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PRODUCTION OF DzO fOR USE IN THE FISSION

OF URANTUM

Report by Harold C. Urey, Aristid V. Grosse,

end George Walden, June 23, 1941.

Introduction

Approximetely last Februcry 1, Dr. R. H. Fowler,
Rritish scientific liaison officcr in the United Stetes,
brought to our wttention certain oxperiments by Drs. Healben

end Kowerski, showing thet ¢ mixture of ordinary uranium

St

oxidce end D20 resulted in an incrcased production of neutrons
over the number produccd by & primary sourcce, thus indicating
that if the mees of urenium oxide &nd heavy water were

lergs cnough, urenium fission would beccome & chain reac -ion

and spontcneous. This indiceated the need for the productic-

of D20 in the amounts of the order of magnitude of tons.

Up to this time somc 180 kilos of heavy watcer heve been pro-~
duccd by the Norsk Hydro-Elektrisk Kvaelstofaktieselskab

in Norway, waich has served mostly as the source of this
metericl for the whole world. Sefore the invasion of
Norway this supply had becn trensported to Paris. At the
time of the invesion of Frence, Halban escape from Fronce

to Englcnd with this weater, and made experiments in Engleand.
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The ¢lectrolytic method for the production of
Do0O has been studied by Professor Otto Maass of Montreal,
end more recently by Prof. Hugh S. Tcylor of Princeton
University. The laerge elcectrolytic plant «t Treil, British
Columbia, might be mide to produce 70-100 kilogrems of DZO
et costs that cre difficult at present to estlmate. However,
tons of matericl would rcecquire years of produétion by this
mcthiod. Professor Toylor is giving furthor consideration to
the possibility of this devclopment as a means of gotting

immcdiate supplies of Dy0.

The distillction of weter might also be used for
the production of Ds0, but an e¢stimate mide by Professor
Dodge of Yele University some years ago, showed that this
could not bc done c¢ven on o very large scale, for less
then somcthing like 20¢ or 30¢ o gram, making thc cost
somewhere between $3200,000 and $300,000 & ton of heavy weter.
A recent survey of this made by Professor Dodge showed thet
the cost of plant would be very learge, ¢s well £s the cest
of opcretion.

The best method which we know for the concentre-
tion of DgO from neturel water where it exists to the cxtent
of one pcrt in 85750 perts of lignt weter, 1s by the chemical
exchange method which hes becn used successfully in the casc
of th¢ nitrogen, cearbon and sulfur igsotopes. The method

proposed consists in maoking use of the supplies of hydrogen
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which cre used for the mcnufacturc of ammonia in the United
Stetes, Ordinerily the method is to pass woeter into a
counter-currcent system (an c¢longeted vessel filled with a
suitcble crtalyst) and then use this weter for the production
of hydrogen by tac usucl coke-water process. The hydrogen
thus produced would be circulsted counter~currcently to the
weter in the roecction vessel filled with the c: taelyst, and
tfter this be used for tnc menuf:cturce of synthetiec :crmonic.
This procéss will result in incrcascd conecentretion of D O
in thc¢ hydrogen «nd weter involved in the menuf: cturcd
proccss, just ts has been found in similer recctions invol-
ving the othor isotopos (reprints covering this previous
work :r¢ attached). A plant producing 270 tons of cmmonic
pcr dey has cbout 2 1/2 tons of D0 in the weter used for
this production during one month oper:¢tion. The process
outlined ¢bove should makc possible the removel of two-
thirds of this matcerial &¢s ¢ meximum. The theory of this

process hes beon worked out by Cohen ond ¢ revrint of the

thecory is attechad.l

1

It must be modified slightly for usc on this
process, duc to thce feact that the heavy hydrogen is concen-
treted in the liquid phese, nemely, the weter rether than in
the geseous phesce, while the reverse was true in the proccss
considered by him. Illodificction is c¢esily made by changing
the signs of his quuntitics € eand L throughout the treatment.
We shell refur to this theory later.

This prospective mcthod for the production of DBO

in ¢mounts of the order of & ton per month, depends upon the
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development of suitable catalysts for establishing equili-
brium between the hydrogen gas and water with reswect to
the hesvy hydrogen exchange between the two in accordance
vwvith the following reaction:

H20+HD-HDO*H2.

Such cztalysts were studied some five or six years ago by
F. Farkes, L. PFParkas and l.. Polenyi, working in Englsnd, and

publishing their results largely in the Transactions of tne

Fereday Soclety. The catalysts found by them were platinum,

palledium, snd tane -scillus coli; these are substances which
are known to give satisfactory hydrogen electrodes. This
early work was not done in a way which gave us much indication
as to what could be done under the conditions needed for our
process. It indicated that in the cgse of platinum and
palledium, a reaction could be brought one-hialf of the way
to eoullikhrium in & matter of minutes, and that this half-
time did not change markedly with pressure. These figures
apply to tne platinum and palladium catalysts, with every
indication thet the platinum was the better of the two.
The speed of the reaction in tne cese of the beaecillus coli
wes very much slowecr. The scuiliorium constant of this
reection is reported to ce bLetween 3 and 3.7.

This brief review shows tanat the gencral metnod for
the scepearstion wes well understood s tne result of the

studies on other isotopcs, but that the problem wes to secure
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& cetalyst of the proper sctivity, in order to establish
the cquilibrium between nydrogen end water. The vork that
hes been donce in our leboratorics ncere vwss concerned vith
the developrment of sucn sulteble catelysts.

Before offective work could be begun on this it
wes nceessery to improve our methods for the anelysis of
isotopic nmixturcs. In this we had the help of Dr. se 0. C.
Nier of the University of liinncsota, who visited us «nd mede
¢ nev tube for our mess spoectrometer which we heve ussc
for the anelysis of deutcrium seamples. In eadcdition to thet
we heve used the interferometriec method which wes developed
some ten ycers cgo for this problem. After some difficulty
with these enalytical methods the work has gone forward
repidly. Considerable progress in the development of such

catelystis has been secured.
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BExperimental Mcthods

1. At Ltmospheric Pressure.

Tests at atmospheric pregsure and below are mede
by placing the catalyst in a verticeal tube through which are
circulated simultencously water, and hydrogen conteining
2-3% deutcerium. The gas circulation can be either con-
current or countcercurrcent with the weater circulastion. Both
ges end water circulations arc accomplished by mcans of
rubber tube pumps. Included in the gos circuit is & menifold
connecting through stopcocks and interchangcable glass joints
with = set of scmple tubos.

The mcthod of operction is £s follows: The
catelyst is pleced in thne tubc clong with a sufficicent amount
of waeter for the run. The system including the sample tubes
is then evecucted. The stopcocks communicating with the
sample tubes arc then closcd, the circulating pumps sterted
and the dceuterium containing hydrogen admitted to the rest
of thc systom. The apperatus is so aerranged thet thesc men-
ipulations can be accomplished swiftly so thet the zoro
time of the run is sharply esteblishcecd. Semples of ges ere
withdrswn at measurcd time intcervals by opening successively
the cocks to the cvecucted scmplce tubes., Thoesc wore then
removed to the mess spcctromecter for enalysis.

Duc to the lerge number of analyscs nceccessary we
heve found it convenient to ercct enother testing apparatus

similar to the on¢ described but with an clectroscope
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included in the gos circuit. The ges uscd here contains
radioactive H® os well as deutorium end the cxchange of the
former can be followed by meens of the clectroscope. The
roete of cexchange of HO was comparced on somc runs with that
of HZ.

2. At Supvr-~Ltmosphuric Prcssurcs

The apperatus usced for the pressurce runs consists
¢cf & prcssurce chamber of cither copper or stecl to contein
the cctalyst. This 1s conncected through ¢ velve with =
cylinder of clectrolytic hydrogen, #nd through enother velve
with ¢ semple recciver and vecuum pump. The sample received
consists of &« glcss bulb of such cepeaclty thoat when the
ges in the catalyst chambor is cxpanded inte it the proessure
is sbout 1 atmosphcecrc. Connected to the bulb by a stopcock
and interchangeable joint is a sample bulb.

The experimental procedure is as follows: The
catalyst is placed in tne chamber and wet with heavy water
containing ebout 10% deuterium. This water is somewhat
diluted by tne water contained in the catalyst. The amount
of added weater is so regulated that the catalyst is thorough-
ly wet but not flooded. The chamber is then connected with
the rest of the apparatus, evacuated, the exit valve 1is
closed, and ges is then admitted from the hydrogen cylinder
through & dicphragm valve which fixes the pressure to a

predetermined value measured by a pressure gauge. This
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arrangement allows the chamber to fill veryv rapidly so

thet the zero time 1is sharply defined. The entrance vslve
is closed after about 30 seconds, end after & suitable time
intervel the entire gas change is blown off into the evac-
uated bulb, thus sllowing complete mixing of the ges in the
pockets around the valve seuts, and a sample for analysis
is then drawn off into the evacuated sample bulb. The
chamber is then cvacuated, refilled, and after another time
intervel emptied and sempled again. In thils way data for

& kinctic run is obtained by repcated runs for different
times. Kinctic considerations show that the rate of wpproach
to equilibrium is independent of the dircection from which
the equilibrium is approached, so that the ratcs here arc
directly comparable with those obtained in the atmosphoric

pressurc runs.

Catslytic Lifc.

The chenge of catalyst activity with time is a
considcretion of primary importance. This hes becen followed
at atmospheric pressurce by sctting up duplicate apparatus
co thet tubes containing catalyst samples can be kept in
continuous contact with hydrogen, &nd thc¢ kinotic runs re-
pected without bringing the catelyst in contact with the
giry, In thc prcecssurc epperatus the connectors withh tnc
ce.telyst chember are mede with flenged unions, so that at the
end of the run the pressurc chember caen be filled to pressure

and stored in & thermostat. The chambers caen at any time
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be reconnceted end kinctic runs repeasted withiout admnitting
air.

Kinetics. It has becn found experimentally thaet the rete of

cxchange obeys the following cguation:

In Doe "0 vy

Nayo Ny
wherce t is the timg, ¢nd n,, n, and ne- arc the mole fractions
of deuterium in the ges phasc at zero time, et time £, and
infinite timc, rcspectively.

The reeactlon being studied is

H,04HD 4.k HDC+H,

2 B

Tk
and the vcelocity constents are as teken as indicated by the
errows. Cohen's cquetions (Sce J. Chem. Phys. 8, 589 (1940)
epply to the stetic case considercd here if/f end L are sct

equal to zero and the equations integrated. This gives

n e -,y

In this equetion k is the kinctic constuant, o end C arc the
concentrations of hydrogen and watcr in moles per cc of the
purc substances, h and H arc thce molecs of hydrogen and water
per cc. of the working systoem, and & is the fractionation

fector (»+ 3)., Thus thec obscrved constent K is in terms of

these symbols - keC(h+Her) |,
hH
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The theory ¢lso shows that
in ¥ "N L - keC(n*H )y
~ hH
o
where Ny, N, and N ere the mole frections of doutcrium at

the beginning of the rcaction, ot time t ond at infinite
time, respcectively. ¢ end h are both proportional to the
hvdrogen pressurce whilc C and H are not dcpendent on

pressure., I1f H h &s in our cxpceriment, K, rcduccs to

- kcC
h

The he 1f time of the rcaction is the time required
for n -n  to become equel to 1/2 end thus if t 1/2
n -ng,
recprosents this helf time,
keC = h 1n2.

t /e
Thus the stetic cxperiments sccure this quantity, kcC,
necded for the discussion of tance flowing system to be

congidercd letoer.
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Cetalrsts for Exchange Reactions

The excheange rcaction betwsen heavy hydrogen
end water tckes place extremely slowly, and thercefore hes
to be specded up by cataelysts in order to be of practicel
. velus. In order to accomplish this it is necessery to find
- substsnces that will actiwvate both water and hydrogen and et
the same time will not interferc with one another. While
the cctivation of weter can be accomplished comparatively
simple by the use of such substances as dluminum hydroxide,
silicic acid, and other hydrates, the activetion of the
hydrogen molecule is much more difficult. The same probiem
of aetivating hydrogen is encountered in hydrogenation
cetalysts end in cetalysts for the hydrogen clectrode.

Prom &1l the elemcnts of the periodic system the noble metels,

i.e., Pt, O0s, Ir, Hu, Bd end Pd, arc thereforc the most
likely to succced as catelysts for this rcaction. In our
work most of the cfforts were devoted to developing pletinum

end palledium containing catalysts, sincc these two metals

cre the cheepcst of the lot. Catelysts containing othoer

metecls, such ¢s iron, nicksl cnd cobalt, conner and silver,

caromium, zinc, «nd cluminum, were tricd, but found to heove

pricticslly no activity. The possibility of finding othoer
metels or otincr catalysts with the above mentioned metals,
(¢xcepting of course, the noble metels), is not likely, but
by no meens sxcluded. A certain amount of cffort will be

devoted to finding cetealysts frec from noblc metels.,
919 912
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It wes found that catalysts containing pelleadium
and plctinum could be prepared with o noble metal content of
from cbout 0.5% to 0.05% wanlch showed high cctalytic
cetivity.

Their cactalytic performence depends on the very
lergs number of chemicel cnd physical fectors, the chenicel
fectors being first the support used for thoe noble mctel,
the method of prepcration of the cectolyst ind the intoentional
or unintentionel impuritics prescnt in the ges or water.

The poerformence furtacrmorce depends upon such physicel fac-
tors cs the totel pressure of the systom, the temperature
of the rciction and the cge or length of performunce of tae
cetelystes In view of the short time cavellcble these frctors
could not :¢11 be cvelucted with the desircd thoroughness
end the results so far cvailleble cover the ground only in
& prclimincry foshion. Beforce discussing the behevior of
individual catalysts it might be worth while to give somne
experimentel data illustrating these different effects.
1. Law of rste exchange.

fs has been mentioned in the theoretical part,
the rste of this reaction follows a monomolecular kinetic
law. Experimental results proving this for our particular
cese are given in Figures 1 and 2, which demonstrate nicely
the straight-line relationship between tirme and the logar-
ithm of the difference between the equilibrium concentration

and the sctual concentration at any particular moment, both

319 01&




13

at atmospheric snd super atmospherie pressure,
2. Effect of pressurc.

hcecording to theory the rate constant, X, should
be independent of pressurc. The experimental date support-
this requircment of theory, elthough not in a perfectly
sstisfactory menner. (This may be partly due to the fact
thet the activity of the catalyst is not constant, but
changes witn time. Sec pvaragraph 4.) The catalysts have
becn tricd at pressures from 1 to 75 atmospﬁoros. 1t was
found thet although the concentration of hydrogen is 50
times greeter et 50 atmospheres, the rate constant K or the
helf 1ife the reaction, which is proportional to it, is
approximatcly the ssme as at 1 atmospherc pressure.

Experimental results on the diffcerent catalysts

at 50 atmosphcres pressure and 25°C arec given in Table 1.

Table 1.

No. of cactalyst Initidl
(Fer d¢scription Stendard
of cetslysts scc helf-time
Teble 2. ) in minutes

1 8

6, II 16

1 12

14, II 11.5

919 015
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3. Effcet of temperaturc.

Prectically a1l of our cxperiments were run at
25°C. Somc, however, were run &t lower snd higher torper-—
tetures. At lower temmcraturcs, such as 09C, it was found
thet the retc of decterioretion of thce cetaldyst with time,
i.e., the ¢ging waes very much slower but et the ssme time
the ectivity of the catelysts or the rete of the cxchange
rcaction is slowed down by & very substantiecl fector. The
recverse is truc et higher temperctures, i.c., the rete of

tl

[

¢ rcection is incrceesed but the deterioration is very

repid.

™

4, Effcect of time or sging.

Most catalysts show tvo time offcects. Undor "time
effoect"™ wo understand the change in the performence of the
catelyst €38 it sges under the cxperimental conditions.

Most ceatalysts show initidlly a very high activity which
discppears mor. or lessg repildly, usuelly frowm o few minutes
to ¢bout en hour. sfter this repid initicl docrceese the
furthcer decreesc is only very slow. This slow ratc of
deercesc of catelyst activity or the sccond time effccet .
is illustroted in Flgures 3 cnd 4 for two represcntative
cctalysts «t 1 end 80 utmosphercs pressur. rsespoectively.

This slow £ging 1is onc thet hes greet precticel sipgnificance

tend & lot of (ffort is being dcvoted to decrcose it.
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£+ hevivificetion of the catelyst,

In meny cascs the cetivity of our catalysts can
be brought to substentially its originel level by passing
¢ir or oxygen over it or other oxidizing substenecces. However,
this rovivificetion is only short lived.e At prescnt only
a small number of oxperim;nts were devoted to studying the
cffect :*f oxygen, although it is recognizced that it may
heve en important bearing on the performence of the ceatelyst
if it could be mcde continuous.

6. Othcer choemic:l cffoctse.

It wes found that small concentretions of rcids
or olkelies in the wetoer decreascd the catelytic activity of
the catalyst, although only to o comparatively small degrec.
High conccntrations of acids, for instence of hrdrochloric
gcid, mey completely ruin the cctivity of the catelyst ¢s
is illustrated in Figurc 5.

In some instances it was found that thc cetalyst
cctivity is affected to & high degrec by the material of
the walls of the cxperimentel tubce For instance, steel
in some high prcessurc cxporiments, was found to decrcase

the ecctivity of the catalyst.

Discussion of Vearious Catalvsts

Twenty=-four catalysts contalning small amounts of
pelledium end pletinum on a number of varying supports,

such &s ¢lunina, silica, megnesie, alumine-silica mixturecs,
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were tried. Various methods of deposition of the noble
wetels and precipitation or impregnation, were tried. They
are described briefly in Table 2, under "Method of Prepar-
ation.™ 1In tone last column of this table a figure is given
describing the activity of the catalyst. The activity is
expressed £s5 the time required for the reactants present in
the ceatalyst volume to rsach half of the cquilibrium value
end will be referred to as the stendard half-time. A1l half-
times given in this table were determined at 1 atri. pressure
and at 25°C, using radio-hydrogen as a tracer.

It is not possible at this tiie to make any
general conclusions ss to the best methods of preparation,
but the e¢xpsrimental cvidence shows that by dispersing
platinum or palladium rectal very finely on a water zsctivat-
ing bese meteriel, it is possible to preparc cetalysts with
the desircd quelities. Taking e€ll feaectors into consideretion,
including of course high pressurc rcsults, catelysts No. 1,
6, 11, 14 end perhaps 23, appcear at present to be 1wost prom-
ising. Efforts will bc mede to kecp the performance of the
catelyst cs stcady es possible. 1In order to do so intell-
igently, howcver, additlonel deta on the porformance of the
presently avellable cetelyst over longer periods of time

will be nccessary.
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Table 2
Initial
Standard
Helf-time,
in Minutes
Num- for HY at
ber Composition Mcthod of Preparation 25°C and 1
etm. H2
1.T & II 0.1% Pt on £10.0H Impregnation with HthCl6
reduction with H,CO8N« 5-8
2 0.5% Pt on £A10.0H Imprcgnation with H PtCl6,
reduction with H2 gés at
175- 250°C. 40
3 0.3 Pd on AlO0.0H Impregnation with Pd(NOz)z;
reduction with Hp-gas ¢¥
25°C 90
4 0.3% Pd on 410.0H Impregnction with PA(NOz)os
reduction with H,CO00Na 10
5a 0.2% Pt + 0.1% Pd Imp. with H PtCl§+Pd(N05)2;
on A10.OH reduced with H.CCONa 10
6,1 & IL 0.1-0.4% Pt on Imp. with HZPtClG; reduced
SlOg—gel with H.COQN& S5=7
7 0.4% Pt + Sn on Impreg. with HoPtCly; re-
S51i0o-gel. duced with SnCl, 0.35-6.5
8 0.4% Pd + Sn on Impreg. with PA(NO,)g; Te-
S10p~gel duced with SnCl, 3-30
9 Pure 510,5-gel Commerciesl product abse.inac-
tive
.10 Trece of Pt on Impreg.with HoPtCl, and re-
megnesite duction with .COOﬁa; Pt very
does not stick to MgCOz slov
11 0.4% Pt on Un- Impreg. with HoPtClg end re-
celcined .el(ON)5 duced with H.COONa 3-8.5
$10,-gel
12 5«4% Pt on cal- Impreg. with H,PtClg end re-  7-20
cined f1505-519y duced with H.CHON=
13 1% hAg. on Si0o- Precipitated /gCl on gel &
gel reduced inactive
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Tecle 2 (continued!
Initisl
Standard
Helf-time,
in Minutes
for HS at
Num- atm.H
ber Composition lethod of Preperection <
14,1 % IT 0.2% on 510,-gel Impreg. with colloidal
Pt solution 6-8
15 3% Pt on A(OHgz)= Pt reduced by NaCOOH 45" at
from Cat. I, II, &nd 50 atri.
precip. A1{OHg)
16 Pure H, Pt(0H), Prepared from Ba,PtCl, Very slow
on £10,0H end deposited sn A1lO.OH
and reduced by H2 at 50
atm.
17 0.1% Pt on Al(OH)3 Colloidal Pt, coprecip- To be
itsted on jll(OH)3 tested
18 0.7% Pt on +1(0H), " " To be
tested
19 ILoew's Pt on Al(OH)5 Loew's Pt does not stick
to Al(OH)3£ Discarded
20 1.59 Pt on Al(OH)5 Coprecipitated Pt and To be
A1(0H), with NHg.NHo tested
and NH5
21 13% I't and Al(OH)5 it R Slow
22 0.2% Tt +A1(OH)5 on Coprecipitated 41 (0H)+
S o t
L10.0H 0t with N_HZ-NHz and NH5 18
deposited on A10.04
23 0.2% vt on Alo.OH Impregnated A10.0H with j1g,.5¢
HoPtCly and reduced with
NHy.NH,, HC1
24 0.1% .t on :rfumice Commerciel catalyst 50!
8
18 o290




rrice of Catalysts

The price of cectalysts is mainly determined by
the concentration of the noble metel. The price of palladium
(sponge) «t the present time equels about %0.85 per gram,
and platinum ,1.15 per gran. The price of the bese metcrial
equals about 25¢ per pound of slumine, $1.50 per pound of
silica=-gel and sbout 2¢ per pound for magnesia. From these®
figures the materiel price of most of these cetalysts cen be
reedilly calculatcd. For instance, the price of catulyrsts
Nos. 1 &and 14, II, would cqual, respectively, ,0.77 and
$2.54 per pound. The cost of cotalyst preperation cannot be
accurately estinated et this time, but, bascd on past expcr-
iencu, it should be of tne order of 25¢ per pound of catalyst.
Teking this into consideration end keeping in mind the fact
that the apparcnt densities of thesc two catalysts are 0,75
end 0,660, the pricc per cubic foot of catalyst should be

%48 and 115, respectively.

Conclusion

Cetalysts costing from 450 to $150 per cubic foot
are now gveileble, which will catalyze the cxchenge rcaction
betivveun weter and hydrogen with s stendard half-time of
the order of 10 minutcs. Theoe catalysts are comperatively
cesy to prepare on an industriel scele. Their performence

does deercess during poriods of tune order of wecks or months,

and cfforts will be made to remedy this.

319 o,
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On the whole, the rosults obteined so far look
promising, fnd therce is cvery roason to cxpect that sub-
stenticl inprovements both in initiel ecctivity of the cet-
telysts ¢nd in the stceediness of their purformence with
time will be obteined if o« sustained effort will be mede
towerd this objectivo.

At the timc our work begen on this Dr. Devid
Littenborg of the College of Ihysicians snd Surgcons, was
working on the catelysis of this rcaction by the usc of
beeillus coli. We helped him some with this work but to

Jdets it hes been found thet the culturcs cre difficult to

]

prepere end their cetelytic cetivity low and not relicble,
Helf times of the order of 90 minutces have bien scecurcd ot
times., Further work is being done in attempts to develop

better culturces for this purposc.

Plen for 1ilot DPlant

Th: success thus far with caetolytic metericls,
tnough we heve not securcd ¢s cctive end ¢s desirable
cete lysts s we finelly wish for this work, reverthcless
hes been sufricicntly successful to lead us to consider the
possibility of pilot plents which could be built end
opere ted percllel to continuing dovelopment of catelytic
metericls. In order to cccomnlish this we have sceured
the ¢dvice of Mr, Yhomes C. Chilton of E. I. du sont de

Nemours 8 Co., ¢nd heve hed the cooperwtion of Mr. Russecll,

919 Pon
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Vice-President of the Stendard 0il Co., of New York, and Dr.
Murphrec end Dre. Swecency of the Standerd 011 Development Co.
Two of us (G. W. end H.C.U.) have visited the development
leboretorics of Loulsicnec ot Baton Rouge, to sce whether
suiteble plant fecilities could be sccurced for this pilot
plent developments Though the finel plens hove not been mede,
it would c¢ppecr thet such & pilot plent is feasible end cen
be put into opuration within & month of the time thet the
contreect is let. PFurther details in roegerd to this develon-
ment will be reported in ¢ short time,

Using the thcory of Cohen, cclculations hecve becn
med: on the probsble size of o lerge plent roecesscary for
this procoss. Duc to thoe succegs of the higa pressurc cxper-
iments, it cpperrs thret 200 ¢ tmosphores can ne used with
t¢dvantage for this work.. The cctalysts with which we arc
working will cost in the ncighborhood of (50-3150 per cubic
foot, ¢nd for this rcason as well as the cost of pressure
epperetus 1t 1s highly desirablc to kecep the cubicel contonts
of the plent down ¢s much ¢s possiblcece. Since hydrogen geos
mixcd with nitrogen ges in o rotio of 3 to 1 is supplicd
£t totel prcssures up to 750 ctmosphercs in the cmmoni:
synthesis plants, it is possiblc to usc up to pressures of
this order of mcgnitudc without the nccessity of cdditioncl
compréssion in ordcr to sccurs the cxtrection of heavy hy-
drogen from this hydrogoen. So foer our calculctions have

09
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been macde on the cssumption thet 200 atmosphercs pertiel
pressurc of hydrogen would bce used. Since cxperiments at
this writing hrve only becn maede up to 50 ctmosphoercs,
further extropoletions of the results would hordly be Jus-
tificd. In me¢king these caleulations we heve assumed ¢
cetalyst with cn cetivity such that the helf time will be
ten minutes wnd that the cquilibrium constant for the ox-
chenge reection is 3. L redetecrmine tion of this cquilibrium
constent will be mcde shortly, but up to the prescnt time
the dovelopment of cetive catilysts scemed to be the more
importent. Woe heve cssumed thet whet is desired is ¢ ton of
DZO per month in order thet o metter of tons cen be produced
in not too long ¢ timec, «nd we havs g¢ssumcd «n these cal-
culetions thet the rete of production of the plent is 270
tons per dev of cmmonis, since this wes given to us ¢s the
cepecity of the Morgentown plant of the du ront Compeny,
which 1is boing built for the production of svnthetic cmmonis
for the govsrnment, this being o reccsoncble sized plent to
postuletoe.

Cohen's thoory when modificd for this proccss by
chenging the signs of tune symbols‘g’end L in his formulaec.
This rcsults En ¢ nogative flow, 2, and if this is to be
considored positive, his symbol# must be usced with changed
sign. Then

Ny = 1- @
Ny, e-fz-@‘ g 919 (024
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Where NO is the molc frection of deuterium ot the bottom of

tho countcercurrent catalytic chamber, NZ the mole frection

in naturel weter 1 s c‘_is the frocgionation feetor
5750 :

tekon ¢ 3, end Z the lengtn of the apprratus. fEYEJui ?(.

crec defined by the equetions

O "
%Ay -keC (1- oK) (-4,

L
where L is the flow downward through the column per unit
cross saction, I the tmount of procduct witlhicrewn from the
fpperetus per unit cross scetion tnd keC is o constent which
must be Cetermined from the stitic cxperiments of the pre-
cooding scetion. If the helf time is 10 minutes and the
v:luc of xeC is &t 1 atm. prcessurc and is proportioncl to
the prcssurc aos neorly cs cen be decicded by our presont

cxperimonts. Equetion (A ) cen be solved for keCZ

T
I W
kcCZ = 1 _ O 7
T T RE) L A¥a e
O
Ny

If numeretor wnd denominctor of tho left hand member are
multiplicd b,y the cross scetionel arce, 7/, Zs is tho volume

of the cpperatus end LA is the total fced to thc apparatus.

919 o5
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. The following tablc gives the caleculated velucs of kEgZ for
verious velues of N, «nd of the total production of Dgo
(PN ). The numbers in parcntheses arc the valucs of these

numbers divided by the production.

No. Tons
. Dzo nur
- month 1 1.25 1.375 1.5
N'
.001 1.132 1.271 1.370 1.52
(1.132) (1.02) (1.00) (1.01)
.002 1.56 1.75 1.88 2.08
(1.86)  (1.40) (1.36) (1.39)
« 003 1.70 2.00 2.11 £.39
(1.70) (1.60) (1.54) (1.59)
\/‘/
Tsking the velus 1.56 for 1 ton per month and No cquel to

S

.002 ¢nd the value of keC as 14x10 ° for 200 actms. ond ¢ helf

time of 10 min. in moles por cc. end per min. and the total
flow, L&, cquivalent to 270 tons of ammonic per dey 1s 5850
cu. foot of cctelyst spoce. Thus the totil cost of cetalyst
will run to cbout $600,000. At present cstimatces of cost of
the cpperctus and cost of modificetion of ¢n cmmonir plant

- heve not becn mede.

Futurc Doevelopment.

It is obvious thaet cvery effort should be bent
towerd improving thce crtelysts evelleble for the size of the

cpperstus necedoed decreases as the catalytls activity increases.

919 02¢
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We believe this 1is not an unlikely development for more active
catalysts have been secured from time to time but their lives
have not been sufficiently long to make them satisfezctory.
Further work is proceeding in this direction.

Experiments et higher pressures, 200 to 750 stmos-
pheres, &are now 1n progress. Gases actually used for ammonie
synthesis should be used in our cxperiments instead of pure
hydrogen gas. Samples of mixtures of nitrogen anc hydrogen
are being supplied to us by the du Iont Company.

Work on a pilot plant should be started immedi-
ately in order to test the calculations outlined above,
Ilans for this will be presented shortly.

A chemical engineer should study the present
ammonia plant designs with the object of their modificetion

to permit thielr use in connection with the process dilscussed
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