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DETERMINATION OF THE OVERALL DISTRIBUTION CONSTANT OF DEUTERIUM I N  
THE GS PROCESS FOR HEAVY WATER PRODUCTION 

Tsing-Lien Chang and Han-Tung Huang 
Department of Chemistry, Peking Univers i ty  

Peking, China 

ABSTRACT 

The o v e r a l l  d i s t r i b u t i o n  cons tan t  B of deuterium between 
mutually sa tu ra t ed  phases of water and hydrogen s u l f i d e  has  been 
experimentally determined as a func t ion  of temperature.  
measurements were made wi th  a te f lon-sea led  s t a i n l e s s  s t e e l  
exchange chamber of 500 m l  c apac i ty .  
kg/cm2, t h e  experimentally determined va lues  of 6 were 2.335, 
2.260, 1.650, and 1.586 a t  30, 35, 130, and 135'C, r e spec t ive ly .  
These r e s u l t s  a r e  i n  good agreement w i t h  t h e  corresponding 
ca l cu la t ed  va lues .  

The 

A t  a t o t a l  p re s su re  of 20 

INTRODUCTION 

I n  t h e  w e l l  known Gird ler -Sul f ide  o r  Girdler-Spevack process  

which has  held a pre-eminent p o s i t i o n  i n  t h e  production of heavy 

water (l), the  o v e r a l l  d i s t r i b u t i o n  cons tan t  B of deuterium between 

the  mutually sa tu ra t ed  phases of 

s u l f i d e  i s  of primary importance 

concent ra t ions ,  t h e  d i s t r i b u t i o n  

t h e  form 

(1 + H)(S + Kx> 

= a ( l  + S ) ( 1  + HKx) ' 

l i q u i d  water and gaseous hydrogen 

i n  p l a n t  design. A t  low deuterium 

cons tan t  can be expressed ( 2 )  i n  

where H denotes t h e  mols of water vapor per m o l  o f  gas i n  the  gas 

phase, S i s  mols of s u l f i d e  gas pe r  mol of water ,  d i sso lved  i n  
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398 CHANG AND HUANG 

t h e  l i q u i d  phase ,  a i s  t h e  r e l a t i v e  v o l a t i l i t y  of HDS compared w i t h  

H S ,  and i s  assumed t o  b e  e q u a l  t o  t h e  r e l a t i v e  v o l a t i l i t y  of HDO 

compared w i t h  H20, and Kx = [HDOIE/[HDS] 
i n d i c a t e d  d e u t e r a t e d  s p e c i e s  i n  t h e  l i q u i d  and gaseous phases .  

The p r e s e n t  s tudy  i s  d i r e c t e d  toward t h e  exper imenta l  d e t e r m i n a t i o n  

of t h e  c o n s t a n t  B a s  t h e  r a t i o  of [D] /[D] . 

2 
i s  t h e  r a t i o  of  t h e  

g 

9 . R  

EXPERIMENTAL 

Apparatus and Materials 

A s k e t c h  o f  t h e  a l l - s t a i n l e s s  steel  a p p a r a t u s  i s  d e p i c t e d  

i n  F ig .  1. It c o n s i s t s  of  t h r e e  major components. The f i r s t  of 

t h e s e  i s  a 500-ml exchange chamber (Chamber A ) .  It  is connected 

through a v a l v e  t o  t h e  second component, which i s  a g a s  sampling chamber 

(Chamber B )  of about  t h e  same c a p a c i t y .  The gas  sampling chamber 

can be connected t o  t h e  H S g e n e r a t i o n  system and can  a l s o  s e r v e  

as a r e s e r v o i r  f o r  H2S when t h e  g a s  i s  c h i l l e d  w i t h  a d r y  i c e  ba th .  
2 

I 
4 

F I G U R E  1. Sketch of t h e  a p p a r a t u s .  A ,  exchange chamber; B ,  g a s  
sampling chamber; C ,  l i q u i d  sampling chamber; T ,  thermo- 
meter s h e a t h ;  G ,  p r e s s u r e  gauge; M,  t e f l o n  membrane; 
1 , 2 , 3 , 4 ,  n e e d l e  v a l v e s  w i t h  t e f l o n  g a s k e t s .  
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DISTRIBUTION CONSTANT OF DEUTERIUM 399 

The bottom of t h e  exchange chamber l e a d s  through a v a l v e  t o  t h e  

t h i r d  component, a l i q u i d  sampling chamber (Chamber C) of 3-ml 

c a p a c i t y .  The exchange chamber is provided w i t h  a p r e s s u r e  gauge 

which i s  p r o t e c t e d  from a t t a c k  by H2S through t h e  u s e  of p a r a f f i n  

o i l  and a t e f l o n  membrane. The gauge i s  c a l i b r a t e d ,  and y i e l d s  

p r e s s u r e  v a l u e s  a c c u r a t e  t o  w i t h i n  0.2 kg/cm . The exchange 

chamber i s  thermosta ted  t o  m a i n t a i n  a set  tempera ture  t o  w i t h i n  

- +0.loC. 

a t  a p r e s s u r e  o f  30 kg/cm a t  200°C. 

2 

The a p p a r a t u s  was t e s t e d  b e f o r e  service and can  o p e r a t e  
2 

The d i l u t e  heavy w a t e r  which w a s  used conta ined  about  1 . 5  

atom % D. P r e c i s e  pycnometry y i e l d e d  r e s u l t s  a c c u r a t e  t o  w i t h i n  

- +0.01 atom % D,  w h i l e  comparat ive measurements, w i t h  a f l o a t ,  

r e s u l t e d  i n  v a l u e s  which were a c c u r a t e  t o  w i t h i n  +2 ppm D. The 

H2S g a s ,  which w a s  prepared from N a  S ,  was 98.6% p u r e ;  t h e  main 

impur i ty  w a s  GO2. 
2 

Procedure  

When t h e  a p p a r a t u s  i s  ready  f o r  use ,  valve 3 ( s e e  F ig .  1) i s  

c l o s e d ,  t h e  thermometer s h e a t h  is  screwed o f f ,  and 30 m l  o f  d i l u t e  

heavy water i s  admi t ted  by s y r i n g e .  (This  amount s u f f i c e s  f o r  

s i x  o r  seven s u c c e s s i v e  d e t e r m i n a t i o n s . )  The thermometer s h e a t h  

i s  then screwed on a g a i n .  

through e v a p o r a t i o n ,  chambers A and B are f i r s t  evacuated t o  100 

t o r r ,  and H2S admi t ted  t o  b r i n g  t h e  p r e s s u r e  back t o  760 t o r r .  

Such a procedure  i s  r e p e a t e d  u n t i l  t h e  p a r t i a l  p r e s s u r e  of  a i r  

becomes less t h a n  10 torr. Thus t h e  r e s i d u a l  a i r  c o n t r i b u t e s  

o n l y  about  0.05% i m p u r i t y  t o  the H2S g a s  a t  a p r e s s u r e  o f  20 kg/cm . 

I n  o r d e r  t o  prevent  l o s s  o f  w a t e r  

7 

Valve 2 i s  t h e n  c l o s e d ,  and chamber A h e a t e d  t o  t h e  r e q u i r e d  

A t  t h e  same t i m e ,  H2S i s  t r a n s p o r t e d  through v a l v e  1 tempera ture .  

i n t o  chamber B ,  where i t  is condensed by means of  a d r y  i c e  b a t h .  

C o l l e c t i o n  of  about  1 mol of H2S u s u a l l y  r e q u i r e s  about  20 m-in. 

T h e r e a f t e r ,  v a l v e  1 i s  c l o s e d ,  t h e  c o o l i n g  b a t h  removed, chamber B 

warmed up w i t h  a water b a t h ,  and t h e  H2S i n t r o d u c e d  i n t o  chamber A 

through valve 2 .  When t h e  r e q u i r e d  t e m p e r a t u r e  and p r e s s u r e  are  
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400 CHANG AND HUANG 

a t t a i n e d ,  v a l v e  2 i s  c l o s e d  and t h e  H2S i n  chamber B removed and 

absorbed i n t o  a s o l u t i o n  of Na2S f o r  l a t e r  use .  

The e s t a b l i s h m e n t  of  i s o t o p i c  exchange e q u i l i b r i u m  r e q u i r e s  

about  f i v e  hours .  During t h i s  t i m e ,  sampling chambers B and C 

are evacuated t o  e n s u r e  d r y n e s s ,  and two e l e c t r i c  f u r n a c e s  i n  a 

gas  handl ing  t r a i n  are brought  t o  tempera ture .  One of  t h e s e  

f u r n a c e s  sur rounds  a p o r c e l a i n  t u b e  which c o n t a i n s  Cu f o r  t h e  

convers ion  of  H S i n t o  hydrogen; t h e  hydrogen so produced i s  

subsequent ly  conver ted  t o  water i n  a CuO bed which i s  c o n t a i n e d  

i n  t h e  second f u r n a c e .  The Cu bed i s  maintained a t  700°C when 

i n  u s e ,  and t h e  CuO bed i s  h e l d  at  650°C. 

2 

A 3 - m l  l i q u i d  sample i s  taken  f i r s t ;  d u r i n g  sampling t h e  
2 p r e s s u r e  d e c r e a s e s  by only  0 . 1  t o  0.2 kg/cm . 

withdrawing a 500-ml volume of  t h e  g a s  phase r e s u l t s  i n  a p r e s s u r e  

drop of  about  7 kg/cm 

135°C. 

t i m e  per iod  so as  n o t  t o  p e r t u r b  t h e  state of  e q u i l i b r i u m  

a p p r e c i a b l y .  

admi t ted  i n t o  chamber h from chamber B ,  a s  d e s c r i b e d  above,  f o r  

t h e  n e x t  experiment .  

I n  c o n t r a s t ,  

2 2 a t  30 t o  35"C, and about  10 kg/cm a t  130 t o  

G a s  sampling i s  t h e r e f o r e  completed w i t h i n  a 5 t o  10 s e c  

An approximately e q u a l  amount of  H2S is later 

Analys is  

The l i q u i d  sample i s  f i r s t  degassed w i t h  t h e  a i d  of  a n  i c e -  

s a l t  ba th .  

by adding a few c r y s t a l s  of KMn04 u n t i l  t h e  p i n k  c o l o r  p e r s i s t s .  

A f t e r  B a O  i s  added,  t o  r e n d e r  t h e  water a l k a l i n e ,  a two-stage 

vacuum d i s t i l l a t i o n  i s  performed u n t i l  t h e  aqueous sample 

i n d i c a t e s  a s p e c i f i c  conductance of  2 x 10 ohm c m  . The H2S 

from t h e  degass ing  o p e r a t i o n  i s  conver ted  by Cu and CuO i n t o  

w a t e r ,  which i s  t h e n  s i m i l a r l y  p u r i f i e d .  These two p o r t i o n s  of 

water  are weighed s e p a r a t e l y ,  b e f o r e  be ing  combined i n  t h e  vacuum 

s t i l l .  This t o t a l ,  Water-L, r e p r e s e n t s  t h e  l i q u i d  phase i n s o f a r  

a s  t h e  deuter ium c o n c e n t r a t i o n  i s  concerned.  

The trace of d i s s o l v e d  H2S i n  t h e  water i s  o x i d i z e d  

-6 -1 -1 

On t h e  o t h e r  hand, t h e  g a s  sample is  f i r s t  passed through a 

t r a p  t h a t  is cooled  w i t h  an ice-salt mixture  t o  condense t h e  water 
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vapor .  The gas  i s  t h e n  t r a n s p o r t e d  through t h e  Cu and CuO beds  

t o  c o n v e r t  t h e  hydrogen i n  t h e  H2S t o  water. The two p o r t i o n s  o f  

water are subsequent ly  p u r i f i e d ,  weighed s e p a r a t e l y ,  and combined 

i n  t h e  vacuum s t i l l .  T h i s  water,  Water-G, r e p r e s e n t s  t h e  g a s  

phase i n  exchange e q u i l i b r i u m  a s  r e g a r d s  t h e  deuter ium c o n t e n t .  

Both Water-L and Water-G are t h e n  analyzed by t h e  tempera ture-  

p r e s s u r e  f l o a t  method, which i s  a m o d i f i c a t i o n  of t h e  tempera ture  

f l o a t  method d e s c r i b e d  p r e v i o u s l y  ( 3 ) .  A c y l i n d r i c a l  v i t r o u s  

q u a r t z  float,15-mm t a l l  and w i t h  t a p e r e d  ends ,  i s  s i t u a t e d  i n  a 

2.5-ml b o r o s i l i c a t e  g l a s s  chamber. The bottom of  t h i s  chamber i s  

c o n i c a l ,  t o  permi t  a l ignment  of  t h e  f l o a t .  The t o p  of t h e  chamber 

h a s  an e x t e n s i o n  which serves as  t h e  body of t h e  f l o t a t i o n  t u b e .  

The chamber i s  c l o s e d  by a ground g l a s s  s t o p p e r  which carries 

a c a p i l l a r y  t u b i n g  t h a t  i s  d i r e c t e d  upward t o  accommodate t h e  

expansion of  water.  A f t e r  degass ing  t h e  sample, a i r  w i l l  r e - e n t e r  

t h e  t u b e ,  b u t  i t  cannot d i f f u s e  i n t o  t h e  chamber d u r i n g  measurement. 

I n  t h e  tempera ture-pressure  f l o a t  method, t h e  p r e s s u r e  

c o e f f i c i e n t  of f l o t a t i o n  tempera ture ,  expressed  i n  OCftor r ,  i s  

f i r s t  determined f o r  a c e r t a i n  f l o a t  w i t h  i t s  d e n s i t y  s u i t a b l e  

t o  t h e  range  of deuter ium c o n c e n t r a t i o n s  o f  i n t e r e s t .  With t h e  

h e l p  of  t h i s  c o e f f i c i e n t ,  t h e  f l o t a t i o n  tempera ture  of  a c e r t a i n  

water sample can  b e  conver ted  i n t o  t h e  normal f l o t a t i o n  tempera ture ,  

t h a t  is, a t  760 t o r r ,  by a p p l y i n g  a c o r r e c t i o n  f o r  t h e  p r e s s u r e  

d i f f e r e n c e  between t h e  observed and the normal. T h i s  method is  

r a p i d ,  s i n c e  o n l y  a few minutes  are r e q u i r e d  t o  a d j u s t  a p r e s s u r e ,  

and u s u a l l y  t h r e e  d i f f e r e n t  p r e s s u r e s ,  cor responding  t o  t h r e e  

d i f f e r e n t  r i s i n g  o r  f a l l i n g  v e l o c i t i e s  o f  t h e  f l o a t ,  can f i x  

t h e  f l o t a t i o n  p r e s s u r e .  On t h e  o t h e r  hand, a d j u s t i n g  a t h e r m o s t a t  

t empera ture  would r e q u i r e  a t  least h a l f  a n  hour .  

I n  a c t u a l  p r a c t i c e ,  Water-L and Water-G are  compared w i t h  a 

s t a n d a r d  water sample. Of c o u r s e ,  a c o r r e c t i o n  f o r  t h e  Dole 

e f f e c t  ( 4 )  should  b e  a p p l i e d  t o  the amount of  water o b t a i n e d  

from t h e  CuO combustion. From t h e  thermal  expansion c o e f f i c i e n t s  

of l i g h t  and heavy water, and from t h e  normal f l o t a t i o n  
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402 CHANG AND HUANG 

temperatures, the density differences can be determined. These 

differences, in turn, can be converted into deuterium concentration 

differences. By using a bath that is thermostated to within 

- + O . O O l " C  and a mercury manometer of 6 mm bore, an accuracy of 

- +0.2 Ug/ml in density difference can be readily attained by this 

method. 

RESULTS 

Eleven measurements were made at about 30"C, and nine at 

temperatures of about 35°C. Actually, the temperatures observed 

ranged from 29.8 to 35.2"C, and the pressures ranged from 17.6  to 

20.9 kg/cm 

data yield, by means of graphic analysis, values of B at 30 and 

35°C and at 18 and 20 kg/cm 

2 2 (with one exception of 15.6  kg/cm >.  These 20 sets of 

2 pressure. 

Five measurements were made at about 130°C, and ten at 

temperatures of about 135°C. The actual temperatures ranged 

from 130 to 135.5"C, while the pressures ranged between 19.2 

and 20.8 kg/cm2 (with one exception of 1 7 . 7  kg/cm ).  

graphic treatment of these 1 5  sets of data yielded values of B 

2 Similar 

for 130 and 135°C at 20 kg/cmL. 

The final results are presented in Table 1 and are compared 

with previously calculated values (5). The agreement between the 

two sets of results is excellent. 

Table 1. Comparison of observed and calculated @values 

T, O C  30 30 35 35 130 135 

P, kgjcmL 18 20 18 20 20 20 

6(obs.) 2.2g2 2.335 2.272 2.260 1. 650 1.586 

B(ca1c .) 2.2g3 2.2g9 2.258 2.25& 1.623 1 .584  
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