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GRAVIMETRIC MEASUREMENTS OF MATERIALS OUTGASSING APPLIED TO
GRAPHITE-EPOXY LAMINATES

John J. Scialdone
Goddard Space Flight Center

Greenbelt, MD

PREFACE

The outgassing rates of two Graphite-Epoxy Laminates, American Cyanamide 985B-626 and HST-7B-
112, were obtained using a gravimetric method. The rates as a function of time and temperature
were derived from the measurements of their mass losses at temperatures varying from 25°C to
150°C and for a time span of up to 400 hours in a vacuum. The data from those measurements
were reduced to obtain the outgassing activation energies. the mass losses per unit mass or area, and
the corresponding outgassing rates. The rates are expressed in closed form equations and are direct-
ly usable for modeling computations. The procedures to obtain these parameters are shown and
may be used for the evaluation of other materials. The analysis can be carried out quite rapidly

using a computer’s algorithm.

The results of the tests and analyses show the following. The activation energies of the two mate-

rals are: 4630 cal/mole for the 985B-626 material and 4791 cal/mole for the HST-7B-112 sample

#10 Graphite Epoxy.

The outgassing rates of these materials are in the 10E-5 g/01112hr range and they decay according to
a power of time of 0.60 at 25°C, indicating that the outgassing process is mainly a diffusion at
that temperature. At higher temperatures, these materials show a time decay approaching a power
of one, which may be the result of several outgassing processes occurring simultaneously, and/or the
result of the change in heat of desorption as a function of the amount of material on the surface.
A large amount, (30 to 40 percent of those rates) consists of water as shown by the mass spectro-
meter data and by the measured water regained by the material after outgassing at 125°C for 24

hours. Tests also showed that 1 month after that test, a repeated 125°C. 24-hour test produced



a total mass loss comparable to the water regained after the first test. The condensable material
accumulated on the 25°C collector disk after the first ASTM-E595 test was 0.01 percent of the

total mass and was not measurable after the second test, which occurred a month later.

The normalized mass losses versus time obtained from these tests have been compared to the discrete
results obtained from the ASTM-ES595 tests. The comparison provides general indications on the ef-
fects of temperature and time in relation to the ASTM test values obtained at 125°C for a 24-hour

test duration.
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INTRODUCTION

Contamination from materials outgassing, and from other molecular or particulate sources, can de-
grade the performance of an instrument or spacecraft. An understanding of the contaminant source,
its transport, deposition, and effects on a surface and on the environment is of importance for the
prediction, the mitigation of the contamination, and the expected degradation of the spacecraft’s or-
bital environment. The degradation of an onboard system and of the surrounding environment due
to molecular sources can be avoided or reduced by knowing the outgassing properties of the materi-
als in the system. The effects of temperature and time on oufgassing rates as well as the chemical
nature of the outgassing must be known. A knowledge of these parameters, together with a proper
shielding of the critical surfaces, the proper venting and directional dissipation of the outgassing into
the environment, and the delayed exposure of outgassing materials to high temperature can all con-
tribute to the avoidance and reduction of contaminant deposits on surfaces—and of the degradation

of the surrounding environment.

In this paper, the outgassing of Graphite-Epoxy laminate bars used extensively in structures for space
applications is measured using a gravimetric method. The material outgassing activation energy, and
the outgassing rates as a function of time, surface area, and temperature are obtained by measuring
the weight loss of the material in vacuum at various constant temperatures and as a function of
time. These data provide a description of the outgassing rates versus time of the material at those
temperatures as well as the energy of activation needed for its removal from a surface on which it
may have deposited (if the deposited material was not affected by cxternal sources of radiation.)
The time dependence of the outgassing also provides indications of the mechanism of the outgassing,
be it surface desorption, diffusion, permeation or a combination of those cffects.  These indications
on the outgassing processcs are helpful in finding ways to limit their gascous releases.  The test data
obtained in these measurements have been reduced, assuming that the outgassing is produced by a
generalized first-order reaction kinetics modified to account for the several products comprising the
outgassing. The outgassing results and the present approach are (o be comparced at a later date to

the results obtained from other methods. A comparison with the results obtained from the ASTM-



E595 outgassing method provides additional understanding of those single, discrete results. The ASTM
method (Ref. 1) indicates the percentage of weight loss and the percentage deposited on a collector
at 25°C when the material under test has been exposed to 125°C in vacuum for 24 hours. The
data from that test are easily obtained and extensively used. The screening of materials for space
applications is based on those tests. The criteria for acceptance of a material are that it should
lose less than | percent of its weight and produce less than 0.1 percent volatile condensable mate-
rial when tested according to the ASTM test. The results using the present methods are expected
to be compared at a later time to those obtained from a thermogravimetric analysis (TGA) which
utilizes the temperature scanning of the material and the relative weight loss to derive the kinetic
ﬁroperties; i.e., activation energy, pre-exponent for activation, and order of the outgassing reaction
process. The TGA method is quite simple and rapid, offering significant saving of time and etfort

if it can be reliably used and interpreted.

It is alsqr intended at a later date to perform a comparison using simultaneously the present weight
loss method and the method employing a Quartz Crystal Microbalance (QCM). The QCM method
measures the accretion of outgassing products on a vibrating crystal held at chosen temperatures.
That method has the advantage of providing indications for the identification of the accreted pro-
ducts. The temperature of the Quartz Crystal is varied to release or accrete the deposited material

and infer from those temperatures the nature of the condensate.

EXPERIMENTAL PROCEDURE

Two types of graphite-epoxy laminates were tested, at 10E-6 torr pressure. and temperatures of 25, 50,

100, 125 and 150°C to measure their weight losses versus time.  The measurements were carried out
using an Ainsworth Recording Vacuum Balance. The balance, which has a capacity of 100 g, has a
sensitivity of 0.1 mg, and the readability on the Bristol strip chart is also 0.1 mg. The specimen
weight loss is attomatically rrccordcd on the strip charts which also record the temperature. The tem-
perature ol the specimen can be varied n increments of 5°C. The vacuum chamber in which the sam-
ple i inserted and heated is 3 inches in diameter and is 20 inches long.  The initial operation consists

of weighing the sample before being inserted in the balance and adjusting the balance accordingly.
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The graphite-epoxy samples, provided by the American Cyanamide Co. were: CYCOM HST-7, Batch
112, which will be referred to here as sample #10; and CYCOM 985, Batch 26, referred to as

sample #4.

The HST-7 sample #10 is an epoxy-laminated material for use as a structural composite where high
toughness and impact properties are required. It is a combination of two layers. A high-modulus
resin is used on the graphite fiber. A separate high-strain resin layer is applied” to one side of the
graphite prepreg to provide a stiffness to the system. Optimum properties are achieved by curing

under a pressure of 100 psi at 177°C for 2 hours. The resin content is given as 45.9%: the aereal
weight as 146.1 g/m? and is specified to have 1% maximum volatile components. The sample used

for this test was 1.9985” wide, 0.1230” thick and had an initial mass of 2.888 grams.

The CYCOM-985 sample #4 is a graphite-epoxy composite for applications where a good balance
between performance and processing is required. It has a resin content of 33.9%. an aereal graphite
weight of 144 g/mz, and a volatile component of 0.22%. The weave is specified as a 12-1/2 X
12-1/2 plain which will consist of 14 plies. The dimensions of the test sample were 1.99157 long,

0.5000” wide, 0.0920™ thick and the initial mass was 2.0631 grams.

The mass loss of the sample was recorded continuously and typed in a Lotus 1-2-3 file. The losses
during the initial 2.5 hours of cach test run were sampled every 15 minutes. After the initial 2.5

hours of rapid mass changing, the sampling was done cvery 30 minutes.

The data obtained from the tests are shown in Figures 1 and 2 for the samples #10 and #4. re-
spectively.  The mass losses have been normalized to the mass loss of the sample taken after 24
hours at 125°C. This was done to correlate with the mass losses measured using the ASTM-ES95
test method and o generalize the tests. The total mass losses and other pertinent data on the sam-
ple have been shown in the figures.  Figures 3 and 4 show the log to base 10 of the initial mass
foss Tates. al t = 0 versus 171 where T(K) represent the isothermal outgassing temperatures of the
samples.  These are Arrhenius plots of the outgassing reaction rafes shown in terms ot log to base

10 rather than log to base ¢, which are required for the analysis of the data and the derivation of



the activation energy and of the pre-exponent term of the Arrhenius equation. The slopes of the
curves indicate the activation energies required for the outgassing. The intersections of the curves
with the Y axis showing the outgassing rates represent the pre-exponential term in the Arrhenius
expression for the reaction rates. Additional characterizations of the graphite-epoxy material have
been provided. The mass spectrum of sample #4, laminate 985B-626, and the results of the ASTM-

ES95 for both samples are enclosed in the appendix.

Theory

Rate of Mass Loss and Activation Energy

Assuming that the outgassing may be represented by a first-order reaction kinetics within the range
of temperatures under consideration (refs. 2 and 3), the rate of mass loss is dm/dt = ~km, where
m(g) is the mass and k = A exp -E/RT is the Arrhenius expression relating the reaction constant k
to the activation energy E, (cal/mole) required for outgassing, the temperature T(K); the frequency
factor A(l/s), and R{cal/molc/K) the gas constant. The constant k can also be written for conven-

ience as k = 1/r, where 7 = 7, exp E/RT and the mass loss ratc is then
dm/dt = - mfr . 1)

The integration of this for m = m,, when t = o, indicates that the mass remaining as a function

of time is given by

m = m, cexp - t/r (2)

and the mass loss comparable to the data reported in Figures 1 and 2 is

m, -m = m, (I -cxp - t/r) . (3)

In Figures 1 and 2, the value of (m - m), as in this last expression, has been normalized by the
loss (mr)”produced by the material after 24 hours at 125°C.  This normalized loss (m, - m)/m is
shown on the plot, and,v the units along the Y axis are (g/g). The loss can also be expressed in

terms of the area in the sample (g/cm?) when the loss results are expressed in terms ol the sample

surface areas.
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The rate of mass change from the above is representable in any of the following forms:
dm/dt = -km = -m/r = m/T exp - t/T = - mA exp - E/RT . “é)
Taking the natural log of both sides of the above expression after dividing by m, one gets
In (1/m dm/dt) = -1nA - E/R(1/T) . (5)

The plot of In 1/mdm/dt versus 1/T indicates the slope of 1/T which is E/R and the value of the

frequency factor A which is given by the intersection of the curve with the Y axis.

Figures 3 and 4 show the plot of the log (1/m (m, - m/t - t,) versus 1/T taken from the data in

Figures 1 and 2. The appropriate change from log to base 10 to In provides the value of E/R.

The equivalent activation energy can also be estimated by comparing the outgassing rates at the same
time for two outgassing temperatures, T and T,, assuming the difference in temperature is small.

In fact, from Eq. 4, the rates are related by the Arrhenius relation:
dm
amfdtly /| ST = e ER (T - 1T ©)
1 dt T, :

This assumes that E remains constant within the range of temperatures being considered and does

not change as a function of the mass loss.

The plots in Figures 1 and 2 do not show the exponential time dependence indicated by Eq. 3,
nor do they show the time dependence for the rate of outgassing indicated by Eq. 4. This timc
dependence is, in general, verified in many cases of matcrial outgassing, because the outgassing con-
sists of the release of different concentrations of materials following various processes and the first-
order reaction kinetics is not applicable (Refs. 4 and 5). The actual outgassing rates as obtained
from Figures 1 and 2 arc shown in [Figures 5 and 6. These were determined by plotting on log-

log coordinates, the rate of change of masses,

(m,_ - mn)/“nﬂ -4 /A



versus time. The slope of the plotted curve and the intersection with the Y axis show that the out-

gassing rates are expressible by the function
dm/dt (1/A) = B/t" (N

The constant B is given by the intersection with the Y axis and it includes the effect of the tem-
perature on the outgassing, the activation energy, and the units used for mass and time. Its value
includes the Arrhenius factor A exp - E/RT which can be obtained in a process of comparison as
shown by Eq. 5. The exponent n indicates how the rate changes with time. By a process of as-
sociation with the rate change with time for known physical processes, one can obtain an indication
of the prevailing process involved in that particular outgassing: i.e., diffusion. surface physical or
chemical desorption, permeation, sublimation or a combination of those processes (Ref. 5). In gen-
eral, the experimental data on outgassing indicates that for fixed-material temperatures and for a

considerable length of time, the outgassing rates are expressible by
dm/dt = B/t" =~ (A exp - E/RTt™ (8
where A, T, and E are parameters included in the value of B.

Data Reduction

The normalized mass losses shown in Figures 1 and 2 modified by the uppropriater Vpiararmreters. pro-
vide the mass-loss-per-unit mass (m, - 111/111..)111,./1110 and the mass-loss-per-unit area versus time and
as a function of the outgassing temperature. The masses of the samples and the surface areas were
measured at room temperature with 50% relative humidity. The log of the normalized initial mass
loss rates, log(m - m/mr/t - t,) versus the inverse of the absolute temperature of the outgassing
(1/T). is shown in Figures 3 and 4. These are the plots of the log to base 10 of Eq. 4. However,
the activation energies I and the frequency factor A must be obtained by plotting the data in terms
Cof the natural log.  The value E/R (intercept on X) and the A (intereept on Y) shown on the fig-
ares, have been changed to the appropriate In. The results for the activation energy and the fre-

qu’cncy factor are 4630.27 (cal/mole) and 37.94 (he™h), respectively, for sample #4 and 4791.7 cal/

i —— 0
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mole and 46.049 (hr'l) for sample #10. Regression analyses on these results show errors of 3.5%

for sample #4 and 6.9% for sample #10, for the activation energies; and 2.9 and 4.0% for the fre-
quency factors. The activation energies of sample #4 obtained using Eq. 6, and the rates of mass

loss shown in Figure 1 when measured in the interval of time from 20 hours to 30 hours, and for
temperature (K) ratios of 323/298, 373/298, 398/298, 398/373, varied from 3404 cal/mole for the ratio
of 273/298 to 4994 cal/mole for the 398/373 ratio. The average activation energy was 4070 cal/

mole. This average value is 88% of E = 4630 obtained from the initial rates of mass loss.

The outgassing rates per-unit-area 1/A dm/dt, obtained from Figures 1 and 2 plotted as a function
of time and for different isothermal outgassing rates are shown in Figures S and 6. The data are
plotted in log-log coordinates to provide, as indicated by Eq. 8, the constant B and the exponent
n for the time. The errors for the n values were less than 5% and for the constant B, about 20%.
The equivalent errors for sample #10 were less than 3.4% for the n and about 16% for B. Table
1 shows the values obtained from those plots and the relative equations for outgassing at the various

temperatures.

The outgassing rates of the graphite-epoxy material. as found here, are comparable to the results for
similar materials indicated in the literature (Ret. 6). The material exhibits considerable outgassing.
The test data in the appendix provide some explanation for this behavior. The mass spectrometer
fragmentation of the material at 290°C shows the spectrum with major picks at 243, 93, 106, 108,
77 and 65 mjc. These are representative of aromatic epoxy compounds that are amino cured. The
mass spectrometer detected no (<1%) outgassing at temperatures less than 200°C. The ASTM tests
indicated that the water regained by the two samples at 50% R.H.. and 25°C was 0.31% for sample
#4 and 0.26% for sample #10. A comparison of these values to those of the total mass losses in-
dicates that a considerable amount of the outgassing, on the order of 30-407%. is water. Also, the

condensable amount of the total loss at 25°C is only 0.01%.

RESULTS AND CONCLUSIONS

The outgassing rates of two graphitecpoxy laminates, American Cyanamide 985B-626 and HST-7B-



112, were obtained using a gravimetric method. The rates as a function of time and temperature
were derived from the measurements of their mass losses at temperatures varying from 25°C to 150°C
and for a span time of up to 400 hours in vacuum. The data from those measurements were re-
duced to obtain the outgassing activation energies, the mass losses per unit mass or area, and the
corresponding outgassing rates. The rates are expressed in closed-form equations and are directly us-
able for modeling computations. The procedures to obtain these parameters have been shown and
may be used for the evaluation of other materials. The analysis can be carried out quite rapidly

using a computer’s algorithm.
The results of the tests and analyses show the following:

® The activation energies of the two materials are: 4630 cal/mole for the 985B-626 material and
4791 cal/mole for the HST-7B-112 sample #10 graphite-cpoxy. They show the limited amount of

energy needed to affect the outgassing.

® The outgassing rates of these materials are in the 10E-5 g/cm? hr range and decay according to a
power of time of 0.60 at 25°C. This rate decay indicates that the outgassing process is mainly a
diffusion at that temperature. At higher temperatures, thesc materials show a time decay approach-
ing a pbwer of one. This behavior, theoretically justifiable, occurs when the outgassing is the result
of several processes occurring simultaneously, including the change in heat of desorption as a func-

tion of the amount of material on the surface.

® The analysis shows that the outgassing does not follow a first-order reaction kinctics but rather,

follows a higher order.

® The outgassing rates are relatively high. However, 30-40% of those rates consist of water as

shown by the mass spectrometer data and the measured water rcgéihcd by the material after out-

gassing at 125°C for 24 hours. Tests have also shown that | month after that test, a repeated

125°C, 24-hour test produces a total mass loss comparable to the water regained after the first test.

10
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® The condensable material accumulated on the 25°C collector disk after the first ASTM test was

0.01% of the total mass and not measurable after the second test, a month after.
e The data obtained from these tests can be used for several purposes:

The normalized mass losses versus time can be compared to the discrete results obtained from the
ASTM-E595 test which are used extensively for acceptability of materials for space application. The
comparison can provide general indications on the effects of temperature and time in relation to the

values obtained at a 125°C, 24-hour test.

e The activation energy data allow one to estimate the effect of temperature on outgassing and the
effect that the temperature will have on preventing and removing contaminant deposits from a sur-
face, provided that radiation and accumulation of other materials have not chémged the nature of the

deposit.

® The closed-form expressions for the outgassing rates permit one to estimate, in conjunction with
other data, the internal pressure in a system and the density conditions produced in the surrounding
environment as a function of time. Certain acceptable conditions of pressure and density can be

established in this manner.

® Finally, the gravimetric method for obtaining the needed outgassing data has been shown. The

method is relatively simple and requires less manipulation of the data than other methods.
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Table 1

Sample #4 Am. CY 985-B - 626 Graphite - Epoxy Laminate

(m, = 11.2 E-3 g, A = 6.24cm?, m_ = 2.0631 g)

m. the mass foss of the material at lliog‘ for 24 hours in vacuun,

m o the initial mass o the material @ 257°C ambient, 507% R.H.

1. Tuwe (he).

n, sfope of the plot of outgass. rate vs time indicated on plot as X inteicept.

fop(dm/de 1/A) indicated on plot as Y intereept.

To express the rate in the usual tore Fsem™ mudtiply by 224 X 700,M30600, where M(g/mole).

ORIGINAL PAGE 1S
OF POOR QUALITY

Temp. Slope log(dm/dt 1/A) I/Adm/dt Outgass. rate
O n (mg/cm? hr) g/cm? /hr
25 -0.6204 -1.36432 4.325 E-2 4.325 E-5 6204
50 -0.56169 -1.14980 7.095 E-2 7.095 E-5 -0l
100 -0.72912 -0.69611 2.013 E-I 2.013 E4 729
125 -0.8612 -0.537 2.904 E-I 2.013 E-4 8612
150 -.97099 -0.34138 4.560 E-1 4.56 E4 970
Sample #10, Am. CY HST-7B-112 Graphite - Epoxy Laminate
(m, = 154 E-3 g. A = 6.74cm?, m, = 2.888 g
Temp. Slope log(dm/dt 1/A) : I/Adm/dt Outgass. rate 15
O n (ng/cm- /hr) (g/cm? /hr) '
s | - - -
' 50 -0.5986 -1.19956 6.32 E-2 6.32 E-5 98
75 -0.6445 -0.89015 1.28 E-l 1.8 E~ o+
100 -0.69871 -0.61653 242 E-l 242 E-4 (ole
125 -0.83342 -0.42813 3.73 E-1 3.73 k4 8
150 -0.96452 -0.30934 490 -1 400 E- 0
NOTES:

(R RLTI
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‘MICRO "VCM TEST REQUEST AND DATA SHEET
{Requestor please read, then furnish all inforeation above asterisks.}

Requested by ?(MLQ l(‘\(‘)\/LQ./ Phane Date_ Z -5 - 89
Material Identification (product naee, nuaber, description, classification, etc)
{ gwunal e epoxy /gYCAP\/\\TG QAT B -2

Yl
NManufacturer of Katerial (Naee, City and State Address) — 7.(( ACC. 'JD)
Material application (general usage, i.e. adhesive, coating, potting, etc.} L(l Lvii Vil k@
1. 0. Nueber 3\3 - KAS-\]03 -0 Cot™ paa -t Request Infra-Red Spectra?  YES_ B NI guee

[ndicate here all processing required by B6SFC Katerials personnel. Include the recipe, cure{s), and special instructions
to be perforeed.

[f aaterial is to be tested in the “2s received® condition, without further processing required, indicate in full, past
urel{s}, nosenclature of componenis, etc.

history, recipe, cure{¢1, pos

it

&Q\(LL’\A\V\(;E-O SO, (W (Xf\a\qQ \\/15\ é\
‘S AN \\/\&

¥ X K X % k& % % k& ox % % ¥ x X % %k % ¥x ¥x %X ¥ ¥ %x % ¥ x ¥ ¥ ¥k %X kX ® * X
CVCr test specimen preparation and description S(/LAU@C\» CX‘\’\C\ CUT \NTD Staill \VICX()(A'V\’\.I

S\\&\u d pecs

iy S
Bar position-CVCA Yest Nueber.............. 20 io g"i %
Init aass, holder and specisen, ga......... ——%QM—
fass of helder, ge.ooveeiiiaieiiinnan.., - - 53b30
Init specisen aass 8 SO R4, qe......... : 248_209)
Rass after SO IRH re-soak, qe.......... 2 _%A_%QQ_
Final mass, halder L specisen, go.......... 250 20
Total eass loss, speciaen, ga.............. = OO0 )\ @
Per-cent TN, specisen.......ccovevnnnnn... : A 0.9 B
Average value THL .70 ~ ~
Total aass, water vapor reqain, ge......... 000720
Per-cent water vapor regain.....o...oieelns . ) 0.3 n
Average value WVR €_ ST 1RH O.3\ < _
Final aass, collector, ga..ceenunnninnnen, 19020
- Initial eass, collector, gé.ccevevencnnnn. : S
Collected ass - VR, Qa....venernneennnns N .0 &)
Per-cent CVOR....oiviiviniriennniiinnn, . % 0.0% %
fverage value CVCR 0.0\ =
Resarks: CVCA {unweighable} on separalor plate to___ma diaeeter. CVON appearance as tellows: B Pus not detectable
on collector plates: than heavy: color: seooth: seoky:
splotchy: _ partially opaque: _ opaque: ___ ealte: transparent: interference
fringes: _ fogqy: colored liquid: ___distorts eye reflection: _ clear fiquid: liguid runs in
excess: Deposit covers Lot coltector discs:
Specieen appearance after test: no v \“q\L\ \C [§ \f\ A \%Qd
Test started FEB 9 1988 o Test (ncpleled:”_____E&_l 0 1983»4}_ Period Q-LJ Hes,
re -
Pf!SSU'P“(P \/If, LD_’:A§__P65111 Specraen leap. _\ ?_;)/_ L Collector leap. __2-_2_[

Wt Camphadd, Jr

VEM REV 9 31 0UG 47 Analyst

A-1. Sample 4, 985B-620 (#16946).

PRECEDING PAGE BLANK NOT FILMED OF POOR QUALITY
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MICRO VCM TEST REQUEST AND DATA SHEET
(Requestor please read, thea furnish all inforeation above asterisks.}

Requested by {C 'LCK\C\(W\t’/ Phone Date

Material Identification (profuct nase, pusber, description,-classification, etc)

hm\m(ffe. P ﬁ\ap\/\d‘c QRSB - 620

ya
Manufacturer of Haterial (Naee, City/and Statd Address) A L_[\((. — \
fatecial application {general usage, i.e. adhesive, coating, potting, etc.) ! a W\\\'\m\fe
3. 0. Kuster Y- AP —\Q) -0l ~C| A S Request Infra-Red Spectra?  YES N v
\

Indicate here all processing required by GSFC Materials personnel. Iaclude the recipe, cure{s), and special instructions
to be perforeed.

Nevwa (,& GsC UeQAaL DU‘)L'&(&E%)
W ]
po (9 ¢ 20
If saterial is to be tested in the “as received” condition, without further processing required, indicate in full, past
history, recipe, cure(s}, post cure(s), nosenclature of cosponenis, etc.

\Ms coory  ahav @ \28% (&2 kofu — arlorent 30 Aa«,ts

X X £ ¥ ¥ K % kK ¥ ¥ ¥ ¥k % & ¥ ¥ X ¥ X ¥ ¥ ¥ ¥ ¥ ¥X ¥k ¥ ¥ ¥ %X ¥ %X %X ¥ ¥x X

CvCr test specisen preparation and description Sm\\ \\’@%«)\M\v\ S\I\A/‘)GA ng ?\aw‘g WA (000,6

Yy fod
Bar position-CVCM Test Nuaber,......cvveees =) 7 ,17004 . ‘4 - /?l_} 'bu

Init mass, holder and specisen, qQa......... ___fOAlQl > ___L‘é._L_Q.
Kass of holder, ge........ ceerreesinineeann ___Qé%ﬁl}— : . A6

Init specisen aass €_DO TWRH, gs......... * -
Mass aftec {2 IRH re-soat, qa...ecvre. = _%_ O_O__
Final aass, holder & specisen, ga.......... : . a4 29
Total wass loss, specimen, ge.....c.cccaue ] —%le
Per-cent THL, specisen....icecieaservevanes : % -3“ %
Average valve TAL Q.22 7 _
Total eass, water vapor reqain, ge......... L : .00 A4S
Per-cent water vapor reqaif....cceceeeeness . % o.18 A
dverage valde WR ¢ 2(p MW 0.1 % -
Final azss, collector, go...ccvvnvecnennnns ».0) : . Xp 7‘9_\ 22
Initial sass, collector, ge...... . s %‘l
Collected nass - CVUA, qa.. i cvvvecniannsn. . — AV 22—
Per-Cent TVDM...euuerueruneneensereeenennss g % : Z c.00 *
Average valye CVCH b 000 i -
Reearts: (VLM {unweighable) on separator plate to as diaseter. CVCH appearance as follows: _K_is not detectable
on collector plates: thin: heavy: celor: saooth: saoky:

splotchy: partially opaque: __ opaque: aatle: «  transparent: interference
fringes: _ foqqy: colored liquid: ___ distorts eye reflection: __ clear liquid: liquid runs in
ercess: Deposit covers 1 of collector discs:
Specisen appearance after test: \Q \]\5\\,3\2 Q\/\a/\/\%&,——
Test started MAR 8 1988 Test cospleted: MAR 9 1988 Period 2“] Krs.

4

Pressure Q\/} LN~y rasal Specisen Teap. \2)/ °C Collector Vesp. 2 ;f’[

WA C(!n_'li)/m’:’, I

VCHM REV 9 31 AUG 87 Analyst

A-2. Retest of Sample 4, 985B-626 (#17004).

ORIQINAL PAGE IS
OF POOR QUALITY



ORIGINAL PAGE IS
OF POOR QUALITY

MICRO VCM TEST REQUEST AND DATA SHEET
(Requestor please read, then furnish all inforeation above asterisks.)

Requested byg(_\([\ (_\M Phone Date 2“ S"‘ \5{
Material ldentification {product nase, nuaber, description, classitication, etc)
Cawnwnatlo epmyY / Q}mp\m\ e Woi- 76~ WT- .
Manolacturer of Material (Nase, City and Klate addreks) (A ’JO}

Material application {general usage, i.e. adhesive, coating, potting, etc.)

1. 0. Nusber_D\J-BAS -\)-03 -0V G Madsd Request Infra-Red Spectra? YES___§& WO

Indicate here all processing required by 6SFC Katerials personnel. Include the recipe, cure{s}, and special 1nstructions
to be perforaed.

1f aaterial is to be tested in the “as received” condition, without further processing required, indicale in full, past
history, recipe, curefs), post cure(s), nocencliture of coaponents, etc.

g(k\uvgka 5?\0 d@\av\,\\v\aba SUWAL U ch\{:(}wu\ &

‘ !
DU C\

lt&‘¥¥*t*t*ti*tttt{****t**t**t**t*t*t

CVvCrh test specimer prepara’t.ian and description SO d CLV\d CUvT wwan I,\m\[.\(\ \Y VC&U\[LNL&,\

*S\I\(n\q?(i puaces.

Bar position-CVCH Test Nuaber..........c...
Init sass, holder and specisen, ga.........
fass of holder, go...cueeevnocrnnnicnenennns :
Init specinen aass 8 SO WM, go......... o
Kass after SO IRH re-soatk, go.......... =
Final sass, holder L specieen, ga.......... :
Tatal eass loss, speciaen, ga.....coveneen s . OO0\
Per-cent THL, SPeCimEn...icvevervacaconnses « f1 = L2 0 1T 4
fiverage value THL — ?‘ DIV * —
Total eass, water vapor reqain, ga......... OOO‘D& : __%I_D%Q_;_
Per-cent water vapor reqain............. e Q.22 % . % .2 7
fiverage value WVR 8_SD TRH Q.2 %
Final mass, collector, ga..ccvecreareecnnss \7&)6)& 1™
Initial mass, collector, g..iuiin.iniien, 1.299 400
Collected mass - CVCH, go...evinceennninns 000 1>
Per-cent CVOM. .. .viiiiivreneannonncnrenes : A 0. Q‘ %
Average value CVCH 0.0\ %
Reaarks: CVCH (unweighable} on separator plate to ae diaseter. CVCM appearance as fallows: _ is notl deteclable
on collector plates: XTVONL thin: heavy: \ur color: seooth: sapky:

splotchy: _ partially dpaque: ___ opaque: safte: transparents interference
fringes: fogqy: colored liquid: __ distorts eye reflection: _ clear liquid: liquid runs in
eccess: Deposit cavers [P LO)] 1 of collector d““:bd/ &TQL I! u_
Specisen appearance after test: WO \}\5\\0\-0-/ ()/\O,N\JXQ__-—
Test started FEB g 1988 Test coapleted: FEB 10 1988 Period ?—‘v[ Hrs.

/ 1
Pressure (2\,1)( \D—) Pascal Specisen Teap. 23/'(3 Collector Teap. L§/'C
WA Cuuplell [r.

VCHM REV 9 31 AUG 87 Analyst 1 ’

A-3. Sample 10, HST-7B-112 (#16948).



ORIGINAL PAGE IS

MICRO VCM TEST REQUEST AND DATA GHEET OF POO
{Requestor please read, thea furnish all inforeation above asterisks.) R QUALITY

Requested by §C\Q&A Ve Phone Date

faterial ldentification (product nase, nusber, description, classification, elc)

t(k'w\\v\ ale e VXY /lava/()b\\l‘e HWST-7»- 012

P
Ranufacturer of Katerial (Naee, City and State Address) . { AcL -~

Katerial application (genera] usage, i.e. adhesive, coating, potting, etc.) LO.V\A\V\Q'U

1. 0. Nusber N3 - A3 1) O ~¢ ii’)(! Sy Request lafra-Red Spectra?  YES N~

ladicate here all processing recuired by 6SFC Katerials personnel. Include the recipe, curefs}, and special instructions
to be perforeed. . .
-~ >
i<evin o& AT (210 bbph(ﬂw
yin FGX/l 9
‘DCS\\_{C\'\S 21e 2¢

If aaterial is to be tested in the *as received” condition, without fucther processing required, indicate in full, past
history, recipe, turefs), post curels), nosenclature of coeponents, etc.

_
s saen SN RUSICE (T 4 awdowdt 30 dsys

£ X X ¥ ¥ % 3 & F X %X ¥ ¥ ¥ ¥ K ¥ ¥ ¥ %X %X ¥ %X X ¥ ¥ ¥ & % ¥ X X % X X
CVCE test specimen preparation and descr:pnonsm\ \,(((XOUW\;? S\I\OvKQé Pws G\am&

w {oceets
< 17006 e 17007

Bar position-CV(F Tes! Kueler.............. >

Init wass, holder and specisen, gu......... _L&i_%ﬁﬁ_ B 2044814
Hass of halder, .0%4 \7 . .03 A\(OQO

Init spe(ilev; uE:(BOZR}‘,qa ''''''' ! -2‘5@7(99 . ZAQQA

Rass after 50 MRM re-soat, ge.......... 2 elay . .

Final mass, holcer & sperises, gu.......... .2 x 2 ’>

Total eass loss, sperimen, qao..oiiiiun.... . 070)‘7 - .00 0—75C)
Per-cent TRL, specrmen... . ... ............ 0.22- % 2 2 0.20 k4
fverage valye TR e O ?ﬂ ~ 7

Total mass, water vapnr regain, ca......... - ' . &)

Per-cent waler vapnr reqain................ . kA 0.1 T
fverage value WP F 3(p IRN O \S 7

Final aass, collector, go.ovvinnnien onn... L \177/095
Initial mass, collector, ge....ooooooen. .. * M—
Collected mass - CVLF, ga.oiiiinnnnnennn L
Per-ceat CVCR. . . ol - Z 00 L3
fverage valye CV(E O O() s
Resarks: CVIR (ynwrighable] on separator plate {4 sa diaeeter. CVCE appearance as follows: _KWIS not detectatie
on colblector plates: 0 thger o hedwyr color: __ seooth: __  seoky:
splotchy: _pulully oaaqup ___opacye: ___ satte: - transparent: interference
fringes:  toggy: _A””__mloved liqui¢:  distorls eye reflection: clear fiquid: _ liquid runs 1n
excess: Deposit covers o 1 af ccllector discs:
Specinen appearance afier lest: o (VAR \\’)\Q (1\/\ M\&/L———‘—
Test starteg_ MAR B 1588 Tewt cospleted: MAR 9 1988 . Period_ 24 Hes
oo N s -
P'“W"4A(i,‘ } JLG Y pasa Specrsen Trap, 1 2% Collector Trep. 23 °C
. '
. WA Covrild0 fr
VCHM rv v Ty AG B/ Nialyst d

A-4.  Retest of Sumple 10, HST-7B-112 (#17000).
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