.97471 [—7.3504] o 0.00%
20 5.2367 —56.0638 2.6522 0.04%;
29.86 3.0865 —8.2603 0 0.04%
40.11 3.0348 —7.7766 0 0.03%
50.18 3.1167 ~8.8024 0 0.03%
59.7 3.0167 —7.5426 0 0.03%
69.8 3.0671 —8.0205 0 0.03%
79.3 2.9991 —7.0018 0 0.01%
90 2.9672 —6.5272 0 0.04%
100 2.8484 —5.3700 H 0 0.02%

These values are based on the work ot Markov and Bolkov (Archimedean method) [194].

SbCl:-ShCls

Melt Preparation and Purification

‘the antimony trichloride and pentachloride salts in
reference [46] were prepared by passing dry chlorine gas
through powdered antimony metal. Chlorine was removed
from SLCl, by boiling the liquid over metallic Sb and
by fractional distillation. SbCl; was vacuum distilled and
sealed in ampoules. The boiling points of SbCly and ShCl;
were 216 °C and 05.6 °C, respectively.

TasLe 611. Electrical conductance studies: ShCls-SbhCls
Investigations ecritically re-examined
SbCls Temp. range
Ref. Mol % ()
46 0-74.23 323-353

1. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TasLe 612, SbCl-ShCls: Specific conductance (chm~™% em™1)
Mol percent SbCls
T 74.23 ; 53.04 + 4886 | 44.39 | 43.19 | 28.08 26.73 19.87 18.56 13.50 9.64 6.04 548 | 3.66 0.00
325 | 695 @ 6.83 7.60 1.27 1.73 276 3.03 3.39 3.46 3.58 3.52 2.99 2.67 2.21
330 7.03 6.92 8.19 1.28 173 2.80 3.05 345 351 3.64 3.57 2.98 2.74 221
335 723 - 702 8.69 1.29 1.73 2.83 3.06 3.49 3.55 3.69 3.61 2.99 2.80 223 {1.51]
340 757 . 114 9.09 1.30 1.74 2.85 3.08 3.53 3.58 3.73 3.64 3.01 2.85 221 1.631
3435 803 : 7.26 9.38 1.30 176 2.87 |- 3.09 356 | 3.60 3.76 . 3.66 3.04 2.88 2.33 [1.81]
350 861 : 740 9.57 1.30 1.78 2.88 3.10 3.58 l 3.60 3.77 3.68 3.08 2.90 242 [2.07]
Temperature-dependent equations
w=a | BT | cT?
Mol % SbCl, o+ 10° b+ 10° e+ 108 : Stand. errox

i st.

0.00 [15.3256] [—9.2196] [14.0] 0.00%

3.66 4.8859 —2.8431 4.3318 1.32%

5.48 —3.2195 1.9824 —2.7992 0.39%

6.04 3.0784 —1.6831 2.5475 0.53%

9.67 —1.8848 1.2682 —1.7848 0.74%

13.00 —2.196Y 1.4469 —2.0326 L17%

18.56 —2.4419 1.6002 —2.2845 0.66%

19.87 —1.9386 1.2796 —1.7809 0.22%

26.73 —0.3649 0.3714 —0.5107 0.10%

28.06 —1.0385 0.7362 —1.0204 0.11%

43.19 1.5601 —0.8409 1.2742 0.64%

44.39 —0.4855 - 0.3538 —0.5082 0.01%

48.86 —2.5004 1.4556 —2.0396 1.39%

53.04 0.2843 —0.1402 0.2546 0.229%

14.23 0.2748 —0.1651 0.2545 2.09%

These values are based on the work of Beketov et al. {classical ac technique) [46].

TaBLe 613. Density studies: ShCls-ShCls

Investigations critically re-examined

SbCls Temp. range
Ref. Mol % ()
46 0--100 323-353

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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1160 JANZ ET AL,
TaBLE 615. Viscosity studies: SbCls-SbCls
Investigations critically re-examined
SbCls Temp. rangc
Ref. Mol %
46 0-100 ! 323-353
TapLE 616. SbCle-SbhCls: Viscosity (cp)
Mol percent SbhCls
T 100.00 95.52 74.23 66.60 60.11 56.40 55.25 53.50 53.04 44.39 41.70
323.2 1.42 1.49 1.87 1.93 219 2.25 2.27 231 2.51 2.58
333.2 1.29 1.31 1.59 1.67 1.78 1.84 1.88 1.90 1.93 2.10 2.09
343.2 1.16 116 1.40 145 1.54 159 1.62 1.63 1.65 1.79 1.79
353.2 1.03 1.04 1.26 1.30 1.34 1.39 1.43 1.42 1.44 1.51 1.54
T 34.35 28.08 26.73 23.14 21.78 19.87 19.20 18.25 : 12.23 7.32 5.45 0.00
323.2 2.83 297 3.01 311 3.20 3.24 3.28 3.35 r 3.56 3.73 3.90
333.2 2.33 243 2.46 2.52 2.63 2.63 2.68 2.69 2.82 2.98 3.06 3.18
343.2 1.91 2.03 2.05 211 215 2.17 2.19 2.26 2.36 248 2.50 2.63
353.2 1.65 1.72 LT 1.77 | 1.84 1.85‘ 1.92 201 2.05 2.12 2.16
Due to Iimited data, the experimental values are given. These values arc based on the work of Beketov (capillary method) [46].
SnCl.-TiCls TasLe 618. SnCL.TiCl: Density (g em™3)
Mol t TiCl
Melt Preparation and Purification (.’ percen .I :
T 100 8 : 6 . 40 20 [ o
Toropov [48] states that the usual methods were used 295 1.730 1.832 1933 | 2030 | 2125 | 2217
to purify the substances in his study but gives no experi- 300 1.721 1.823 | 1923 | 2019 | 2113 | 2205
mental details. 305 | 1712 | 1813 | 1913 | 2008 | 2101 | 2192
310 1.703 1.804 1.902 1.997 2.090 2.180
315 1.695 | 1.794 1.892 1.986 2078 | 2167
320 1686 ' 1.785 1.882 1.975 2.066 2.155
TaBLE 617. Density studies: SnC),-TiCl, 325 1677 | 1775 1871 1964 2.054 2.142
— — - 330 1.668 1.765 1.861 1.953 2.043 2130
Investigations critically re-examined
- = Temperaturc-dependent cquations
TiCL ‘I'emp. range
Ref. Mol % ) p=a4 bT
48 0-100 © 293, 313, 333 TiCl, . Stand. error
Mol % a b-10° of est.
Comparisons with NSRDS recommendations: [1, p. 13]
- 0 2.9537 —2.4975 0.08%
Ref. I\;IT(;ICI% Min. departure Max. departure 20 2.8181 —2.3500 0.10%
40 2.6807 —2.2050 0.12%
48 0 —0.14% (333 X) —0.49% (293 K) 60 2.5408 —2.0600 0.13%
80 2.3973 —1.9150 0.14%
100 2.2496 —1.7625 0.16%

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975

These values are based on the work of Torepov (pycnometric
method) [48].

TasLE 619. Viscosity studies: SnCl.-TiCl,

Investigations critically re-examined

TiCl Temp. range
Ref. Mal % ()
48 0-100 203, 313, 333
Comparison with previous NSRDS recommendations [1, p. 13]
Ref. } 1;41‘(;?]7‘0 Min. departure | Max. departure
8 o0 13% GIBK) |

9.1% (293 K)
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Taere 620, SnClL-TiCl,: Viscosity (cp) SnClz-ZnCl2
Mol percent TiCl, 325 T T : —
T 100 80 60 w | 2 0 © e
2932 | 0.827 | 0847 | 0.870 | 0.895 | 0922 | 00951 SrCi, -ZnCly
3132 | 0702 | 0702 | 0703 | 0705 | 0709 | 0715 300- i
333.2 0.589 i 0.591 0.595 i 0.604 0.616 0.635
Due to limited data the experimental values are given. These
values are based on the work of Toropov (capillary method) [48]. - o
O 2751 . ‘Licuid e
)
Tartr 621. Dencity stndies: SnClL-Zn(l, ~— AN
Investigations critically re-examined o 253
= =
Ret ’ ZnCl, Temp. range o 250 A
. , Mol % () =
128 | 0-100 536-763 e
Comperisons with NSRDS recommendations: {1, p. 10] ﬁ 225 \ FA—
Ref. I\%glc 3;0 l Min. departure Max. departure \\
128 100 0.0% (680 K) —0.24% (760 K) i ~204 \/ |
128 | 0 0.86% (600 K) 0.91% (560 K) 200
175 ' : ' '
0 20 40 60 80 100
ZnCl, SnCl,
Mol % SHC|2
Ficure 117. Temperature-composition phase diagram for SnCl:-
ZnCl.,
L. A. Niscl’son, B. N. Ivanov-Emin, and L. E. Lario-
nova, Zh. Neorgan. Khim., 6 [1], 186 (1961) ; Russ. J.
Inorg. Chem. (English Transl.), 74 (1961).
TaBLE 622. SnCl-ZnCl:: Density (g cm™3)
Mol percént ZnCl:
T 100 | 90 80 70 60 50 40 30 20 10 0 30
540 3.074 3.154 3.230 3.154
550 2.984 3.065 3.144 3.219 3.292 3.361 3.144
560 2.719 2.807 2.893 2.976 3.056 3.134 3.208 3.280 3.348 3.134
570 2.622 2.713 2.801 2.886 2.968 3.047 3.124 3.197 3.268 3.335 3.124
580 2.616 2.707 2.794 2.878 2.960 3.038 3.114 3.186 3.256 3.322 3.114
590 2.611 2.701 2‘78_7 i 2.871 2.951 3.029 3.103 3.175 3.243 3.309 3.103
600 2.606 2.695 2780 | 2.863 2.943 3.020 3.093 3.164 3.231 3.295 3.093
610 2.600 2.689 2774 I 2.856 2.934 3.010 3.083 3.152 3.219 3.083
620 . 2.595 2.683 2767 ' 2848 2.926 3.001 3.073 3.073
630 2.500 '
640 2.495
650 2.490
660 2.486
670 2481
680 2.476
690 2471
700 2.467
710 2.462
720 2457
730 2.453
740 2.448
750 2443
760 2.438

J. Phys. Chem. Ref. Bata, Vol. 4, No. 4, 1975



1162 JANZ ET AL
Tasie 622. SnCl-ZnClz: Density (g cm™*)—Continued
Two-dimensional equation and statistical parameters
p=a+4 bT + cC + dTC* 4 eCT?
‘ be 20t e10e 2o eeqe | Macperen | Stand emor
0.22%
2.79673 —4,71427 1.12048 —2.55020 —35.16503 (017.2 X, 40 0.11%
| mol % SnClz)
These values are based on the work of Prikhod’ke (Archimedean method) [128). C = mol % SnCl..
Taste 623. SnCl-ZnCle: Density (g cm™%)
Mol percent ZnCl. )
T 100 90 80 70 60 50 40 ! 30 20 10 0
540 3.076 3.231
550 2.985 3.067 3.147 3220 | 3293 3.357
560 2.720 2.808 2.889 2.977 3.058 3.137 3.210 3.280 3.344
570 2.625 2.713 2.800 2.881 2.968 3.049 3.127 3.199 3.268 3.331
580 2.619 2.706 2.793 2.873 2.960 3.040 3.117 3.188 3.255 3.318
590 2.612 2.699 2.785 2.865 2.951 3.031 3.107 3.178 3.243 3.305
600 2.606 2,692 2.718 2.857 2.943 3.021 3.097 3.167 3.230 3.292
610 2.599 2.685 2.770 2.849 2.934 3.012 3.087 3.157 3.217
620 2.593 2678 2.763 2842 2.926 3.003 3.077 3.146
630 2.503 2.671 2.155
640 2.498
650 2493
660 2.488
670 2.483
680 2.478
690 2473
700 2.468
710 2.463
720 2.458
730 2.453
740 2448 .
750 2.442 i
760 2437 : |
Temperature-dependent equations
p=a- bT
Comp.
(Mol % Tncl) a b-10*
0 4.072 —13.00
10 3.983 —12.55
20 3.802 —10.58
30 3.697 —10.00
40 3571 —9.16
50 3.455 —8.54
60 3.332 —7.91
70 3.226 —7.47
80 3.114 -~17.03
90 2.997 —6.52
100 2.822 —5.06

These values are based on the work of Prikhod’ko {Archimedean method) [128].

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975



Frcure 118, Temperatur

Temperature (°C)

TICI-ZnCl:

PROPERTIES

ZnCl..

Mol % ZnCl,

| ' 1 ! | LI
TICI-ZnCl,
5004 .
[ 430 i
400 B
344 360
- 334 f 1
diz
300} 340 =
260
213
200} -
R | ! | L | I | |
(0] 20 40 60 80 100
TiCl ZnClz
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Melt Preparation and Purification

The purification method used by Markov et al. [195]
for ZnCls is discussed under the system CsCl-ZnCls.

TasLe 623. Density studies: T1CI1-ZnCl.

Investigations critically re-examined

Ref.

ZnCl;
Mol %

Temp. range
T

Comments

195

0-100

622-784 Cell

sion

material: quartz float

(weighted with W), Pt suspen-

wire; calibration: water

Comparisons with NSRDS recommendations: [1, pp. 10, 12]

Ref. 1\%2](:%; Min. depar.ture Max. departure
195 100 0.04% (660 K) —0.14% (720 K)
195 i} 0.00% (780 K) —0.12% {720 K)

c-composition phase diagram for TICI-

1. P. Palyura and A. P. Palkin, Zh. Neorgan. Khim.,

4 [121. 2717 (1957) ;

Transl.), 1258 (1959).

Russ. J. Tnorg. Chem. (English

TanLe 624. TICI-ZnClL: Density (g em™)

Mol percent ZnCls

T | 100 90 80.6 . 722 60 56 | 40 30 26 i 0
630 | 2503 3.059
640 - 2498 3051 | 3.656 5
650 2.493 2776 3043 | 3.286 3645 3916 ¢ 4198 .
560 2.488 2.768 3085 | 5.277 3.634 5.934 4185 4511 4.866
670 2.483 2.760 3021 | 3.268 3.623 3.922 4174 4497 4.852
680 | 2478 2.753 3018 | 3258 5.613 3.910 4162 4.484 4.837 5.229
690 | 2473 2.745 3010 | 3249 5.602 3.898 4176 4470 4.822 5.213
700 | 2468 2.737 3.002 3.240 3.591 3886 4138 4.157 4.808 5.196
e | 2463 2.730 2.994 3.231 3.580 3874 4126 4.143 4793 5.180
260 2458 2722 2.936 5221 3570 3802 | 4113 4.436 4.778 5.164
730 | 2.578 4101 4.416 4.764 5148 5.574
149 | 2.970 | 4089 5.557
750 | i 2.962 | s0m 5.540
760 | i 2.954 : | 5.523
770 | 2.946 | I ; i 5.508
80 ? | ; é g 5.490
Temperature-dependen: equations
Comp. {mo} % ZnCl.) [ b+ 10t
0 6.802 —16.82
10 6.334 ~16.25
20 5.833 —1465
30 5.405 —1355
40 4.986 —12.12
50 4.732 —12.08
60 x 4.344 ~10.75
7 3.890 —5.28
8e 8.569 ~8.10
90 3.272 | —7.63
100 2.822 —5.06

These velues are based on the work of Markov et al. (Archimedean method) [195]

J. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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6.2. General Summary Tables

TsBLE 625. Total and recommended investigations

Specific conductance

J. Phys. Chem. Ref. Data, Vol. 4, No.

System No. of invest. Literature references
AgCLKCl 1 35
AgCLPbCl: 3 35, 60, 131
AgCI-TICI 2 12, 131
AICI-KC1 8 27, 42,102, 112, 115, 175
AlCL:-LiCl 3 42, 102, 112
AlCI-NaCl G 16, 50, 51, 112, 115, 164
AlCl-NH.CI 1 42
AlCL-RbC1 1 112
BaCl-CaCl, 3 20, 74, 120
BaCl-CsCl 2 166, 209
BaClc-LaCIs 1 l 72
BaCl-LiCl 1 155
BaCl-MgCl. 3 30, 151, 167
BaCl.-NaCl 8 20, 24, 34, 44, 63, 74, 151, 167
BeCi=-NaCl 1 69
BiCl-GaCls 1 64
CaClKC1 6 12, 30, 109, 94, 160, 171
CaCl-LiCl 1 171
CaCl--MgCl. 2 109, 30
€CaCl-NaCl 15 12, 20, 21, 24, 34, 44, 63, 74, 109,
199, 139, 144, 146, 171, 102
CaCl-RbCl 1 171
CaCl.-SrCl. 1 5
CdCl-CsClt 1 132
CdCl-KCl 8 12, 13, 14, 25, 116, 132, 147, 160
CdCl-LiCl 1 31 '
CdCl-NaCl 2 25,132
CdCl-PbCl. 4 13, 25, 94, 117
CdCli-TICI 3 12, 14, 70
CsCl-GaCl, 1 80
CsClKCl 1 93
CsCl-LaCly 3 154, 186, 209
CsCI-LiCl 2 11, 104
CsCI-NaCl 1 928
CsCl-PbCl. 2 49, 142
CsCI-RbCI 1 938
CsCl-ScCl, 1 71
- CsCL-TiCl, 1 59
CsC1-UCl, 1 158
CsCi-ZnCl. 2 108, 197
CuCl-KCl 1 116
DyCL-KCl 1 190
DyCl;-NaCl 1 190
ErCl-KCI 1 i 190
GaCl-HgCl. 1 148
GaCL-KCl 2 80, 148
GaCl.-LiCl 1 138
GaCl:-NaCl 2 138, 148
GaCl:-RbCl 1 80
GaClL-ShCls 1 148
GdCl-KCl 1 190
GdCl-NaCl 1 190
chlﬂ-ngC]: 1 121
HgCl-NH.CI 2 15, 123
KCi-LaCls 2 186, 220
KCI-LiCl 13 23, 37, 47, 60, 65, 84, 94, 102,
127, 159, 183, 192, 216
KCl-MgCl. 12 30, 94, 96, 102, 109, 113, 114,
! 117, 145, 153, 159, 216

4, 1975

TasrLe 625. Total and recommended investigations—Continued

Specific conductance

System No. of invest. Literature references
KCI-MnCl: 1 72
KCI-NaCl 17 5, 12, 21, 24, 37, 60, 65, 97, 102,
113, 114, 127, 160, 161, 192, 203,
208 ’
KCI-NECla 2 186, 190
KCI-PbCle 7 13, 25, 43, 116, 118, 142, 185
KCI.PrCls 1 190
KCI-RbCl 1 98
KCl1-ScCls 1 71
KCl1-SnCl. 1 119
KCL-TiCl 3 55, 59, 61
KCI-UCls 2 137, 189
KCLTCL 2 52, 158
KCI-ZnCl. 3 38, 108, 197
LaCl,-LiCl 1 154
LaCl;-NaCl 2 186, 220
LaCls-RbCl 1 186
LiCl-MgCl- 1 L 77
LiCl-NaCl 2 © 11, 127
LiCI-RbC1 1 11
LiCl-ScCly 1 i 73
LiC1-UCL 1 179
MgCl..Nall 7 30, 109, 113, 114, 117, 151, 167
NaCl-NbCls 1 54
NaCl-NdCl, 2 186, 190
NaCl-PbCl. 4 24, 49, 63, 142
NaCl-PrCl, 1 190
NaCl-RbCl 1 938
NaCl-ScCla 1 73
NaCl-SmCla 1 190
NaCl-TLCk 1 81
NaCl-TiCls 3 85, 59, 61
NaCl-UCls 3 135, 137, 190
NaCl-UCL 2 52, 158
NaCl-ZnCl: 3 108, 129, 197
NaCl-ZrClL 2 10, 54
PbCl-RbCl 2 49, 142
PbCL-TIC1 1 68
RbC1-ScCly 1 71
RbCI-TiClL 1 59
RbCI.UCkL: 1 158
SbhCl-ShCls 1 - 46
Density
System No. of invest. Literature references
AgCl-KCl 1 26
AgCl-PbCle 1 26
AlCE-BiCls 1 90
AlCL-KCl 6 27,42, 92, 112, 134, 188
AICL-LiCl 2 42, 112
AlCEL-NaCl 7 16, 42, 110, 112, 157, 188, 317
AlCL-NH.Cl 1 42
AlCl-RbCl 1 112
BaCl.-CdCl. 2 26, 165
BaCl-CsCl 2 79, 152
BaCIe-L&C]n 1 172
BaCl-KCl 4 33, 89, 150, 152
BaCl.-LaCl: | 1 168
RaCl-LiCl 2 126, 152
BaCl-MgCl. 3 30, 150, 167
BaCl-NaCl 6 22, 24, 34. 44, 89, 152
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Tasie 625. Total and recommended investigations—Continued Tasre 625. Total and recommended investigations—Continued
Density Density
System * No. of invest. Literature references System No. of invest. Literature references
Dack ol 8 Y26 165 PbCL-RbCl 2 103, 142
BaCle-ZnCle 1 s PbCL-TICI 1 195
CaCle-CsCl 1 237 PbCl-ZnCl, 1 19
CaCl:—K'Cl 8 12, 28, 94, 130, 133, 163, 171, 237 RLCLUCI 1 158
CaClL-LiCl 1 171 RbCl-ZnCl: 1 194
CaCl-MgCl. 4 30, 95, 1360, 133
CaCl:-MnCl, 1 202 SbCl-SbCls 1 46
CaCl-NaCl 11 12, 17, 24, 34, 44, 129, 130, 133, SnCl-TICL 1 48
144, 163, 171 SnClZnCl: : 1 128
CaCl.-RbCl 1 171 = _
CaCLoSrCl. 1 6 TIC1-ZnCl 1 195
CdCl-CsCl 1 103 Viscosity
gggfﬁ%} g 3’1?61’6;221’9;65’ 193, 206 System No. of invest. Literature references
CdCl-NaCi 3 26, 165, 193 AgCLKCl 2 35, 136
CeCl-PbCle 3 26, 94, 206 AgCL-PbCl. 1 35
CdCl-RbCl 1 103 AICL-NaCl 2 32, 45
CdCL-TICI 2 195, 204 BaCla-CsCl 1 174
gggfgl i ggﬁ BaCL-1iCl 1 172
* BaCl-MgCl 1 151
CsCLRCL 1 98 BaCleNaCl 3 2, 34, 151
CsCl-LaCly 1 177
CsCI-LiCl 2 11, 75 CaCl--NaCl 3 24, 34, 144
CsCI-MgCl. 2 130, 133 CdCl-KCl 3 36, 180, 206
CsCl-MnCl. 1 202 CdCl-NaCl 1 36
CsCl-NaCl 1 98 CdCi-PbCl, 2 36, 206
CsCI-PbCl. 2 103, 142 CsCl-LaCly 2 173, 209
CsCLRbLCI 1 og CsCI-LiCl 1 82
C:Cl-UCL 1 158 , - -
CsClZnCl 4 o1, 108, 194, 199 KCI-LiCl 8 3?686, 88, 100, 149, 187, 215,
CuCLKCI 1 18
. KCI-MgCl: 7 39, 41, 45. 66, 207, 216, 226
KCl-LaCl 2 178, 220 KCI-NaCl 8 24, 29, 53, 66, 86, 100, 215, 226
KCHLiC 5 23, 37, 100, 149, 215 KCI-PbClL. 2 36. 206
KCl-MgCl: 12 30, 39, 62, 102, 130, 133, 145, KC1-8hCls 1 40
150, 153, 207, 211, 267
KCHMnCle 1 72 LaCl-LaCl, 1 29
KCI-NaCl 1 12, 24, 37, 78, 87, 89, 95, 143, LaCl-LiCl 1 173
211, 215, 267 LiCl-MgCl. 1 88
KCi-PbCl 6 9, 26, 142, 165, 193, 206 MeCl-NaCl
KCIRbLC 1 26 gCl-NaC 3 41, 151, 226
KC1-S:Cl, 1 143 NaCl-ZnCle 2 108, 198
Kxc-uck ! 189 ShCL-ShCl, : 46
KCLUCL 1 158 SCLTIOL : 18
KCl1ZaCl, 9 28, 38, 78, 108, 165, 187, 193, el .
194, 199 Surface tension
LaCl--LaClL 1 111 System No. of invest. Literature references
LaCl.-LiCl 1 176 AgCLKC: 1 234
LaCl:-NaCl 1 220 AgCi-PhCL. 1 234
LiCl-MgCle 4 77, 130, 133, 196
LiCl-MnCl. 1 202 BaCl.-CaCle 1 229
LiCl-NaCi 2 11, 1% BaCl-CsC: 2 225, 244
LiCl-PhCls 2 165, 193 BuCl-KCi 3 i 232, 241. 244
LiCI-RECI 1 i1 BaCl-LaCls 1 168
LiC1-UCL 1 179 BaCl-LiCl H . 251
LiClZnCl, 3 108, 194, 19¢ BaCl-MgCi. ; 2 © 241, 157
BaCl-NaCl 238, 244, 2
MgCl-NaCl 6 30, 130, 133, 167, 211, 267 BaCLRLCI : nae
MeClL-RECL 2 | 130, 133 T . ,
NaCl-PbClL 3 i 24,108, 142, 165, 193 CaCl-CsCl , 1 ;237
NaCl-Rh(l 1 { 98 CaCl.KQ | % | 237, 253, 258, 223
NaCIThCI, 1 | 200 CaCleLiCl | 1 . 258
Cls 1 i133 : : 253, 236, 225
NaCi-UCI. i i 158 : 4 229, 250, 255, 256
NaCl-ZnCl € 108. 129, 165, 193, 194, 199 CaCi-RhC1 } 258
d. Phys. Chem. Ref. Data, Vol. 4, No. 4, 1975
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TanLE 625. Total and recommended investigations—Continued

Surface tension

System No. of invest. Literature refcrences
CdCL-KCl 2 234, 255
CdCl-NaCl 1 234
CdCL-PbCl. 1 234
CsCl-LaCls 1 177
CsCl-LiCl 1 252
CsCl-MgCl. 2 253, 258
CsCl-NaCl 1 243
CsCl-Pb{Cl. 2 238, 254
CsCl-SrCle 1 244
KCl-LaCls 1 178
KCI-LiCl 3 257, 231, 230
KC1-MgCl. 5 241, 245, 246, 253, 226
KCl-NaCl 7 243, 245, 250, 254, 257, 143, 226
KCI-PbCl, 3 234, 238, 254
KCl-SrCl. 2 143, 244
KC1-UCL 1 o212
KCl-ZnCle 2 187, 318
LaCl-LaCl, 1 248
LiCl-MgCl. 2 253, 258
LiCl-NaCl 1 257
LiCl-PbCl. 2 238, 254
LiCI-RbCI 1 256
LiCI-UCL 1 179
MgCl-NaCl 3 245, 246, 253
MgCL-RbCl 2 253, 258
NaCl-PbCl. 4 224, 238, 250, 254
NaCl-RbCI 1 243
NaCl-SrCl. 1 244
PhCL-Rh(l 2 238, 254

J. Phys. Chem. Ref. Data, Vel. 4, No. 4, 1975
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TaBrLe 626. Table of references. Total number of investigations, recommended and literature references for specific conductance, density,
viscosity, and surface tension of molten chloride mixtures.

P 0 1 Y
System No. of Rec. No. of Rec. No. of Rec. No.of - Reec.
: Invest. ! Ref. Invest. Ref. Invest. Ref. Invest. Ref.
AgClKCl 1 35 1 26 2 35 1 234
AgCl-PbCL 3 35 1 : 26 1 35 1 234
AgCIL-TICL ' 2 12 ;
AICL-BiCl; : 1 90
AICI-KCl 6 42
175
AICL-LiCI 3 112 2 112
AlCL-NaCl 6 50 7 110 2 - 32
AICL-NB.C] 1 42 1 42
AlCL-RbCI 1 112 1 112
BaCl.-CaCl. 3 110 1 229
BﬁC]z-CdC]: 2 ) 26
BaCl.-CsCl 2 166 2 79 1 ! 174 2 295
BaCl-KCl 4 33 : ' 3 232
BaCl--LaCls 1 172 1 168 1 168
BaCl.-LiCl 1 155 2 126 1 173 1 251
BaCl-MgCl. 3 30 3 150 1 151 2 241
BaCl-NaCl 2 63 6 34 3 34 3 233
BaCL-PbCl. 3 2
BaCl-RhCl : i 1 244
BaCl.-ZnCl. 1 165
BeCl-NaCl | | 1 69
BiClL-GaCls 1 64
CaCl-CsC 1 237 1 237
CaCl-KCl 6 109 ] 130 4 253
CaCl-LiCl 1 171 1 171 1 258
CaClL-MgCl. 2 109 4 130 3 253
CaCl-MnCl. 1 202
CaCl-NaCl 18 146 11 130 3 3¢ 4 229
CaClL-RbCl 1 171 1 171 1 258
CaCl-SrCls 1 5 1 6
CdCl-CsCl 1 132 1 103
CdCLKCl 8 25 6 26 3 36 2 234
CdCl-LiCl 1 31 3 31
CdCl-NaCl 2 25 - 3 26 1 36 1 234
CdCL-PbCl, 4 13 3 26 2 36 1 234
CdCl-RbCl 1 103
CdCLL-TiCL 3 14 2 195
CdCl-ZnCl. 1 93
CeClL-KCl 1 106
CsCl-GaCla 1 80
- CsCIKCl 1 98 1 98
CsCl-LaCl, 3 154 1 177 2 173 1 177
CsCLLiC] 2 104 2 75 1 ! 82 1 252
CsCl-MgCla 2 130 2 253
CsCl-MnCl. 1 202
CsCl-NaCl 1 98 1 93 : 1 243
CsCL-PbCl: 2 49 2 103 ' 2 238
CsCl-RbC1 1 ‘ 98 1 98
CsCl-8cCls 1 71
CsC1-SrCl. ) 1 244
CsCLTiCl, 1 59
CsCLUCL 1 158 1 158
CeClLZnClL 2 108 4 108 i
CuCLKCl 1 116 1 18 :
DyCl-KCl 1 190
DyCl-NaCl 1 190
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TasLe 626. Table of references. Total number of investigations, recommended and literature references for specific conductance, density,
viscosity, and surface tension of molten chloride mixtures.-—Continued

K P 7 Y
System No. of Rec. No. of Rec. No. of Rec. No. of Rec.
Invest. Rei. Invest. Ref. Invest. Ref. Invest. Ref.

EI‘CIIKCI 1 190
GaCl-HgCls 1 148
GaCl-KCl 2 80
GaCL.IiCl 1 138
GaCly-NaCl 2 138
GaCle-RbCl 1 80
GaCls-SbCl, 1 148
GdClL-KCl 1 190
GdCl-NaCl 1 190
Hg.Cl-HgCl: 1 121
HgCl-NH,C1 2 123
KCl-LaCls 2 186 2 178 1 178
KClLLiCl 13 37 5 37 8 149 3 231, 230
KCI-MgCl. 12 117 12 130 7 66 4 245
KCI-MnCl. 1 72 1 72
KCI-NaCl 17 37 11 37 8 53 7 245
KCI-NdCl, 2 190 :
KCI-PbCl. 7 43 6 26 2 36 3 238
KC1-PrCl 1 190
KCI-RbCl 1 98 1 ; 98
KC1-SbCls 1 40
KCI-ScCls 1 ; 71 :
KC1-SnCl. 1 ‘ 119 :
KC1-SrCis | 1 143 ! 2 143
KCL-TIC, 3 © 55
KC1-UCl 2 137 1 189
KXclua, 2 158 1 158 1 212
KCl-ZnClL 3 108 9 108 2 187
LaCl-LaCly 1 11 1 99 1 248
LaCl;-LiCl 1 154 1 176 1 173

LaCl:-NaCl 2 186 1 220
LaCl-RbLCl 1 186
LiCl-MgCl. 1 77 4 130 1 : 88 2 253
LiCl-MnCl. 1 202
LiCl-NaCl 2 11 2 11 1 257
LiCI-PbCl. | 2 193 2 238
LiCI-RbC1 1 11 1 11 1 256
LiCl-ScCls 1 73
LiCl-UCHL 1 179 1 179 1 179
LiCl-ZnCl, 3 194 ’
MgCl-NaCl i 7 ' 109 6 130 3 151 5 245
MgCl-RbCl 2 130 = 2 253
NaCI-NhCl, 1 54
NaCl-NdCls 2 ' 190
NaCl-PhCl. 4 i 49 5 103 , 4 224
NaCl-PrCl. 1 boo190 , - |
NaCl-RbCl L ; 98 : 1 98 : 1 L
NaCl-8¢Cl, 1 i 73 : ; : :
NaCl-SmCl, 1 fo190 { ‘
NaCl-SrCl. ) 5 1 244
NaCI-ThCl 1 81 1 . 200 | :
NaCl-TiCl, 3 55 _ |
NaCl-UCl, 3 137 1 135 B
NaCl-UCL 2 158 : 1 158 ‘
NaCl-ZnCl 3 108 6 108 2 ; 198 :
NaCl-ZrCl, 2 54 : ‘
PbCl-RbCl 2 49 2 103 i 2 238
PhCl-TIC] 1 i 68 ' 1 195 i ; .
PhCl-ZnCle ; . 1 . 19 : !
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TapLe 626. Table of references. Total number of investigations, recommended. and literature references for specific conductance, density,
viscosity, and surface tension of moiten chloride mixtures.—Continued

K P K] Y
System No. of Rec. , No. of Rec.. No. of Rec. No. of Rec.
Invest. Ref. Invest. Ref. Invest. Ref. Invest. Ref.

RbCI-ScSls 1 71
RbCI-TICia 1 59

RbCI-UCL 1 158

RbCl-ZnCl. 1 19¢

SbCls-ShCls 1 46 1 46 1 46

SnClTICL 1 48 1 48

S5nCl-ZnClL 1 195
ThCl-ZnCl: 1 195

Experimenta] techniques used and recommended refer-

TasLE 627.

ences for specific conductance, density, viscosity, and
surface tension of molten chloride mixtures

TaBLE 627, Experimental techniques used and rccommended refer-
ences for specific conductance, density, viscosity, and
surface tension of molten chloride mixtures—Continued

Specific conductance

A Classical ac technique
B: Paper electrophoresis

System : Technique Recommended reference
AgClKCl A 33 Harrap and Heymann
AgCl-PbClL A 35 Harrap and Heymann
AgCl-TIC] A 12 Sandonnini
AICL-KCL A 42 Yamaguti and Siside

176 Boston ct al.
AlCL-LiC A 112 Moss
AlCl-NaCi A 5¢ Sisido and Yamaguti
AlCL-NH,CI A 42 Yamaguti and Siside
AICL-RhC1 A 112 Mose
BaCl:-CaCl, A 120 Barzakovskii and Kochinashvili
BaCl.-CsCl A 166 Smirnov and Khokhlov
BaCl:-LaCls A 172 Smirnov and Khokhlov
BaCl-LiCl A 155 Khokhlov and Smirnov
BaCl-MgCl. A 30 Huber, Potter and Clair
BaCl:-NaCl A 63 Barzakovskii
BeCl-NaCl A 69 Delimarskii
BiCls-GaCls A 64 Couturier
CaCl-KCl A 109 Grjotheim et al.
CaCl.-LiCl A 171 Emons et al.
CaCl-MgCl. A 109 Griotheim
CaCl,-NaCl A 146 Story and Clarke
CaCl-RbCl A 171 Emons et al.
CaCl.-SrCl. A 5 Arndt and Gessler
CdCl-CsCl B 132 Kwak and Ketelaar
CdCl-KC1 A 25 Bloom and Heymann
CdCl.-LiCl A 31 Bloom et al.
CdClI-NaCl A 25 Bloom and Heymann
CdCl-PbCl, A 13 Tarasova
CdCl.-TIC1 A 14 Protsenko and Popovskaya
CdCl-GaCls A 80 Arbekov and Petrov
CsCl1-KCI A 98 - Zuca and Olteanu
CsCl-LaCl, A 154 Smirnov and Khokhlov
CsCI-LiCl A 104 Smirnov et al.
CsCl-NaCl A 98 Olteanu and Zuca
CsCl-PbClL A 49 Bloom and Macky
CsCI-RbCl A 98 Zuca and Olteanu
CsCl-ScCl, A 71 Fedorov and Petrov
CsCl-TiCl A 59 Delimarskii and Chernov -
CsCl-UCL A 158 DBogacz and Ziolck
CsCl-ZnCl, A 108 Weeks
CuCl-KCl A 116 Kanazawa and Sakai

Specific conductance

System "Techniquc Recommended reference
DyCl:KCl ¢ A 190 Forthmann and Schneider
DyCls-NaCl e‘ A 190 Forthmann and Schneider
ErCL-KCL A 19¢ Forthmann and Schneider
GaCl-HeCl: | A 148 Chretien and Couturier
GaCl-KCl .A 80 Arbekov and Petrov
CalCl.LiCl ; A 138 Arbekov and Petrov
GaCl-NaCl A 138 Arbekov and Petrov
GaCl:-Rh(l A 8¢ Arbekov and Petrov
GaCl-ShCls A 148 Chretien and Couturier
GdCL-KCI A 190 Forthmann and Schneider
GdClL-NaCl A 190 Forthmann and Schneider
HgCl-He.Cl A 121 Grantham
HgClL-NH.CI A 123 Belyaev and Mironov
KCl-LaCly A 186 Forthmann, Vogel and Schneider
KCL-LiCl A 37 Van Artsdalen and Yaffe
KCI-MgCl. A 117 Sakai and Hayashi
KCI-MnCl. A 72 Murgulescu and Zuca
KCI-NaCl A 37 Van Artsdalen and Yaffe
KCI-NdCl, A 190 Forthmann znd Schneider
KCI-PbhCl. A 43 Lantratov and Moiseeva
KCI-PrCl. A 190 Forthmann and Schneider
KCI-RbC1 A 98 Zuca and Olteanu
KC1-ScCls A 71 Fedorov and Petrov
KC1-8nCl. A 119 Rafalski:

KCL-TiC, A 55 Delimarskii and Chernov
KCl-UCl A 137 Mochinaga et al.

KCLUCIL A 158 Bogacz and Ziolek

KCI-ZnCl, A 108 Weeks

LaCle-LiC] A 154 Smirnov arnd Khokhlov
LaCl-NaCl A 186 Forthmann, Vogel and Schneider
LaClL-R1Cl A 186 Forthmann, Vogel and Schneider
LiCl-MgCl, A 77 Matsushima and Ito

LiCl-NaCl A 11 Zuca and Olteanu

LiCI-RbCl A 11 Zuca and Olteanu

LiCl-ScCl, A 73 Fedorov and Petrov

LiCl-UCL A 179 Bogacz and Zioiek

MgCl-NaCl A 109 Grjotheim et al.

NaCI-NbCIs A 54 Belozerskii and Freidlina
NaCl-NdCla A 190 Forthmann and Schneider
NaCi-PhCl, A 49 Bloom and Macky

e
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TasLe 627. Experimental techniques used and recommended refer- TaBLE 627. Experimental techniques used and recommended refer-
ences for specific conductance, density, viscosity, and ences for specific conductance, density, viscosity, and
surface tension of molten chloride mixtures—Continued surface tension of molten chloride mixtures—Continued

Specific conductance Density
System Technique Recommended reference System ; Technique Recommended reference

NaCl-PrCls A 190 Forthmann and Schneider CsCl-LaCl E 177 Smirnov and Stepanov

NaCl-RbCl A 98 Zuca and Olteanu CsCLLiCl ! A 75 Smirnov et al.

NaCl-ScCla A 73 Fedorov and Petrov CsCl-MgCl, l A 130 Lillebuen

NaCl-SmCL A 190 Forthmann and Schneider CsCl-MnCl, A 202 Markov

NaCl-ThCl, A 81 Kuroda et al. CeCl-NaCl | A * 98 Olteanu and Zuca

NaCl-TiCl A 55 Delimarskii and Chernov CsCL-PbCL. ) A 103 Bloom et al.

NaCl-UCl, A 137 Mochinaga et al. CsCI-RbCl ! A 98 Zuca and Olteanu

NaCl-UClL A 158 Bogacz and Ziolek CsCl-UCly A 158 Bogacz and Ziolek

NaCl.ZnCl, A 108 Weeks CsC1.7n (1, n 108 Weeks

NaCl-ZrCl A 54 Belozerskii and Freidlina CuClKC1 A 18 Sackur

PbCL-RbCl A 49 Bloom and Macky KCl-LaCls E 178 Smirnov and Stepanov

PbhCL-TICI A 68 Lantratov and Moiseeva KCLLiC1 A 37 Van Artsdalen and Yaffe

KCl-MgCle A 130 Lillebuen

RbCI‘S?C]” A 71 Fedoroy and Peu:ov oo KC1-MnCl: A 72 Murgulescu and Zuca

RbCI-TiCl: A 59 Chernov and Delimarskii KC1-NaCl A 37 Van Artsdalen and Yaffe

RbC1-UCL A 158 Bogacz and Ziolek KCLPbCl, B 26 Boardman et al.

ShCl-SbCls J A 46 Beketov et al. KCI-RbCl A 98 Zuca and Olteanu

Density KCI-5:Cle A 143 Ellis and Smith
KCI1-UCl, D 189 Mochinaga et al.
A: Archimedean KCLUCL A 158 Bogacz and Ziolek
R: Dilatometric KCl-ZnCly D 108 Wecks
C: Flotation
D: Pycnometric LaCl.-LaCl, A i 111 Smirnov et al.
E: Bubble pressure LaCl;-LiCl E . 176 Smirnov and Stepanov
- - LiCl-MgCl. A i 130 Lillebuen
System Technique i Recommended reference LiCl-MnCl. A 202 Markov et al.
AgCIKC] B 26 Boardman et al. L%C]-NaCl A 11 Zuca and Olteanu
AeCLPLCL B 26 Boardman et al. LiCI-PbClL A 193 Lantratov and Shevlyakova
g 2 . .

AICL-BiCl, c 90 Boston LTCLUCL A 179 Bogacz and Ziolek

AICLKCI c 92 Carter and Morrey LiCl-ZnCl. A 194 Markov and Bolkov

AlCL-LiC B 112 Moss MgCl-NaCl A 130 Lillebuen

AlCl-NaCl Cc 110 Boston MgCl-RbCl A 130 Lillebuen

AICL-NH,CI B 42 Yamaguti and Sisido

AICL-RbCl B 112 Moss . NaCl-PbCl, A 103 Bloom et al.

NaCl-RbCl A 98 Zuca and Olteanu

BaCi-CdCl. B 26 Boardman et al. NaCl.-ThCL A 200 Kuroda et al.

‘BaCl-CsCl A 79 Smirnoy et al. NaCl-UCL A 158 Bogacz and Ziolek

BaCl-KCl A 33 Peake and Bothwell NaCl-ZnCl, D 108 Weeks

Ba(Cl-LaCls E 168 Smirnov and Stepanov

BaCl-LiCl E 126 Smirnoy et al. PbCl-RbC] A 103 Bloom et al.

BaCl-MgCl. A 150 Reding PbhCL-TICY A 195 Markov et al.

BaCl.-NaCl A 34 Vereshchetina and Luzhnaya PbCl-ZnCl, D 19 Uildebrand and Wachter

pare | 3wt T o |k | i s

N RbCl-ZnCle A 194 Markov and Bolkov

CaCl-CeCl n 237 Lehman ShCL-ShCl, | D 46 Beketov ct al.

aCl:- J illcbuen . |
A SnCL-TiCk D 48 Toropoy

CaCl-LiCl A 171 Emons et al. S$nCL-ZnCl A 128 Prikhodk

CaCl-MgCl. A 130 Lillebuen wo rihodke

CaCl-MnCi. A 202 Markov et al. TIC1-ZnCl. A i 195 Markov et al.

CaCl.-NaCl A 1320 Lillebuen Viscosity

CaCl-RbCl A 171 Emons et al.

CaCl,-SrCl, A 6 Arndtand Gessler A: Capillary

CdCl-CsCl A 103 Bloom et al. B: Oscillating sphere

CdCI-KC1 B 26 Roardman et al. System ~ Techniquc Recommendcd referency

gggrlNJCl A 31 Bloom et al. AgClLKCl ‘ A 35 Harrap and Heymann

»-NaCl B 26 Boardman et al.
CdCL-PbCL B 26 Boardman et al. AgCl-PbCl: A 35 Harrap and Heymann
e AICL-NaCl A 32 Kryagova :

CdC1-RbCI A 103 Bloom et al. : i vag

CdCL-TICI A 195 Markov et al. BaCl-CsCl | B 174 Smirnov and Khokhlov

2dCle-ZaCls A 93 Markov et al. BaClL-LiCl | B 173 Smirnov and Khokhlov

ZeCl-KCl A 106 Smirnov and Lbov BaCl-MgCi. ‘ B 151 Bondarenko and Strelets

2sCLKC1 A 98 Zuca and Olteanu BaCi-NaCl | B 34 Vereshchetina and Luzhnaya
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TaBLE 627. Experimental techniques used and recommended refer-
ences for specific conductance, density, viscosity, and
surface tension of moliten chloride mixtures—Continued

Viscosity Surface tension
System Technique Recommended reference System Technique Recommended reference
CaCl-NaCl B 34 Vereshchetina and Luzhnaya TaCl-1aClh A 1 248 Smirnov et a1
CdCi-KCl A 36 Harrap and Heymann LiCl-MgCla C » 253 Lillebuen
CdCl-NaCl A 36 Harrap and Heymann LiCl-NaCl i} A i 257 Mizuno et al.
CdCL-PbCl. A 36 Harrap and Heymann LiCl-NaCl A { 257 Mizuno et al.
CsCl-LaCls B 173 Smirnov and Khokhlov LiCl-PhCl. A i 238 Dahl and Duke
CsCl-LiCl B 82 Smirnov and Khokhlov LiCI-RbC1 A ! 256 Semenchenko and Shikhobalova
KCLLiCI B 149 Zuca and Borean LiCl-UCL oA 179 Bogacz and Ziole!
KCi-MgCle B 66 Bondarenko - MgCl-NaCl | A 245 Desyatnikov
KCl-NaCl B 53 Murgulescu and Zuca MgCl=-RbCl C 253 Lillebuen
KCI-PbCle A 36 Harrap and Heymann
KCI-SbC]a A 40 Stromberg NaCI-PbC]s A 224 Bloom ?t al.
NaCl-RhC} B 243 Bertozzi
LaCl-LaCl. B 99 Smirnov et al. Nall.SeCl R 244, Rertozzi and Saldani
LaCl-LiCl B 173 Smirnov and Khokhlov :
LiCL-MgCle B 88 Bordarenko PbCl-RbCI A 238 Dahl and Duke
MgCl-NaCl B 151 Bondarenke and Strelets
NaCl-ZnCl. A 198 Bloom and Weeks’
7. Unevaluated Systems
ShCls-ShCls A 46 Beketov
SnCleTiCls A ; 48 Toropov To make this manuscript more complete from the view-
Surface tension point of new systems that have been investigated, this
A: Maximum bubble pressure section lists the publications that have been received too
B: Wilhelmy slide plate late for critical evaluation. These investigations are sum-
C: Pin detachment marized in tables 628 and 629 for binary mixtures and
System Technique Recommended reference single salts respectively, with an indication of the system,
AgCLKCl A 234 Boardman, Palmer and Heymann property, and Investigator.
AgCI PbClL A 234 Boardman, Palmer and Heymann
BaCl.-CaCl. A 229 Lantratov
BaCl-CsCl A 225 Smirnov and Stepanov - 698, T luated bi +
BaCL-KC] A 232 Bothwell and Peake Tasie 6“8'| vl ey e
BaCl-LaCl, A 168 Smirnov and Stepanov System Property ! Investigators Ref.
BaCl-LiCl A 251 Smirnov et al. CaCl-CsCl « | Emons, Brautigam, Vogt (1972) | 331
BaCl.-MgCl: A 241 Reding
7 Ohta (1974) 332
BaCl.-NaCl A 233 Sokolova and Voskresenskaya CaCL-KCI Dumas, Fjeld, Griotheim, fiye
BaCl:RbCl B 244 Bertozzi and Soldani * i e ’
: (1973) 333
CaCl-CsCl A 237 Lehman CaCl-LiCl p Brautigam, Emons (1972) 330
CaCl-KC] C 253 Lillebuen CaCl>-MgCl. 7 Dumas, Fjeld, Grjotheim, fye
CaCl.-1.iC1 C 258 Crjotheim ot al. (1973) 333
CaCl-MgCl. C 253 Lillebuen CaCl-NaCl 7 Dumas, Fjeld, Grjotheim, fye
CaCl-NaCl A 229 Lantratov (1973) 333
CaCl-RbhCl1 C 258 Grjotheim et al. CaCl-RbCl p Brautigam, Emons (1972) 330
CdCl-KCl A 2324 Roardman et al n Ohta (1974) 332
CdCle-NaCl A 234 Boardman, Palmer and Heymann CaCl-UCly I3 Desyatnik, Katyshev, Melnikov,
CdCl-PhCl, A 234 Boardman, Palmer and Heymann Raspopin (1973) 334
CsCl-LaCl, A 177 Smirnov and Stepanov CsCI-KCl p.n | Zuca, Borcan (1974) 352
CsCL-LiCl A 252 Smirnov and Stepanov CsCL-LiCl s, | Zuca, Borean (1974) 352
CsC1-MgCl, C 253 Lillebuen CsCI-MgCl: 7 Dumas, Fjcld, Grjotheim, fye
CsCl-NaCl B 243 Bertozzi (1973) 333
CsCl-PhCl, A 238 Dahl and Duke CsCl-MnCl. 13 Kucharski, Flengas (1974) 335
CsCI-SrCl B 244 Bertozzi and Soldani CsCl-NaCl n Ohta (1974) 332
CsCI-Rb(C1 £:7 Zuca, Borcan (1974) 352
KCl-LaCl, A 178 Smirnov and Stepanov CsCL-SrCl ! E . -
sCl- 2 s, B am, Vogt (1973 336
KCLLCl A 230, Nissen and Carlsten e ‘ mons, Brautigam, Vogt (1978)
231 ) K€I-LuCly v Kurmaev, Kuprianova, Maltsev,
KC1-MgCl. A 248 Dcesyatnikov Krokhin (1974) 337
KCI-NaCl A 245 Desyatnikov KCl-MnCl. I3 Kucharski, Flengas (1974) 335
KC1-Pb(Cl. A 238 Dahl and Duke KCI-NdCls % Kurmaev, Kuprianova, Maltsev,
KCI-SrCle A 143 Ellis . Krokhin (1974) 337
KC1.ZnCl. A 187 Ellie KCI-RLCI ey | Zuca, Borcan (1974) 352
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TasLe 628. Unevaluated binary systems*—Continued TaBLE 629. Unevaluated single salts"—Continued
System Property Investigators Ref. System Property Investigators  Ref.
KCI-SrCl. K Yoshida, Oyamada (1973) 325, MnCl. Kucharski, Flengas (1974) 335
Emons, Brautigam, Vogt (1973) | 336 p Markov, Prisyazhnyii, .
KCI-TICI p Buckle, Tsaoussoglou (1972) 219 Prikhodke (1970) 202
LiCl-MgCl. 7 Dumas, Fjeld, Grjotheim, five NaCl K Kuvakin, Evstifeev, Ispolin, |
(1973) . 333 Talanova (1972) ;339
LiCl-MnCl. K Kucharski, Flengas (1974) 1335 . Shabanov, Gadzhiev, Tagirov |
LiCl-RbCl o Zuca, Borcan (1974) 352 (1973) ©343
n Dumas, Field, Griotheim, fve Kucharski. Flengas (1974) 335
(1973) 333 7 Ohta (1974) ) 332
LS oo, Borean (01) o |22 e ¢ |Kucharski, Flengas (1974) | 335
iCl-SrCl. K Emons, Brautigam, Vogt (1973) 31 Shabanov, Gadzhiev, Tagirov
MgCL-RbC1 7 Dumas, Fjeld, Grjotheim, fiye (1973} - 344
(1973) 333 p Buckle, Tsaoussoglou (1972) ©219
MgCl-UCl, p Desyatnikov, Katyshev, Meinikov, Zuca, Borcan (1974) 352
Raspopin (1973) 334 K Ohta (1974) § 832
MnCl-NaCl K Kucharski, Flengas (1974) 335 Schéneborn {1974) | 345
MnCL-RhC] Kucharski, Flengas (1974) 335 Zuca, Borcan (1974) 352
' : % Grjotheim, Holm, Lillebuen, fiye |
NaCl-SrCl. K Emons, Brautigam, Vogt (1973) 336 . (1972) | 258
NbCls-TaCls P Niselson, Sokolova (1964) 217 : ;
ZnCl: 0% Karamyshev, Vitkin, Ozhegov, 1
RbCI-8:Cle p Emons, Brautigam, Vogt (1973) 336 ! Levenkov, Kipov (1973) i 329
RbCL-TiCl, P Buckle, Tsaoussoglu (1972) 219 - :
“The following unevaluated systems were added at the galley

"The following unevaluated systems were added at the galley
proof stage: BaCl-LiCl (p) [366]; BaCl.-NaCl (p) [366]; BeCl-KCl
(p) [370]; BeCl-NaCl (p) [370]; CzCl-DyCla (p) [367]; CaCl.-
NéCls (p) [350]; CaCl-PrCl, () [350]; CdCl-PbCl. (k) [363]:
CsCLLiCl (v) [359]; CsCl-NaCl (v) [359); KCI-LiCl (y) [359]:
KCI-MgCl: (p) [368]; KCI-NaCl () 1359f; KCI-NdCls (p) [3501;
KCLPrCl  (p) [350]; KCL-SnCl. (k) [364]; KCI-ThCly (x, p)
[355); KCI-UCL (v) [360]; KCI-UCL (v) [360]; KCLYCl: (x)
[3541; p [3560]; LiCl-NaCl (p) [366]; v [359]; LiCl-SrCl. (p) [366]:
MnCL-BuNCl () [365]; NaCLNdCL {p) [350]; NaCl-PrCla (p)
[350]; NaCl-SrCl. () [366]; NaCl-ThCl: (x, ) [357); NaCl-UCl,
(y) [360]; NaCl-YCl, (p} [356]; PbCl-ZnCl: (x) {3581, (x,7%)
[369); SnCl-ZnCl. (k) [358], («, ) [364].

Taore 629. Uncvalualed single salts®

System Property Investigators Ref.

BiCls K Treiber, Todkeide (1973) 340

P | Treiber, Todheide (1973) 341

CaCl: 7 Ohta (1974) 332

CaCle X Kucharski, Flengas (1974) 335

P Zuce, Borcan {1974) 352

7 Ohta (1974) 332

Zuca, Borcan (1974) 352

KCl K Buckle, Tsaoussoglou (1972) 342
Shabanov, Gadzhiev, Tagirov

(1973) 343

Kucharski, Flengas (1974) : 335

P Zuca, Borcan (1974) 352

7 Ohta (1974) 332

Zuca, Borcan (1974) 352

GaCls I3 Greenwood, Worrall (1957) 351

LiCl K Kucharski, Flengas (1974) 335
Shabanov, Gadzhiev, Tagirov

(1973) 1343

X Zuca, Borcan (1974) i 352
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pronf stage: BaCl. (p) [366]; BeCl. («) [362]; DyCl. {p) [367];
LiCl (p) [366]1; NaCl (p) [366]; SrCl. (p) [366]; ZnCl: (n) [361].
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