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The design of a plant for the distillation of
1iquid hydrogen for the recovery of deuterium hag reached
the initisl coet estimetion stages, To produce eprroxinmately
five tone of ninety mol percent HDC ae final product from a
nitrogen-hydrogen mixture will eonsume about 16000 H,P, Pre-
liminary layouts indieate a plant covering an area of 40,000
square feet, '

The dietillation eolumn will recuire sbous 200
houre of gterdy oneration t0 resch maximum oconoentration,
In case of a ghut-down, 1t is estimeted that 300 gallons of
90 mol percent HD and 1190 gallons of 21 mol percent HD oan
be burned to HDNO, The water reculting from the latter bateh
wili be ehirped for concentration by eleotrolytic means,

Procent plang call for the adaptation of etandard
carrier refrigerstion equipment, producing 200 tone refrige-
ration at the 1000K level in auxilisry cycles. However, a
large percertuage of refrigeration ie obtained by exnansion
of the hydrogen gaes and proper hest exchange, e main liqui-
feotion of hydrogen is produced by Joule Thomson exnansion,

At present, the designers see no difficulties in
the use of rock cork insulation, thus replacing the oumber-
gome vaguum Jacketsz originally proposed,

Bufficient detall of depign will he svailable in about
three weeke %o sermit ennglderation of deeign and purchase of
high priority equlpment,

A progyan of investigation and & oontract question-
neire are recommended for use of the liquid alr equipment at
Ohio Ltate University,

Report

Objeot: The design of a full rorle comuercial plant
to orooesg epsroximately 8080 lbe,/hour of hydrogen gre snd
proiuce about one ton a month of 90 to 1004 HP py fractional dis-
tillation of lizuid hydrogen; & deeign sufficliently adequate

aQu AFFESTING THE NATIONAL
EANING IR CNAGE ALY

(oot s - T § AT o
DEF-EE, OF THE U. §. WITHIN THE &
5pu. s, €., 31 AND 32. ISR




to pormit negotiations for a contract with the du Pont Company
for the construction and oneration ¢f the plant rRg £00n &g DOBe
gible,

The basis of the oaloulstions ie the trestment of
sufficient gae of cone pert nitrogen and three varts hydrogen
to nrovide 8080 1bs,/hour of hydrogen for dletillation, “Age
suslly, ebout one and one half pounde of hydrogen will be lig-
uified per pound dietilied in order to provide the refrigera-
tion recuired, On thie initirl baeir a flow gheet and oost
ectimnnte will be presented to permit regotiatione for murchase
and congtruction, Bimultaneously, refinementr and chengee
of & congtructional deeign type will be aade,

This initial besie ma{ be changed, Que to the poesiw
biiity of using "purified” gas (800,000 ou.ft./hr. of 94% Hy
and 6% Mg sveilable, The du Fent Company hae recently been
requested to estinate the relative tines to reach plant oper-
stion on (1) 1,000,000 eu.ft./hr.&(2) 800,000 cu.rt./hr, of

1 No/3 H, and (3) 500,000 ou,f$./hr. of purified gae, At pres-
ent, thefe ig a dlfference of opinion as to the advisabllity of
uging rurified gag, coupered to the 1 Ro/3 Ho mixture.

For the nurposee of this report, the work wili be
covered in three phases:(I)The design of the diatillation oy~
ole including final Joule-Thomson expaneion; (IX)The design of
the refrigeration and nirificstion oycle dewn %o final expane
eion, and (III)Research problems,

I HISTIILATION CYCLE

Personnel of the é&u Pont CGompany and of the Colum-
bia group are now agreed on the section of the plant, both

ae to the philogophy and the basic design and enginesying oone
cepte, The design figuresg on this part of the have been
checked and reohecked,

i, Flow Sheet

The gee 1s deliversd fron purification at 30 atmog-
sheres pressure and 379K at the rate of 84,2 1bs./min, of ea-
gentiszlly pue hydrogen, A trace of nitrogen romains in the
gas which will ancunt to about 0,28/1bs./day introduced into
the liquid hydrogen oyele. It ig felt thet the eystem ean
handle this amount of golide with no diffioculty. Thals gee
is expended by the Joule-Thoumson to 2 atmos heres snd 23CK,
giving sbout 40¥ liquid., It ie condensed to 21l 1liquid et
2 stmognheres end 23° K in & 4000 gq.f%. heat erchanger, using
for cooling the higet of evenporstion in & rortion of the Liolle
ing liquid at ths base of the distilletion column, The inoone
ing hydrogen ie then exnanded from 2 atmospheres rnnd 23° K



to 1 atmosphere and 20,49, giving 05% 1iquid and iz fed into
& 80 (actual) plate rmuﬁmum oolumn, 8 £%. in diamater
angivooiti %n overall height, operating at an externesl rdfux
rmatio «5.

To provide this reflux, 134,85 1bs./min, of gaec from
the ton of the oolumn 1e oompresced to 2 atmoepheres and 280 K
ueing 114 H,¥. (theorstiocal) and sondeneed in & 8000 eq.rt.
hest exchanger cooled by the evaporation of another nortion

of the bolling liquid at the bese of the column, It is then
expended to 1 atmosphere and 20.4°K, giving 128.€ 1be,./min, of
1iquid reflux and 7.8 1lbs./min. of ges,

Thae two heat exchangers, therefors, serve to yrovide
the "boil-up" in the oolumn and, together vi%h an estinated
hent leak of 27,800 P.e.u./hr., furnich an eveporation rete

of 223,565 1lbs,/min,, almost exsotly the amouns re;ulrsd ?{ the
dlstilliation 1%3315. The heat exchanger on the feed will be
duplionted to provide means of warming ur and renoving eny
posrible pluge of s0lild nitrogen.

Rock cork (gas semled) ig planned for insulation PuN-
poses snf it i felt this will be adequate, thue eliminating
the vaowur jackets originally oonsideredl.

The effect of the rare gaseg on theze ezlculstions
ie now being considered, little ahange ir snticipsted,

The effect of other-pars conversion with itz stten-
dant heat effeat gtill remeing to be checked,

Agtention 1s called to the fzot that expansion turbines
have been drorped in favor of g Joule-Thomson expansion vealve,
sonstituting a change fros previoug plans and correlating the
ggalgnar'e opinione with thoee of the University oryogenic peo=
ple,

2, Bistilla

For 1,000,000 ou.ft,/hr, of hydrogen gas (090 and
760 mm.Hg.), ceversl caloulations of the number of plates and
reflux ratic for wvariocus percent recovery and concentration of
HP at the heavy end have been made., Taeble I nresents the it
portant resulte for 90 mol £ HD in the heavy product, Further
detnalils noneer in Appendlix I,

Pty B
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TABLE I

Pigt tion of
(90% n heavy product)

¥ole HD/month

p 1ex Ratla Plates in the heavy
% Reoovery Reflex (theeretiosl) vroduct

80 1.2 40 blé

70 0,75 0 397

80 0.20 27.6 28%

42.6 (o enriching 24 220
seotion)

Since the colmmn eosts will ammunt to only B or less
of ths nplant, the use of a shorer golumn or of no enriching
gsction at a saorifice of recovery and gongsenstretion ig not
warranted, At pregent deelgn osloulations are bssed on e 60
(sctual) piate solum, 8 feet in diameter, 70 fest high =nd
extemmsl reflux retioc of 1,6 to give 90 recovery of the deu-
;grxt? % about 1800 1be,/month ef heavy product containing

mo .

3. Attainment of Ghemigal Bquilibrium

The working hold-up for the ¢olumn proper on the
bagls of 8' diamater, 3/4" liquid level on plates and allowing
15% of plate volwmm for budble oaps, amounts to 2,87 cu.ft.
(20 galioms) of liquid »nsr plate, ocorresponding to 8.1 lb.mols
&t an average moleculer weight a} Ws and a specifie grove
1%y of 0.,0978, This amount of mat has to be brought up teo
the working ooncentretion of HD plate by nlate in order for
the column to deliver the desired produst, In addition, there
i6 a recirculating hold-up beyond the working hold.up of the
colusn, which will bBe at 90 mol £ HD,

The working hold-up in the oolumn of 80 actunl »Hlates
will amount to 1190 gnllone contsining 76.5 mols of HY sand will
require approxinntely 110 hours to resch equilibrium. At pres-
ent, about 300 gallone of 90 .mol £ HD ere in the recirowlating
gyetenm at the hesvy end of the colwmn. Thie will reguire san
additional 100 hours to resch ite congentration, Consecuently,
within 107 tne tntal cetirsted time to resch equilibrius will
be 200 houre,

For furtiicr detrile gee Anrendiz II,



The guestion arises! Supnosing equilibrium has been
roesched and it beconers necessary to ghut dewn the oolumn, should
the contents of the atill be ocomprersed Ainto s gansometer to be
Ted baok at the resumption of operatiocn, or ghould the oontente
be burned to HDO for echoentration in eieotrolytic cella?

Thie question can be anewsrsd purely on cosl mnd
tine barces. The gasoneter nnd compreseors will cost sbout
£150,000 ar oouprred %0 nominal cocts for burners. The time
Tor estnblishing equilibrium ig relstively short., The rverage
gommosition of %he 1190 gerliong of worldng hold-up is about
21 (mol) &, and of the 300 gelione of rseireulsting hold-up 90X,

At the present time, it ie expected that the liguid
vill be blown to recelvere snd burned to 80% HDCG to be combined
with the normal product and the coluun hold-up will be burned
#nd storsd ceparrtely to give 21¥ HDO for eleotrolytis concen-
tration elsewhere,

Il REFRIGERATION ARD PUBIFICATION

Agreement between the two proups g been reached
on the general philesophy and roed details of design for
this portion of the plant, The sctuzl flow sheet hwne not
quite resched the stage of design thet existe for the distil.
isntion cysle., A temintive flow sihecet only is nresented at thie
tine,

Inoomingngae at 273K and 50 stmoepheres fg oonoled
by heat exchange an additional 62 tons of refrigeration
{413,000 P,c,u,/hr,) ta 200° X; further heat exchange and
ancther additionsl 40 tone of refrigeration (267,000 F,c.u./be,)
te 700 K, where liquid nitrogen will fall ocut; and further
oooling in another heat exchanger to about 83“ X, This trein
ie foliowed by & heat exchenger widall ie duplicated where it
i¢ expeoted the eolld nitrogen will freeze out, as the Semp~
erature resches » velue of 49° K, The free volume on the
iniet side of thie exphanger ie snaced to hold the maxismunm
amount of froren nitrogen (appearing at & rete of 6 lbe./min,)
before plugping, whloh saouid ocemr in elght hours., At thie
time, the slternate hest exohanger 1l cut into the system
while the first one ir vzrmed up. In the process at thie
noint, an expsneion engine of »roven parformence at 55° X

#11l rednoe the tempersture to I7C K, 84,2 1be./nin., of the
effluent fron which will go to the Joule~-Thomson exnanelon,
and 10 lbe./min., to recirculntion ir order to provide suffi-
oient rafrigerstion on the nreviously mentioned heat exchenger.



Thie oyele should be sufficient for the job, lowever,
due to weyming up periods for removing solid nitrogen and as
an insurence of sufficient refrigerstion to deilver gag to
Joule-Thomson expansion always st o fixed temcernture of 37° K,
a themmal "flywheel" 1z floated on the line., Thig conelgte of
two heat exchangers of about 1280 eq, ft, surface esch with
$016 recycle refpiperstion follioved by a thiree etage conprcesor
(880 I, F,) with intercooslers operating on 900 K te 1380 K temp—
erature and 2 to 30 st.ognhicre nrersude Yanges, The coollng
for the interatape ocoolers of thies comnressor will be furnished
by a Qarrier refeigersting oyole epcrating on refrigerant F-l3,
requiring about 170 tons refrigeretion (1,132,000 F.e.u./hv.)

Thig"flywheel® will etabllize the system, handle any
small additional load, and gexwe to start up the syetem, I
will probably be the key to the guccessful onerntion of the

For the delivery of the hydrogen and nitrogen beok
to the ammonia »lant, it will be neseseary to provide five or
eix 20 H, P, compreccors with pocessories and ¥%wo storage
gac opheree with mixing faeillities, These items will be the
igggréggste in the »lent, esell GORDressOr rUNning to sbout

z ’ E ]

Facilities for burning the HD proiuct to wrnter, for
storage and shipment and seafety provisiong are under considera-
tion but no noturl deecign bers been comnleted,

Senerel

The congtruoction "bottlenecke® in the prezent eon-
templated design appeer to be the large comprasecrs for the
return of the gae at 30 atmospheree, the Carrier refrigerntion
unis (200 tons of refrigeration total) ueced in three placee,
and the twenty heat ex (10006800 sq.ft.each), In
two or three weeks, gpecifieoations on this equipment wil.: per-
mit oonsiderrtion of contrazot questionnsiree for the purthase
of the comprereors by du Pont and for the design of refrigera-
tion units by Cerrier,

The nresent powver requirements total about 15,000
fie "y of whieli 10,000 ., are recuired to return the gre at
30 stwmogpheres “reseure and 6000 L. ¥, for refrigeration,
Thic smounte te about 12,500 kw,/ton 90 % D,

In order to obtrin the necepgery refrigerstion,
ebout one and one half nounde of hydrogen —er nound resching
the distillation colunn will neve to he ueped., 7Tile meons that
thirty ereent of the gss will rot be strised of deuterium,



Freliminary plant layoute -3¢ continuelly belng
congtructed, At oresent, the totzl aree will oover a plod
200! x 200' of walich only about one fourth ie neoessery for
tgg liguid aydrogen section of the -iant, or that part below
4 i

ipesent Statue

1. Reohieeking of the refrigeration section lg now
under way.

2, The Carrier peonle will nrerent a definite an-
gwer within two weeke on the adaptability of
thelr gtandnrd refriger=tion eguipment to reecch
the 100% K level.

3, Specifications snd cost estimntions on the vare
ioug pleceg of equirment were gtarted November
9th, VWhlle it ip not esfe to predlot, a falrly
somplete preliminary ectimete should ﬁm available
within one month and e heif,

4, Investigntione of th: effect of the mre gapes
end of ortho-pars conversion are planned,

B, Tinme and men-power scliedules on the design part
of the problem willi be orecented shortly.

6. Oonglderation of the »rovner quantity and the
prosar gsouree of the gaees avallable at du Font
has been recuested and ghould be avallasble shortly,

Two phagee of the problem have been assigned to
other groups, F the determination of the thermal eondust-
ivity and heat T¥anefer coefficients for belling hydrogen have
been undertaken by Dr, Brickwedie st the Bursau of Standards,
Fo data have betn reported to date. §§§§§g, a contract cues-
tionnaire is in progese for the est-hl ent of a liquifae~
tion eystem under Prafegeor H, i.. Johnegton 2t Chio State Uni-
versity.

The importance of soue resenrech at (hi~ Steate s
peconing more apnerent cvery week, Ar st present outlined,
the program coneiste of the following, to which additionsl
iteme are corngtal€ly belng added,



10 JRH/me

1. The opepation of the unit on reoyele pure hyiro-

2.

gen geo to whleh & knovn pereendage of nitrogen
12 fed to determine!
2} the time to »lug the Glasuque purifier
1) the vargent removsl of nitrogen, and

¢) the meehanicszl pronerties of golid
nitrogen.

Similar detn to 1(a) nbove on repnlica unite of

a2 design to be used in the lerge vlant, should

thig be nogeidle.

3. The determination of the thermal conductivity

4.

5.
6.

of teet sections of ineulation to be ueed in the
large plant.

The determination of nropertiee of materisle of
coratruction guch ss hardness, thermal condueti-
vity, ete., of zteels, bakellte, eto.

rpobleme of liquid level and temperature control
Ortho-para hydrogen conversion

Investigation of the importance of any other ther-

mil effecte, mich ae¢ transitions in the s0lid einte,
ete,

()



APPENDIX X

DISTILLATION
HD - Hp

Data and Procedure!
Vapor Pressure: H, log Pyy = 4.00204 + 0,0167335 T -\i@&%ﬁéﬁ
HD log Py = 5.04964 ¢ 0,01478 T - §,249

Relative Volatility (ealculated)
at 2 640°K = 1,740
at 22K = 1,815

S50 average > ig 1.sa'ror acolumn operating at one ate
mo sphere.

However y and x valusg wers caloulated froam vapor pres-
gure data rather than using an averags alpha
for the stripping section., Vlates were stapped
off on NoCabe-Thiele dlagram, For the enriching
segtion, alpha was taken sas 1.74 and the follow-
ing formula was used!

when A= éw-l +,£§
p =g
Xq &and X¢ = mol fractions of HD

The basts of 1,000,000 cu. ft./hr. of hydregen {0°C ana
760 mm., Hg) to column was used.



<
§

yoa
fudl o
st @
m¢mun
o8
L
B
%
)
o
ek
w
¥
8
=
. 3
e B
s =
~ O
Ge 4
:
f
z%
h PR 059
S o
g &
2
.
3
-
58

% Reo.

508

561

0.780

0.90 1.11

90

516

619

3,966

0.76 1.1l

00

441 397

0,612

3

0.90 0.64

70

616102

oo
RREeEs

80553

sdags

Do
v & o 2
AW

el
SRV
*» ¢ ¢ @
N4 OO0

)

401

535

0,744

1«0889

lgrsss

0.7 0.64

70

19
20

21
20

MO8
* s s 8
LR 28 2B

5?97
1190

319 287

0.443

4

0.80 0.182

6o

24,
27,

23
26.3

21.4

287

S83

0.532

e
Onum

72

0.7%

287

1147

1.502

U O

Yo 2

Pk K

7
20,2

178

Q'E&

60

287

2870

3.98

0,10 172

80

367

152
aka el

nﬁ l,u

_nu 2
ot g

et 1
o4 rd

N
oS4

20.0

0.350 244.5

235.0

Yo enriching section

0,80

42.8



APPENDIX I1
ATTAINMENT OF CHEMICAL EQUILIBRIUM

Formulas

N 1-N WN¢(a=-1)k log
it (1 t. 0t
Ht log nb {1 Nt)leg I:F‘; W

t

Et = mol fraotion HD at top
= mol fraction HD at base
« 1,70

= §,1 mols per plate
= No. of theoretiocal plates, 24

= Rate of feed, 2785 molsa/hour
t = 47.85 houre

f o=
=2 WX &

For 60 actual plates, H becomes 8.1 x 60 rather
than 8.1 x 30.6 as calculated above.
For holdup beyond the actual working holdup the
following additional term muet be added to the left side
of the equation.

(.B.ﬁ.‘.‘. log &) {Np-Ny) h = holdup, 55.5 mols.



TABLE III

Concentrations on Plates at Totsl Reflux

Average Percent
Mol. frao, Cono. Total

Plate No. Hp Recovery Xn, Holdup

8t111 .10 17.9
1 0.164 54.8
2 0.228 50.1
s 0.328 63.5
4 0. 448 74.5
5 0. 576 83.0
6 0.693 83.1
" 0. 792 93.1
8 0.858 96.0
9 0.918 0. 6094 87.6

10 0.9812 98.6
11 0.9717 99.2

12 0.9840 8e.8

13 0.9912 99.6

14 0.99492 89.9

16 0.99706

16 0.99831

17 0. 999040

18 0. 999450

19 0. 999690

20 0. 999820 gao% or

" {No enricher) 0.76097

21 0. 999898

22 0.9989939 70% 0.78149

23 0. 999965

24 0.009998

go% 0, 76921



The time to reach chemical equilikrium has been
caleuleted Tiret at total reflux when twenty-four theoretical
piates &re required for alrmost sny chosen snd conditions,
About 475 gellong of %total liquid, correeponding to 30,6 1b.
wols of HL conatitute the working hold up. 99 mol % of this
amount of HD 48 on the first ten nlantes above the still (3See
‘Table II1}.

On the basis of 907 recovery the trangport intc the
columnn 18 0.716 mola HD/hour, so that 42,7 hours (30.6/.716)
are negesesry to reach chemieal equilibriue, assumning no hold
up beyond the hott?m plate, Using the formula developed by
Urey and Huffuen!l/, 47.6 houre were obtained,

If in addition 300 gallona of 90 mol % HD are in the
resirculating eystem at the heavy end of the oolumn an sddi-
tional 77 %o 100 hours are required (o reach maxisum concentra-
tion (90 mol & HD).

1) 3a0 Urey, The Physical Review (London) VI, & (1038)

V255738
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A nev method for tle concentration of isotopes
is beeed on the princliple thst the equiliberium eonstant
for &n exchange reaction is 2 function of the temperature.
By sulteble design, & countercurrent system of two or
more towers operating at different temperatures, can be
set up, whereby, concentration of a desired constituent
csn be effected in the region betweon the different tempore
atures.

Applies%ion of this method to the concentration
of deuterium permite the cholce of s wide veriety of
%ggrogan exchange reactions. Use of & system Anvolving

exchange of one component with water nrovides & means
for the concentrrtion of deuterium ueing water as the raw
metei-ial,

THLie method possesces ¢ Geocided adventage over
others, inassuch as the energy recuirements are small snd
the rew meterlsl ig roedily aveilsble. The unlimited
supply of water, shieh is tle only necessary souroe of
deuterium, onahﬁol a volume of rroduction hesretofore
economionlly imgeraetiocal., Effectively, sn unlimited and
unrestrieted produotion of Jdeuterium is possidble anywhere.

At the present time, two syatems have becn se-
iected to be the most precticrl. The simpler of the two
meres use of the deuterium exchenge between hydrogen sule
fide and weter. BHere the resction mechaniem is lonle and
tekes picece ropldly in the liquid without s catelyst.
Caleulstions indiocte thet reecovery and eoncentratlon of
20% of the totel deuteriwm in the feed woter ozn be
schieved with reistive easse., The cther system is more
complex &nd mekes use of & oomiinntion of three exchange
reszctlions. Theese sre the ammonis-hydrogen exchange, the
watep-hydrogen exchanze #nd the wrter-smnonia exehange.
liere the two exchange resctions involving lLydrogen re-
cuire cotrliysts. However, recovesry end concentrzilon of
2t lerst 407 of the totel de terium in the ferd wnter
exn pe effected by this system. .=
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Biscussion

A comperison of the two syetems indicentes thet
tie one using hydrogen sulfide reguires only two towers
fiilsed with ztanderd peeking or eonstructed of bubble
pistes zné bullt to withatrné pressure =nd corroeion by
the hydrogen eulfide eolution. The ammonla systlem re-
guires three tovers, two of them of speclal construction
to permit co-current gns flow over esteliyst bede and en
oversll countercurrent liculd-gre flovw through the tower.
Une of theee towers conteine omtalyet for the liow Yen-
perature smmonis-lydrogen exchange, the other tower acn~
tains coteiyct for the high temrerature water-hiydrogen
exalinnge. The third tover i for the ammonir-wateor ex-
chenge and reculres oniy paciing or bubble rlates., The
schematic disgrems in figures (1) sand (2) show the oper-
etionel and functionnl detsile of the irorcsed piante
using the hydrogen sulfide-wster asxchange resction and
the amuonie-hydrogen-water exchange resnctions resrectively.

{e) Rydrogen Sulfide-iater ¥xchnnge System

The constri.ction of the hydrogen sulfice sys-
tom.eontictg of two packed towers, one operating cold
et about 359C, the other opersting hot at about 1919,
The totzel pressure in the systesm 1g limited to twog:iu
five atmospheres by the wvapor pressure of hydrogen -
fide at the cold tower tempsrature. The Stemperature
of the hot tower g set by the desired partial rresgsure
of sater in it. The top of the cold tower server to
ssturete the feed water with hydrosen sulfide, The
bottom of the hot tover contains 2 boiler and sots to
vaperize water to humldirfy the ineoming hydrogen esulfide.
The hydrogen sulfide flows thro thes hot tower and ocold
tover, recyocling continuously. feed water enters the
top of the ecold tover snd flowe countercurrent to the hy-
drogen sulfide through bLoth towers snd lesves ng waote
from the boller. The product is removed Trom the conden-
sete thet is formed fron the geses that leave the hot
tower. The enriched producot is sent to the second stage
of the esscade system for further coneentration. The
unete from the second aslepe ig returned to the first
stage for furtler stripping.

Enrichment in the first gtege ig determined
principly by the liculd ges ratio and the aliowrble
height of ths towers. C{zlouletions on the syastem opersnte
ing under an ortimum hydrogen sulfide-wster ratioc of 1.8,

§ £ hd ..
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and & step-wise zreplileri deterxzination of the number of
tleoreticsl pletes in Loth towers, indlerte the totel
Leight of tower reculred. A helsht equivalent %o forty-
twoe tlworeticel plates ig neceescry for a two-fold enrieli-
ment, while sixty-nine theoretlliczl rizntea rre necessrry
far & Tive fold, and one hundred snd five are required
for & twenty foid inerenas in concentretion. It is ob-
vious thret At le depirsbls ftu coonztr.et the stee %o the
grtimum Lelght determined from economie conslderations.
The teble on pege (1) of the nrpendix shows tle effect of
tLe number of theorvtical rpletee on the concentretion of
the product.

A%t present & report iz delng comrleted thet will
precent & detalled pnalysle of the system, the methode of
erleulstion, the theereticsl conslderniions and the phyel-
erl propertice of the components involved.

Freliminsry desigr isrz boen mede on the construce
tion of the semiwworig unl%, This wiil test the system
under operetion ~nd cbtein drts for the decign of ® plont.

(t) Ammonim-hyGrogen-ianter Lxehonge Systea

“he construction of the ammonir-hydrosgh-unter
system oonalste of thres tovers, One crerates oolid %t
rbout 5000 and econteing the oxte.yst for the ammonie
zen exehange. Ancther operstes hot at sbout 2159C amd
containe the cetalyat for the water-hydroren exchange.
The tempersture of this tosxer 12 set Ly the desired pore
tial rressure of the water in it, The third &8 a pecked
tover for the smmords-weter cxchienge end operrtes essen-
tiel.y ¢ & combination distilintion tower snd equliile
braters No eatslyst is requlred for thds exciange.

The botton of the it tower contains & boller
tat serves to oumidify tle lncominge hydrosen. Above the
cold tovwer ie e scrubber to remove the pmronis thet is
errrisgd out by the hydropens At the bottom of the cold
tower i 2 bolier €t serves Lo setwrste the inco
aydrogen with amronde. The Lydropen flowa through the
Lot tower znd cold tower recyciing centinuousiy. Liculd
emoonie flows countercur ent to the hiydropen in the cold
tover. The neturl oversll osteliytle exclcnpe takes nieoe
rith consecutive co~current Lydropsn-ammonia gne strenms
et pnge countercurrant to toe iilquld smmonie strecn,
The smronis flove fronm the ecld tower to the water
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ecuilibreter tower where it 1g vaporized, rpacced counteore
current tc tlhe feed wnter, stripred of its deuterium
enrichment ~nd frzctionated from the wstor. The sammonls
returng to the cold tower and reoycles continuocusly.

The feed wster entering the eguillibreter tover becoues
enr-iched, :nd iz cepsrated from the smwmonian. It Ilows GYwropgh
the Lot touser countercurrent to the hydrogzen and lesvog

thie boller a8 unste.

fke product to be sent te the second stage 1is
drewn either from the ammonis stresr lesving the eold
tower or from the water stream lesving the equilibest r.
wsete fyrom the second alepse is refturnmed o the syatem
5% & point beayond where At wes dreawn.

Kecentially, thie systam is anslogous to elither
& emmonia-hycrogen two toner mystem or & woter-hydrogen
two tower aystem, ns fer as extraction effielency goes.
In thie case, however, the second liquid has besn intro-
duced in order to provide r merna of produecing 2 unifarm
preasure in the entire pisnt.

one of the sdvantages of thig system over the
hydrogen sulfide system 1§ thet it does not suffer fron
corrosion snd ern be econstrueted of ordinsry sastesl.

At rresent, work is bDeing done to determine
the effective verinbles an the oparation of the aystem.
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saulliibriun Constantg

The eguililrium constrnts for the ges phase
exechiznge reaction between hydrogen sulfide and water
have been caloulsted by Iwr. Stockmsyer from spactro-
gconic dote =nd follow the eguntion
log E§ w 03,7/T « 0,01086. Appiying 2 correction for
the effect of the relative volatiilty of EDO to lp0,
1og Pupo/Plgo = 0.0638 - 28.3/7, the relstionship
iog Ky = 122.0/7 - 0.741 is obteined for the 1lquid-
gne resction,

‘Then for the rerction
ﬂgﬂ + HIB 3 HDO 4+ 820
Yhore K = (HX) (Hgs)
(Hou) (iu3)

1 F
Tewp. © kg ey
o .18 2.88
28 2.02 2.16
100 1.7 L.70
200 1.54 1.53

The equilibrium constante for the exchange
resotion beiween sammonia-hydrogen, water-~hydrogen, snd
somonio~wpter lave bean n&leulate& fron speatroscopie
dete for the greeous state by Irse. Kimball end Stock-
meyer snd sre ep followst For the ges phnee, amrnonle~
Lyarogen grolenge Jlog Kg = 0,0036 + 227.2%. Applying
2 correction for the reistive volatility of KiigD to
from date by I. Xirshenbeum, there is obteined the re-
letionship for the licuid ammonis-hydropen exchange
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The repction

Nhl’: + HD &= 3»2?22‘ + Ha

rLere p o~ (WD) (Hp)
(lHz) (D)

2, ‘g(v ‘,N v K g
0 .85 4.57 7.01 4.687

“here {t) is tie gernyation feeto: or dietrie-
bution of devteriur beteeen the ammonls snd hydrogen rhase
end is equnl to Bwo-ihirds of K.

For the gas phase weter-hydrogen exchsnge
log Xg = 3008 4/T - 0.1307. The raletive volstllity cor-
re¢tion for MDO snd HpO 1s  log rgﬁofwﬁgg = 0.0636 « 28.37,

end the egquilibrium constant between liquid water and hydro-
gen is expreseed av log Ky = 333.7/T - 0,1243,

The resction
Hzﬁ + BD # lDO + Hp

(HpO) (HD)

Teny.°C Ky Xy

28 3.82 3.89

100 2.63 2,71
200 2,01 2.
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The 1iquid water-ammonie ges exchange is deter-
pined from the reistionship of the ammonie and wster-hydro-
zen exchange resction constents,

For the rezcticn

Fg1 * Bglntg ~ Hg) / %3 (Hp0 - Hg)

Temp.°C ﬁsl S
2 1.80 1,000
00 1.51 1.007

where (¢.y) 18 the separation factor or the

éi:::ihutxoa of deuteriun between the smmonis snd the
uater.

Considerations of ixtrection Efficleney

An evcluation of the meximum deuterium extraction
efficlency of the hydrogen sulfide~water system can be
mede by sssuming equilibrium conditions st the ends of
the two towers. If is the egquilibeium conetant for
the exchsngs at the cold tower temperature and Xe is the
soncentration of deuterium in the feoed water, then the
cocnoentra’ in the lydrogen sulfide leaving the cold
sower As « Bimilarly, the eoncentration of the we-
ter leaving the hot tower is XeKy / K,, where Ky is the
equilibrium constaznt for the reaetion at the hot towey
temperature. YThe frection extrzoted is determined by the

difference between the coneentration of the fecd snd the
waate liquor and ie equal to (1 - K./X,).

An eveluntion of tiie meximum deuterium extrao-
tion efficlency of the ammonis-hydrogen water syctem can
be mede by sassuming eguilibrium conditiong at the ende of
the three tovers. By the some tresatuent sz wng used for
the hydrogen sulfide gyatem, the concentration of the
amnonie lesving the equilibrstor tower is X{“ws shere ag
is the sepsrstion fretor for the errmonis-weler exchenge
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4+ thet tower temperaturé. The concentretion of the
g;&rggen iesving the cold tower 18 Xgty / R and sim-
ilnrliy the eoncentration of the water lesving the hot
tower i8 X !l/ Gge 7hs frection extrreted is then
(1 - ok 5 o). Since the sereretion fretor for the

B e’ " . A
wnter-gmsonis exchange is ~limort ecusl to one, the frse-

tion extrscted becomes (1 - Cp / ga),

it is important to note thrt in determining
the ultimate extraction efricleney of either eystem, it
ig necesssry to use the gguilibrium conatents of the
l1iquid-ges reactions £nd not the ges riese equililelum
constants, although these may be used on celeulations
within the touer,

Caloulations mede on conditione zithin the
torver are bseed on the pasumptlion that the effective
fractionation feotor for the distribution of deuterium
batwvesn the 1iquid end the gns phases is representative
of squilibrium eondtions in the tower an@.%othamtm

determince the equilileium c.rve for the tower operat
under any tempersture sané rressurs. 7The ef’/ective frae-
tionstion factor veries not only ¥ th the temperature
but aleoc with the solublliity of the hydrogen sulfide in
:he ghlg.qum ané the partisl pressure of the wster yapor
n &88,.

£ = (1 + H) (xi*s)

(1 +8) (1 + HKglp

f = efteetive frectionation fretor

H = polar ratio of weter to hydrogen sulfide
in the ges

5 = molar retio of hydrogen sulfide to water
in the liquid

K = equilibrium constant for the gas phase

€ exchange resction

p = retlo of veror rresosures of HDOG to !120

vedght belenoces sround the towers between the
* #nd the saturster sections determine the Alstribu-
€ deuterium in doth phages ot the ends of each towepr.
\nztion of these concentrstions for varying liguid
es ensbies the selection of ortimum flow conditions.

¥
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A 1lot of the effeotive frsetionstion faotor es
the equilidrium line snd a2 plot of the opersating line ob-
tained fron the concentrations st the ende of the tovers
eneble the performence of = stepwises graphlerl deternina-
tion of the numbar of theoreticsl plntes regqulred to ro-
duce & given enrichment of produet. The result of suoh &
determination ere shown in the followlng teblet

Cold tower tempersature « J80C

iiot Sower tempersture « 1£19¢

Totel preseure = 26.5 atmos. (vp. of lgh@380¢)
Paprtial presaure of Hol in Hot tower = 1Z.75 atmos.

Mole circulsting Hyb mol weter foed = 1.8
Concentration of deuterium in feed water = 1/7000 = 0.0143
mol % Dyo

Froéuot Concentration Nunbor ¢f Theoretical Flates
Mol £ D0 inorcass Yot Tower Cold Towsr Total
0288 % 2 fold 7.0 13.2 42,2
0528 5 35.7 19.3 B6.0
0872 4 41.6 £1.7 63,3
<0718 8 45.¢ 23.4 80,3
+OBE7 é 48,2 24.7 73.0
« 1000 v 5241 28.8 77.9
+1143 8 54.5 £6.8 8.3
<1288 e 56.7 2.8 4,2
.+ 1420 10 58.8 28.2 £8.8
+ 2144 16 65.0 31.6 7.4
« 2860 20 71.0 54,4 1N8.4



Attasched to this memorsndum 1g a report by R. H. Crist
on the uranyl nitrate water-ether exchange syetem, reviewing
briefly the work done at Yale, at the Unlversitly of Penneylvania,
and at the DuPont Company. Tne work at the DuPont Qompany,
looking to the large scale apparatus required for this work,
hes turned out very well indeed. A complete report will be pre-
pared later, but 1t appears thsl sleve plate eounser-current
columne could be uesed to construct a plant with perhaps an equi-
1ibrium time of about 10 seconds. This would mean thst the
plant would require three or four montns to come %o eQuiiibrium
if it were producing materisl of double concentration. The
plant would also be very lnexpensive snd could be constructed
eagily without & great draln on strateglc materlals,

Kilpatrick's work &t the University of Pennsylvanla
has given us a gre=t deal of information with respect to the
anslytical procedures for uranyl ealt solutions, and also the

settlin times of mixtures of etner and water solutions of
ureny §ltra e,

Tne results secured at Yale University on the funda-
mental process are very difficult to understand. Nelither I
nor my colleagues see any way by whioch the analytical results
can be in error. You will note from the table in Dr. Crist's
report thet all analyses either fall within a few hundredtha
of zero, with a mean deviation of the messurements of a few
hundredths or else they fall in the nelghborhood of 0.15,
except one which is -0,28. Theee snalyses are fsr outside the
mean devistion., They do not, however, indicezte as large an
effect as previouely reported.

Since our previous reports, Dr. T. Ivan Taylor, work-
ing at the Bureau of Btandards, has presented a report - A3l4 =
covering work wihich he has done on the exchange between uranyl
solutions and zeolitee. He finde in this case thst his samples
deviate from standard uranium samples by 0.8% in two experi-
ments, and 0.4% in another, these analyees having been made by
tne counting method. That method has not proved very reliable,
but it seems probable that such large differences as this are
outside the errors of this method. Samples are now being pre-
pared at ¥sle University, to be analyzed at Columbia University
covering these experiments.

It ie my oconcluslon at the present time thst the
effect that we thought we had observed in the difference of
distribution conatants of the isotoplc uranyl nitrates, cannot
properly be ascribed to any such difference. The experiments
definitely show that this interpretztion of the differences
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cbeerved cannot be corrsect. It may be thst the differences
egre due to analyticsal errors or some cotner unknown effect,
such as a photocnemical effect. Experiments are in progress
to determine whetner this ig tne case.

In view of thie situation I have asked Mr, Chilton
of the DuPont Company not to spend money for strategic msterials
on the pllot plant work until the laborstory experiments are
cleared up. I am asking the Ysle group to make conversions of
uranyl ssmples for us., This technique they nave now perfected
to a high degree and can convert ssmples quickly. We are asking
Professor Kilpatrick to finish up his work on the analytical
and settling problems. Recommendstiong in regard to definilte
dispoeition of the Pennsylvanls and Yale University work will
be made at the next meeting of the Executive Committee,

Harold C. Urey

November 13, 1942
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RANYY, NITRATE, WATER, BTHER EXCHANGE SYSTEM

by
He He Crist

The significant developments have been with regard te (a)
the metheds of mixing snd separating the two phases in such & msmer
that eontect time snd hold up sre suitable and (b) the determinetion

of the simple process sepuration fastor.

In the werk et Yals Untversity on the simple process fachoer
ten experiments have been ocmpleted and are reporbted in Table I

¢ 28 msm; « CoDoBo 18
Bt (20 ~ DeEoPo 17

1] 18-23 w(e) ~ DoRefo =01
‘“’ - '(') «00

H{E VB ; = DaBoFo 01

b {¢ ] « DeBa¥o 01

ntimg - CoDoBo «00

Bt{40 o DaBoFo  «,08

a6 26{40) - CoDoBe «02

4 1528  W(4s) - %(2) PR 3
B6{100) - DokoFo 4

e 10-23 ?n) - :ﬂ -0l
W{ET-8~9=0) « W(2 -o 02

2t{40) = DoRoPoGo «,02

R 18-28  E4(40) - Orig e 0P
ﬁ(&?"&) - ¥g «00

) 4 &8 B6{40) - Orig -0l
ﬁ(a") - wg <00

E 26-28  B6(60) - Ordg «01
W(ﬁ?) - ﬁa -0

Solution eontained
sitrio sold

Columabie Experiment
Solution sallaline
with Yo M

30 irsrbe
sgitetion

Temps 359

Further sttempt S0
duplicate Coluabia
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Unless cthorwiam&uﬁ:od the temperatury sxperiment is
15 = 23%C and the time of shaking ie 3 - § mimutes. The symbols
% and W refer to the sther and weter leayere respectivelys The
mmbers in the parermthaoses vefer to the number of single extractions
or ayelos involveds The molutions mre saturated with respeoct to
G0p (B0g)e emeept s indicatods Feduotion in smount of eolute during
an experimont 8¢ the osrder of 10,000 to L.

The mmd oolumn gives the pair of samples used for the
- analysise In sll vases the substense in an ether layer is compared
to the originml #0lid and substanse fran a water lsyer to thet from
asngther waber layer. The difference in the peresnt sombent of rere
substanss for the analyses pair is shown in eciumn threo.

Exaninntion of the date shows significant emyrdetment iz
oxporiments A, ¢ snd #e Thore are & nuber of obvious ineemsigtenciez
in the reeultss In (F) both positive and nepstive values were
obbeiveds (1) et wc does not bear cub the temperature ef'fect
indicoted in (A)and (48)s (%), desigued to be a osreful dupliestion
of the original Odluable exporimemt shows no enricdmenbs The small
effact for the aesdd (B) and alksline {G) solutions might reascnably
b & pil effeots On the othor hand, the 30 mimte sheldng exporimens
() should heve ghown effects sl lsast as graat ss experiment (A),

These evident inmoonsistenciss might be explained on the
besis of some uoknown impurity or an soccidental snalytienl error.
otk possivilities are beiny thoroughly mvaatigm.

Harnedte group have perfected the methed of oomversion
of uraniva nitreds bo Hex suffioleontly te gi.va up to 80N comversion
on 160 mg samplefe

The englnesring group undsr Chilton reports favorably on
the apor&*k&m of the sieve plste colum. Using & dummy solution, a
8 1/2 secornd holdup was obtained with a 2 1/2 ineh plate epacing and
4 ssoconds for s 3 inch gpacing. The column, 8,76 inelws dimmeter
exd baving & 10 1/2% free ares of 0.1l inch holes, flecds at a rete of
to 8 gel/ain of water and & zal/min of ischutyl slachol.

A herisontal sepsrabor made up of n pair of plates separated
by 1/8 inch was fed through holes distributed slong one edge at low
raed ratos correspamding to conmbact times of § secondse The product
abroung oontained 20L of the wrong phase and contmuinsbion inorensed
with inoresping feed ratos.

_ The Columbia and du Pent engineering groups levk with fever
on the sieve plate colwin as & plant poeaibiutye his 1s besause of the

o]



simplicity of construction and opsration and the avallability of
materialss The Potblelniak contactor has nome of those adventages
 and in eddition would require redesign and developsent,

Cohen and Kaplan have nade the necessary theoretioal
saloulations for ¢ contimious ossoade gystow.

Edlpetrick has found that the highest setbling rates
of other watur smulsions sre obtained with very pure substanses,
The rete is incressed with incrosse of tempereture, is 1ittle
affected by sull emounts of NepSO, and Ne(H, and is inoressed to
8 greater or lsss degree by weiting agents, oils, orgsnle acids
and bases and sone stopoock grensos. The experimenta show thet
811 plant equipment must be sorupulously clean.

The Permsylvenia group also have perfested for geceral
analybical purpowes the refractive index, demsity end oclorametric
nethods for the determinstion of uranimm in water and ether solutions.



Report on Pnotochemical Studles
by

8, I. ¥Welssman
David Lipkin

University of California
November 10, 1942

In previous reports possible metnods for the photo-
chemicsal separstion of the uranium lsotopes nave been sug-
gested, In the past few months experiments designed to apply
these suggestions have been ocarried out, Some 25 fractione
obtalned from these experiments have been esubjected to 1so-~
topic analyeis by measurement of their alpha and flesion
sctivities, Because of inconsistencles in the analytical
dats we can as yet draw no definite conclusions as to the
success of fallure of these methods. However, apparent devi-
ations from normal isotoplc composition of &s high as 10 - 20%
have been observed. Samples have been submitted for isolopde
analysis by the mass spestrogrephic method in order to obtain
confirmation or denisl of the poseibility that isotoplc
separstion hag been observed. In addition, s search for the
sources of the above-mentioned deviations is being contlnued.

The ultraviolet absorption spectrum of UFg vapor
has been obtained under high dlapersion. In addition to the
gtrong continuous absorption which sets in at about 3300 X,
there has been found a large amount of structured absorptlon
in the region around 3650 K., A more detalled analysls of the
spectrum 1e being contemplated.

Ag suggested in previocue reports, crystels of sodium
uranyl agggate have been prepared in which the ursnium oconslets
of 16% USY°, The fluorescence spectrum of these orystals at
70°K. has been compared with that Q5 similar orystals in which
the uranium is practically pure U2°8, Small differences in
the relstive intensities of certain of the weak lines appear
in our photogrsphs. Further studles are being made on a sim-
ilar pair of rubidium uranyl nitrate crystale.



Report on the Fluoro-Carbon Work
Harold C, Urey
Sept, 26, 1942

During the past month Dr, Rosen of Mr,
Murphree's group, has made a very careful survey of
the fluoro-cerbon work, but I have not, because of
pressure of other duties, The most lmportant dévelop-
ment in the field, however, has been the production
of lubricating materials by .direct fluorination procedures,
by Dr, Grosse, Dr, Cedy, and their group, The direct
fluorination of lubricating oils from various sources has
been carried on, with the production of & oonsiderable
variety of products Lubricating oils from different
crude materials give quite different fluoro-carbon oom-
pounds, Perhape the most important observation, however,
ie that regardlesgs of the source of the material and the
melting points of the products, the viscosity of fluoro-
carbons of the same boiling polnt is the ssme, This
makesg 1t impossible to select viscosity and volatility of
the compounds independently,

A preliminary survey would indicate that
sultable lubricsnte for use in the diffusion plant can be
seocured, but that it is very doubtful whether suitable
lubricants for the ocentrifuge plant can be obtained,

The above are tentative conclusions which may
be modified by future experiments,
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The Production of Volatile Uranium Compounds
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Harold C, Urey
Sept., 26, 1942

Prof. 8chlesinger of Chicago 1s now preparing
sbout £0 grams of the uranium tetride and samples of this
material will be sent to Columbia for test on diffusion
apparatus to see whether they are stable under these oon-
ditione. Prof. Schlesinger's experimental work indiocates
continued stability in the neighborhood of 759, with
apparently only a small decompoeition at the beginning of
the test, These tests were made in glass, No information
in regard to the stabllity in metale is yet avallable.

The method of preparation is etill impractical for large
scale produstion., Progress ls being made with other methods,
however, The most hopeful seems to be the use of lithium
hydride and the boron trimethyloxy compounds to produce
lithium borohydride and lithium methylate directly., The
source of the hydrogen in this case is the hydrogen of the
1ithium hydride, Diffioculty has been encountered in getting
lithium hydride beocasuse of its extensive use by the Army.

It would seem to me that within the next month
we shall have rather definite information as to whether
these compounds can contribute anything of importance to
our program,
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The University of Chicago
Department of Chemistry

Hovember 9, 1942

FProfessor 1, C. Urey
Columbia University
New York City
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Dear ¥Yrofeecor Urey:

In view of your statement laat Saturday that you intend, when
our project comes up for reconsidersticn by the N,IL.R,C,, to propose
that it be extended in some form beyond its present expliration date
(February 22, 1943), I am taking the liberty of summarlizing our die-
cussion of the argumente in favor of eguch an sction:

(1) All doubts concerning the feasibility of producing uranium
borohydride in quantity have been removed by the development of new,
simplifiec methods ¢f preparing éiborerne zndé torohydrides,

(2) The compound does not seem to be affected by or to act
upon mild steel, thus avoiding ths necesgsity of using expensive speclal
steels now in grest demend for other war purpcees,

(3) For processes for which reiatively low pressures and
correspondingly low temperatures (500 - 550¢,) might be adequate, the
substance ig unquestionably sufficlently stable.

(4) Decomposition has been more extensive than desirable at
temperatures above 600C,, tut there are numerous indications that the
obeerved decomposlitlion may be due to the effect of glass surfaces or to
traces of impurities, ¥e are now working on the elimination of both
possible causes of decomposition,

(5) Nov thst we have developed methode of obtaining the boro-
hydride, in the quantities needed for rapid expansion of our work, we
have started our search for derivatives which might be inherently more
stable or mwore volatils than ths borohydride itself,

(6) Preliminary investigstions carried out in cooperation with
the Metallurgical Project indicate that there is a possibility that Che
borohydride may be very valuable in overcoming certain difficulties that
have been encountered by that group.

{7) From the preceding i1t 1s obvious that the borohydride or
its derivstives have very considerable prospects of succsss, But even 1f
it should prove desirable to start with the hexafluoride, the borohydride
poseibilities should still be explored in order to have & gecond pro-
cedure, should at present unexpected obstacles to the use of the fluoride
appear during the course of its future development,
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frof, H. C. Urey

11/9/42 o

In this connection, two polnts should be seriously considered:

(a) Before the expiration of our present contract ve shall have
completed our work on the simplification of preparative methods. Further-
more, we shall have trained a group of younger men to replace those loaned
to us by industry; when the latter return to their former positions, the
younger men can take over at less cost to the project, For these
* reasons, we would expect to proceed with a somewhat smaller and consider-
ably lees expensive group., A six months' extension adequate for the
purpose could be financed by from £40,000 to $50,000, or perhaps even
less, depending on the unexpended balance of the present appropriation.

(b) should the work not be continued, & group trained with
considersble difficulty to thie very specialirzed work would have to be
disbanded. There would be & tremendous loss of time in reassembling and
retraining another group should it later be decided to take up the
borohydride studles once more,

For these reasons, a six months' extension, which would
probably enable us to complete the work, ie conasldered extremely
desirable,

I hope this resume will be of value to you in presenting the
matter to the Committee. '

Sincerely,

{sgd) H. I. Schlesinger
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