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Vapor-pressure ratio

/‘W Separation factor

Temperature Vapor pressure Kirshenbaum Combs et al. Measured Correlated
"¢ of H,0, Torr k2| lc11| lc11] |R8|

0 4.58 1.12, 1413
10 9.21 1.08 1.094 1.100 1.098
20 17.54 1.07 1.082 1.087 1.085
30 31.8 1.06 1.071 1.074 1.074
40 55.3 1.05 1.063 1.062 1.065
50 92.5 1.052 1.055 LO51 1,05
60 149 .4 1.046 1.049
70 233.7 1.040 1.043
80 355 1.035 1.037
90 526 ~1.030 1.032
100 760 1.026 1.627
120 1,489 1.019 1.020
140 Rl 1d 1.013 1.014
160 4,636 1.009 ' 1.010
180 7,521 ~1.005 1.006
200 11,661 1.002 . 1.003
220 17,400 1.000
240 25,100 0.997

= g & o Y
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Nemours s2u 3 lswwumleiuluil a.A. 1944 Aafl Morgantown Ordnance Works
W. Va, (M.0.W.) # Alabama Ordnance Works, (A.0.W.) uazfl Wabash River
Ordnance Work, Ind (W.R.0.W.) #HuynTsvviuarviuiivuinvavlseeuinidu galseeu

zsznaunlsvanduggyInIAReaRUfY 8 stages  #agy
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| I
| |
| : Procduct
| / | | ' | walter
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S 10117 | | 1.04% 0.39 kq/h
Pump |‘| :
! |
= )
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Reboiler | :
|
' 1
@-mm e — _—————— e ————l- {k
Feed steam
165 psia
0.0143 atom % D
92,070 kg/h
Waste condensate
0.0143% D
11,670 kg/h
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Number No \~% s / PYSBETCIG a/o

in of Fonkgoi deuterium,
Tower parallel Diameter”+ plates vap;;/h Top Bottom bo ttom
1A 5 15 ft 80  (80,400) 67 238
1B 5 12 ft 90 80,400 238 536 0.117
24 1 10,5 € 72 (9,620) 129 340
2B 1 8 ft 83 9,620 340 645 1.40
3 1 3.3 ft 72 1,380 124 . 343 3.8
4 1 1.5 ft 72% 330 127 440 10.0
5 1 10 in 72% 85 127 340 11.5
6 1 10 48 72% W 124 328 23,2
7 1 10 in 72% g0 124 333 56.4
8 1 10 in 72% 90 127 308 89
Total 18 757 92,070

* 1 £t = 129 Q01T Idk1

i Number of theoretical plates in packed column.
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3.1.2 nsnaulalasiau (Distillation of hydrogen)
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14

Tun1suanna

¥ o ol a o Py <
1. ApviAuLASavigamginiun (davanlalnsisuligaifionan 253 avdn-
O Wt o o a1 ' o TR o

\gaiBed nasnaudenoenniigamgdlu v ap 250 avAlgald@ea dentilasanie Usznau
#u Column filunasiuualngunils ivuns

2. lalasiauilgnovusSgndunnysiAannunaynda (eniudiden) devainung

' X bt PPy, AL dq ¥ ' o L oq ¥ * 3 ¥ o
maniiiyaieagunanlalasiau  detuanlalas iauilo luu3gns azn lnunsivuagul e
. . .V B . P
aquduAy q pavszuy v lnnnsinavavlalas iauluynd ua tilavanlalas iauinGa udu
L 4 . Jﬂ v . °’QJ .
anseUBunawnn q louSgnd Seendusasiunszuaunisniinudgnd idenau Senszuou
e q¥ o £

ana Inu3gnsidsnatunvun

T d Q' .

a. laTasiouil 2 31 e ortho uax para fiqumgiinevlslasauszaylugy

L4 L4 IJ 5, a of
ortho 75 W05 17U uAflay 235 avAlLTaLTed avaglugy para wnenua  nsLURBY
P 1 L . 2 .
s7n ortho wnifu para ff szmiwAalwdpusenun  (exothermic reaction)  dv
: ol P o g &
awsouil Lisnaiiasna v lalas taunvmass inenanedule  deidunisgaidelalasiau
289N
a & o ar dq ¥ o ¥ P T Lt e
4. wawdnnwnmupazgnaialaslalasiuilaSuau (Gnwdnsufiy NH, - HD
o - o A P~ 3 - o SR

plants) iilavannnisndnlalasiauiie loa" msundn D,0 vigvasvLAglazn luan

awqugy Snvazvavlsvewilfeidu Parasitic fia Avlalasisuuiddn Lo7@afi LS

sannauuardeui lyly

P : . ' .
38Ua 1 BAWUANAINDBIYA LABASZNI 1Y H2 , HD uas D2 wazA1 Rela-
. . . o P4 ] ' o ) P ¢ ¥
tive Volatility fgoil lu tisvuani Inahuau Plates mlumgefjanaviniuu uas

e o .8 LS o o oo L
U\'lﬂ"l1"ﬁ']ﬂ'3']” LUUBUDDIAIN LI BUIAAIAIL



L69600:

AU IR ' H, HD D2
Normal boiling point, * R 36.68 39.83° 52.37"°
Boiling point at 30 1lb./sq.in.abs. R = e 44,7 47.5
Vapor pressure at 40.5 R 26.12 1b./sq.in.abs.16.34 1b./sq.in.abs. 10.58 1b./sq.in.abs.
Ratio of vapor pressures at 40.5° R(HZ/HD)
= 1.598
Relative volatility (allowing for deviations from ideal solution laws me - 1. 309

ol ases & o o
A5 3.3 udavAuduifvavlalas 1auuaziafi iy
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Hydrogen-rich gas ki

depleted in deuterium, |

o ammonia plant |

B e 4 R iy~ |

| | !

{ e @—o/\/\/\h-ﬁ—' "lra }

First : - Second |

! cooling ~ Refrigeration coqing | : |

! Recycle o 1

: compressor : | :
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Exchange reactor
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Raw materials

required

Limltation on production

Location

industrial hazards

Present conditions

Scale-up experience

Materials of con
struction

Fabrication problems

Control

Estimated time to

come to equiltbrlum, days

A1s19n 3.5 uaﬂqma1mtﬂ%UUL§aLﬂ%ﬂﬂﬂaenszuqunwsnﬁn D2

Catalytic exchange’

Electrolytic hydrogen

0.8 ton per month
Cominco, Trall,

B.C.; only large
source of hydrogen
from electrolysis
of water

Hydrogen is exploslve

Experience available on

this method

Sufficlent information

to build any size plant

Copper

Normal

Easy to control

240

- Distillation of Hzg

Steam condensate

Unlimited

APreferably near

cheap source of
heat; use natural
gas of Kansas or
Texas

None

Experience available
on this method;
changes to improve
operation are known;
large investment in
these plants

Sufficlent experience
to build any size
plant

Steel

Normal

Requirea precise
control
75-100

Distillation of hydrogen

Hydrogen, preferably
with CO, COZ' and Nz
content
5-10 ions'per month
In confunction with Nﬂ3
plant preferably using
-hydrocarbon-steam
reaction as source of
s

Hydrogen is explosive;
some high-pressure’
operations

No pilot-plant data
available

No scale-up information

available
Steel

Low-temperaturs
operation would require
special ingulation and
precautians

Easy to control

0.20

&
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a/o deuterium

in stage product

Stage Moles D20 Moles hydrogen burned Value of hydrogen and oxygen
no. Hydrogen Water Deuterium product, and recycled from this ; consumed to produce incremental
(m) 100Ym 100Xm recovery P and higher stages, H AH/ AP D,0, %/Kg D,0
Feed 0.0149
1 0.00563 0.0394
2 0.0149 0.1042
3 0.0394 0.275 0.439 0.655 1550
6530 519
4 0.1042 0.7252 0.327 0.488 458
2469 196
5 0.2752 1.89 0.238 0.3542 127.6
936 74
6 8725 4.84 0.172 0.256 35.7
361 28.7
7 1.89 11.88 0.124 0.1856 10.3
59 4.7
15 9785 99,693 0.00816 0..01:22 0.0
(]
(=]

d vﬂ g » ° ar - - '5 el o »
A1519% 3.6 nsTUIUASUEANAIAIBASTUd bnd mSunisninlaTasiau 10,000 Tua Tasiubsliandn i dunanassla

(a =7, B =v.7') 15 stages



Hydrogen product = 10,000 Hydrogen burned 127.58
o A 8 y - A\ \
Moles D2 + H2 75255 14,992 546 +2 206.57 78.18 29.82 0.134
Moles D2 0.408 0.297 0.215 9.215 0.215 0.216 0.134
%D 0.00563 0.0149 0.0394 0.1042 0.2752 0.725 97.89
Burner
A A A [}
! [ \ ! | | I
| | | ) | | |
| | \ | | | !
| Stages : . : i : |
Natural water ! ‘\, | | , i : Heavy water
feed __of 2 3 L e 6 ff-= 15 SToduct
%z D 0.0149 0.0394 0.1042 0.2752 0,725 1.89 4,86 99,19 99.693
Moles
water 10,000 2,745 753 0 206.93 78.53 30.18 .70 0.492 0.3553
D20 1.49 1.082 0.785 0.569 0.569 0.570 0.569 0.488 0.3542

< . . ° o o e 6. e o -
3Un 3.7 Optimum Electrolytic Cascade s mnSunisuSaunalalnsiau 10,000 Tua wazuhwlianindunanassls
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