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THE MANUFACTVRE OF XEAVY WATER 

by ,J. 0 ,  llqaloney and E. S. R a y  
September 18, 1945 

The manufacture of plutonium is ca r r i ed  out  i n  a chain-reacting p i l e  
by t h e  absorption of slow neutrons i n  q2IJ238. These neutrons are  obtained from 
%E! f i s s i o n  ofg$Jz5. 
and m u s t  be slowed down t o  s u i t a b l e  v e l o c i t y  i n  order t o  be  absorbed t o  produce 
plutonium and t o  be e f f e c t i v e  i n  carrying on t h e  chain react ion.  This modera- 
t i o n  o f t h e  ve loc i ty  may be b e s t  achieved by c o l l i s i o n  of t h e  neutrons wi th  
mater ia l s  o f  near ly  equivalent  mass. 
b e r y l l i m ,  graphi te ,  and heavy water (deuterium oxide) a r e  e f f e c t i v e  moderators. 
Most o ther  mater ia l s  are -unsui tzble  as moderators because they absorb t h e  
nautrons and s t o p  t h e  chain reac t ion .  
var ious moderators have been sub jec t  t o  r a the r  extensive strtdy. 

The neutrons fron t h i s  f i s s ion ,  however, are f a s t  neutrons 

Such mater ia ls  as hydrogen, d e u t e r i m ,  

The problcrns o f  producing and using the  

Considerable e f f o r t  has’becn devoted t o  the  production of heavy water,  
even though t h e  piles a t  Hmford, Washington m r n  moderated wi th  graphi te  md  
only one experimental p i l e  employing h e 2 q  water has been operated. 
which have been ex tens ive ly  s tudied include d i s t i l l a t i o n  o f  hydrogen, c a t a l y t i c  
exchange Setween hydrogcn 
using 
of water. 

Uethods 

water vapor, dua l  temperature exchange procass 
hydrogen s u l f i d e  and water,  d i s t i l l a t i o n  from water, and e l e c t r o l y s i s  

In b r i e f  t h c  p r i n c i p l e s  o f  t hese  processcs a re  as fol lows:  

1. D i s t i l l a t i o n  of hydrogen. Since a t  t h e  normal b o i l i n g  point  

and s ince  these  mater ia l s  form per fec t  so lu t ions ,  it is 
of hydrogen the re  i s  a marked d i f f e rence  i n  vapor pressure between 
H2 and H3, 
poss ib ls  t o  separa te  them by f r a c t i o n a l  d i s t i l l a t i o n .  

2. Ca ta ly t i c  exchange between hydrogen and water vapor. It has 
been found t h p t  when a q i r t u r e  o f  112, Yn, and water vapor i s  passe- 
over a s u i t q b l e  platinum o r  nickt.1 c n t r l y s t ,  t he  deuterium t r a n s f e r s 3  
from ID t o  IDC. This Y!)C i-s then  absorbed i n  wntcr. By operat ion 
i n  a scrim of counterci i r rmt  towers r v i t h  , > l e c t r o l y s l s  of tho 
water b e t m e n  towers t h e  deutzriu-i  may 5s corccntratsd.  

3. Dual tem?erattu.e mchmge  Froccss using hydroZen s u l f i d e  
and water. In  t h i s  proccrs  d e u t e r i m  is s t r ipped  from R water 
stream by exchange wl th  52s 2.t t h e  hiqher  teqx.rzt: lre.  
deuterium is then removed from t h e  >I$ s t r c m  by txchmge with 
water a t  3 lower temperaturL?. 
condi t ions an enriched water s t r e w  mi.;. b, obtained. 

The 

By su i t2b la  zdjustnent of operating 

4. D i s t i l l a t i o n  o r  :vater. Since there  i s  r saall d i f fe rence  
i n  vapor pressure b e t w e n  H2@ and HUO, separzt ion may be  achieved 
bj f r x t i o n a l  d i s t i l l a t i o n  of  water. 

5 .  Zlsc t ro lys i s  of x a t e r .  Vhen water i s  elcctrglyzdd th i r$r  
i s  a concentrat ion of  d;uter ium i n  tIi(3 w?t*w. B y q a r a t i n g  on 
a countercurr n t  xi r ,cLplc ,  7 c n x e n t r n t i o n  of  deuter i im c m  
bc: x h i e v d .  bP 

u 
I 
K 
cf Three o f  thest m-oc;sses hovz btx2 used  in t h e  larqe: scr7Je commercial 

preparat ion of  h z n y  v r a t e r ;  n<m :Iy, tkc. d , s t i l l q t i o n  of r a r p t 3 - r ,  c i t 2 l y t i c  SX- 
chsnsc, - and e l p c t r o l y s i s .  W o  n l e c t r o l y t i c  T A ~ o ~  i s  uscd only 7s ;111 



2. 

o processes  t o  ob ta in  a f i n a l  concentrat ion of 99.s " 

%O* a ou 
E. I 

The Consolidatcd ?[inin& and Smelting Company, Ltd., of Cmada produces 
t 0.5 . du Pont de Memours and Company produce about 1 ton  per nonth by t h e  

d i s t i l l a t i o n  of water.  Since the  war has ended it has become necessary t o  
eva lua te  more c a r e f u l l y  t h e  d e s i r a b i l i t y  of using heavy-water moderated p i l e s .  
A major fac tor  i n  such a dec is ion  is  t h e  c o s t  of  i s o l a t i n g  t h e  hec?v;y water. 

t on  pe r  month of heavy water by t h e  c a t a l y t i c  exchange process, 2nd 

' The purpose of t h i s  r e p o r t  i s  t o  record t h e  present  c o s t  of  prepzring 
heavy water, t o  estimate t h e  base c o s t  t h a t  could be expected through improve - 
ments i n  t h e  present  processes,  t o  es t imate  t h e  c o s t  of production by methods 
not  yet operated on a f u l l  s cz l e ,  and t o  draw any genera l  conclusions which 
might a s s i s t  i n  formulating a program f o r  deuterium production, 

Conclusions - 
1. The basic cos t  information on t h e  fou r  most a t t r a c t i v e  

~ 

processes has been assembled and is  a t t a c k d .  

2. The processes  i n  t h e  o rde r  of increas ing  c o s t  pe r  ton 
of  heavy water a r e  

D i s t i l l a t i o n  o f  hydrogen - ?127,000 
C~taZy t i c  exchange - 152,000 

D i s t i l l 2 t i o n  of water - 57C,OOO 3 -  

DL1 al t emp er a t u r  e-H@ - 180,000 
\ i  

. e  

'. 2, f 
.p'- 

The c o s t  o f  t h e  hydrogcn d i s t i l l a t i o n  and t h s  hydrogen s u l f i d e  process  
a r c  estim,?tes. These c o s t s  include p l m t  investment charges of 20 
per cent  per year, The im-estricnt i s  composed 
ment costs ,  p l a n t  cons t ruc t ion  ~ ? s t s ,  and opcrating c o s t s  until t h e  
p l m t  comes t o  equilibriun. 

of r e sea rch  and develop- 

3. The c o s t  o f  prcparing heavy mater by c?talyti_c exchange csn 
probably be reduced t o  about ~ l O C ~ , O O @  per  t on  by decreasing the  losses 
o f  weter  vapor. could p?ob;lbly be  r e a l i z e d  
i n  t h e  cons t ruc t ion  o f  a new p lzn t ;  howevsr, it mas not  p m s i b l e  t o  
make r n  es t imate  o f  t h i s  F t  the? prcse?-k tima. 

Sming  i n  cclpttal  cos t  

4. A t  t h e  present  s t age  of  d e v e l o p x n t  o f  t h e  c a t a l y s t  i n  t h e  
c a t p l y t i c  exchmge process  t h e  hydrogen nus t  Sf: free fron carbon 
monoxide and s u l f u r  compourlds. Fi:rthermore wpter h ~ s  t o  be decomposed 
t o  hydrogen m d  oqFgen p t  e x h  s t age .  
method 
from water. The only s u i t a b l e  l a r g e  sc , i le  source of such hydrogen in 
t h i s  cont inent  knavm to the  authors  i s  ir, Cmada. Th? economical 
dmelopmcnt of  a s i m i 1 . x -  process i n  t h e  United S t a t e s  dozs n o t  appc-nr 
feasible,  s ince  t h e  production of  hydrogen by o t h e r  methods Furnishes 
nore thz? is  needed. 

Cmseqvently this production 
must be in t eg ra t ed  wi th  n p l m t  rmking e l e c t r o l y b i c  hydrogen 

5. The c m t  crf preparing h e ? v ~ -  m t c r  3y wpter d i s t i l l 3 t i o n  c m  
probably be reduced 
the p l a t e s  in t h e  largc. tmers. 

t o  about L'?55,012c) ger  tm  by inproved sea l ing  of 
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6. Thc opera t ing  cos t / t t on  of  D20 cxclusive of p l a n t  ia- 
vcstment charges f o r  t h e  two processcs now i n  o p o r a t i m  arc 

Ca ta ly t i c  cxchangc 52,000 
D i s t i l l a t i o n  of  water - $355,000 

7. The dec is ions  t o  employ the c a t a l y t i c  exchange and w a t e r  
d i s t i l l a t i o n  processes f o r  commercial production moro j u s t i f i o d  i n  
tlic l i g h t  o f  thc c r i t i c a l  natcrial shortages and t h e  uncor t a in t i c s  
o x i s t i n g  a t  thc t inc dec is ions  had t o  bo made. 

8. If e x i s t i n g  conpressors f r c m  closed down amrnorrirr p l an t s  
ccu ld  be made aTai lab lc  f o r  t h o  hydrogen d i s t i l l a t i o n  process, t he  
opera t ing  charges would be reduced by 15 t o  20 per  ccnt ,  

9. The p r i n c i p a l  u n c e r t a i n t i c s  i n  t h e  hydrogcn d i s t i l l a t i o n  
proccss were 

1. The amount of s o l i d  n i t rogen  depos i t ion  i n  the /- 

equipment. 
2. 

20' K. 
Th2 behavior of m a t e r i a l s  o f  cons t ruc t ion  at 

~ 

10, The p r inc ipa l  unce r t a in ty  i n  the hydrogen s u l f i d e  process 
was t h e  cor ros ion  ra t s  >f materials o f  construct ion.  

Rec omendat  ions  

1, It  i s  recoimcndcd L h t  t'cis r e p o r t  be used as a guidc i f  
add i t iona l  f a c i l i t i e s  f a r  tho prcduct ion of heavy water are planned, 

2. I t  i s  rcconmendcd %hat t h c  hyclrogoii d i s t i l l a t i o n  nethod be -- 
given pr i imry c:insideration i f  add i t iona l  prcduct ion o f  dcutcrium 
up t o  10 tons/nonth i s  rzquircd.  
rion'ch the  dual texpcrat i i rc  iiydrJ?gen s u l f i d c  ncthod should rccc ive  
primary cansiderat ion.  

- 

Far  qua:i t i t ics grcatzr t h a n  10 tons/ 

3. I t  i s  r e c o i ~ ~ e n d c d  khat S ~ ~ C  3rgmizz t io i l  be nadc respon- 
s i b l e  f o r  fol lowing a l l  clc-rrolopr.wnts i n  the product iw.  o f  hoax7 
water and f o r  invcst igxking th3 wicertLLintics whicl> ex is t  ic t h e  
more a t t r a c t i v e  but undevclopcd pr8 'ccssGs.  

4. It i s  rccornrzczldcd tht cons idera t ion  be giocn t o  obtaining 
the hydrcgcn for t h e  hydrogen d i s t i l l a t i  ,n f ra i l  e i t h e r  t h e  e l cc t ro ly -  
s i s  Gf nntcr >r the na tu ra l  g;as-stcLm reac t ion .  
p l a n t s  i n  t h o  Unitcd S t a t e s  Qpera t ing  3 3  t h c  natural gns-s tem rc- 
ackii-:i to f u r n i s h  betwccr, 5 m d  10 tons  ;If D20 per iionth. 

There exis t  cncugh 

d<tfonal facil it ies are planned. 
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