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U R A N I U M  RECOVERY FROM SEAWATER BY ADSORPTION 

P . H .  Koske K .  Ohlrogge, K .  V .  Peinemann 
I n s t i t u t e  of  Applied Physics  GKSS-Forschungszentrum 
U n i v e r s i t y  Kiel  Geesthacht  GmbH 
Olshausens t r .  40 Max-Planck-Str. 
2300 Kiel  2054 Geesthacht 

ABSTRACT 

Resul t s  a r e  presented  of  a 10 weeks f i e l d  exper i -  
ment producing uranium from seawater  by t h e  so- 
c a l l e d  "adsorber- loop-concept" .  For t h e  adsorp- 
t i o n  process  polyamidoxin ( P A O )  g r a n u l a t e  has  
been used with g r a i n  s i z e s  between 0 .3  - 1 .2  mm 
d iameter .  The performance of t h e  adsorber  and t h e  
e f f i c i e n c y  of t h e  adsorp t ion  process  - espe- 
c i a l l y  wi th  regard  t o  high volume f lows of seawater  
- a r e  presented .  

I N T R O D U C T I O N  

According t o  t h e  estimates o f  t h e  I n t e r n a t i o n a l  Atomic Ener- 
gy Agency ( I A E A )  t h e  reasonably  assured  resources  ( R A R )  f o r  
t e r r e s t r i  1 uranium w i t h i n  t h e  c o s t  l i m i t  o f  130 US $/kg  U amount 
t o  2 x 10 
( E A R - I )  t o t a l  about  1 .2  x 10 t U .  To t h e s e  amounts t h e  es t imated  
a d d i t i o n a l  r e s o u r c e s  - ca tegory  11 (EAR-11; "bel ieved t o  e x i s t " )  
and t h e  s p e c u l a t i v e  r e s o u r c e s  (SR) may add s e v e r a l  m i l l i o n  t o n s  
( 1 ) .  I n  compari on he world oceans with a t o t a l  water volume of  
about  1400 x 10 an$ an average uranium c o n c e n t r a t i o n  of 3.3 
x lo-' c o n t a i n  4 . 6  x 10 
r e s o u r c e s  by a f a c t o r  of 10 . 

8 t .  The es t imated  g d d i t i o n a l  r e s o u r c e s  - ca tegory  I 

8 5  km 
t ranium, which exceeds t h e  t e r r e s t r i a l  Y 

If 1 % of t h i s  amount could be made a v a i l a b l e  f o r  t h e  use i n  
n u c l e a r  power p l a n t s  t h e  p r e s e n t l y  known r e s o u r c e s  a r e  mul t i -  
p l i e d  by a f a c t o r  o f  more than 10. Therefore  c o n s i d e r a t i o n s  about  
t h e  e x t r a c t i o n  of uranium from seawater  have been performed s i n c e  
t h e  middle f i f t i e s  and with i n c r e a s e d  i n t e n s i t y  s i n c e  1980 ( 2 , 3 )  
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1930 KOSKE, OHLROGGE, AND PEINEMANN 

Work h a s  been done i n  t h i s  f i e l d  i n  Great B r i t a i n ,  i n  t h e  Un i t ed  
S t a t e s ,  i n  J apan  and i n  t h e  F e d e r a l  Repub l i c  o f  Germany. The 
p r e s e n t  pape r  r e p o r t s  a b o u t  t h e  German a c t i v i t i e s  and t h e  r e s u l t s  
o f  f i e l d  e x p e r i m e n t s  which were performed t o  p rove  t h a t  t h e  
uranium e x t r a c t i o n  from seawater i s  t e c h n i c a l l y  f e a s i b l e .  

FUNDAMENTALS OF PROCESS E N G I N E E R I N G  

According t o  t h e  v e r y  low c o n c e n t r a t i o n  l e v e l  o f  3.3 ppb 
uranium is  c o n s i d e r e d  as a t r ace  c o n s t i t u e n t  of seawater. Its 
r e c o v e r y  from t h e  ocean  i n  a t e c h n i c a l  scale t h e r e f o r e  i s  t y p i -  
c a l l y  and a d v e r s e l y  c h a r a c t e r i z e d  by enormous vol.umes o f  water 
t h a t  have  t o  be p r o c e s s e d  i n  p r o d u c t i o n  p l g n t s .  Assuming a n  
e x t r a c t i o n  e f f i e n c y  of 0 . 5 ,  a b o u t  0 .6  x 10 t o f  seawater have  t o  
be p u t  t h r o u g h  a s u i t a b l e  r e c o v e r y  u n i t  f o r  1 kg uranium. 

Of t h e  s e v e r a l  p r i n c i p a l  p r o c e s s e s  which c o u l d  be c o n s i d e r e d  
f o r  t h e  p r o d u c t i o n  o f  uranium from seawater s u c h  as f l o t a t i o n ,  
l i q u i d  e x t r a c t i o n ,  c o p r e c i p i t a t i o n  o r  a d s o r p t i o n ,  t h e  a d s o r p t i o n  
p r o c e s s  i s  t h e  o n l y  one  which d o e s  n o t  r e q u i r e  t h e  u s e  o f  a d d i -  
t i o n a l  c h e m i c a l s  and i s  t h e r e f o r e  n o t  haza rdous  f o r  t h e  mar ine  
env i ronmen t .  I n  t h e  a d s o r p t i o n  p r o c e s s  seawater h a s  t o  be  b rough t  
i n t o  c o n t a c t  w i t h  a n  a p p r o p r i a t e  a d s o r b e r  material t h a t  acts  on  
t h e  d i s s o l v e d  uranium w i t h  a c e r t a i n  s e l e c t i v i t y  r e l a t i v e  t o  t h e  
o t h e r  e l e m e n t s  which are  p r e s e n t  i n  seawater t o o .  

It h a s  been shown i n  e x t e n s i v e  t e s t s  by d i f f e r e n t  working 
g r o u p s  i n  t h e  Un i t ed  Kingdom, Germany, J apan  and e l s e w h e r e  t h a t  
hydrous  t i t a n i u m  o x i d e  ( H T O )  and o r g a n i c  i o n  exchange r e s i n  based 
on polyamidoxim (PAO) are s u i t a b l e  a d s o r b e r  materials which c a n  
be used as g r a n u l a t e s  w i t h  g r a i n  s i z e s  a round  1 mm and smaller.  
The e s s e n t i a l  q u e s t i o n  i s  how t o  perform t h e  n e c e s s a r y  c o n t a c t  
between t h e  a d s o r b e r  g r a n u l a t e  and seawater. 

The s t a n d a r d  way i n  chemica l  p r o c e s s  e n g i n e e r i n g  i s  t h e  u s e  
of e i t h e r  " f i x e d "  or " f l u i d i z e d "  a d s o r b e r  beds  t h r o u g h  which t h e  
seawater i s  pumped. F ixed  beds  as i n  i o n  exchange columns r e q u i r e  
r a t h e r  h i g h  e n e r g y  f o r  t h e  water f l o w  e s p e c i a l l y  a t  h i g h e r  flow 
v e l o c i t i e s  because  of t h e i r  h i g h  h y d r a u l i c  r e s i s t a n c e .  I n  f l u i -  
d i z e d  beds  t h e  e n e r g y  r e q u i r e m e n t s  a r e  c o n s i d e r a b l y  smaller b u t  
t h e  ups t r eam water v e l o c i t y  i s  l i m i t e d  by t h e  s i n k i n g  v e l o c i t y  o f  
t h e  a d s o r b e r  g r a i n s  i n  o r d e r  t o  a v o i d  a f l u s h i n g  o f  t h e  bed 
l a y e r .  Both c o n c e p t s  have been t r e a t e d  i n  s e v e r a l  p u b l i c a t i o n s  
and p r e s e n t a t i o n s  w i t h  r e g a r d  t o  t h e  d e s i g n  o f  a t e c h n i c a l  pro- 
d u c t i o n  p l a n t  f o r  seawater uranium (4 -12 ) .  

Because o f  t h e  h i g h  water volumes t o  be p r o c e s s e d  on one 
hand and t h e  low water v e l o c i t i e s  t h r o u g h  t h e  a d s o r b e r  bed c o n f i -  
g u r a t i o n  on t h e  o t h e r  r a t h e r  large bed areas are c o n s e q u e n t l y  
r e q u i r e d  which i n  t u r n  i n c r e a s e s  t h e  costs  of i n v e s t m e n t  fo r  t h e  
p l a n t .  
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URANIUM RECOVERY FROM SEAWATER 1931 

For a more q u a n t i t a t i v e  d i s c u s s i o n  of t y p i c a l  s p e c i f i c a t i o n s  
and main d imens ions  o f  a t e c h n i c a l  p r o d u c t i o n  p l a n t  f o r  seawater 
uranium a few e q u a t i o n  w i l l  be  d i s c u s s e d  i n  o r d e r  t o  i d e n t i f y  
a d s o r b e r  dependen t  p r o p e r t i e s  t h a t  i n f l u e n c e  and d e t e r m i n e  t h e  
p l a n t  l a y  o u t .  

It is o b v i o u s  t h a t  t h e  p r o d u c t i o n  r a t e  P of a p l a n t  depends  
on t h e  mass o f  seawater p r o c e s s e d  i n  t h e  p l a n t  and t h e  a d s o r p t i o n  
e f f i c i e n c y ,  d e f i n e d  as r a t i o  o f  adsorbed uranium t o  t o t a l  uranium 
t r a n s p o r t e d  t h r o u g h  t h e  a d s o r p t i o n  u n i t .  

P = V p c rl 24 ( 1 )  

w i t h  P : p r o d u c t i o n  ra te  o f  t h e  p l a n t  o r  
p r o d u c t i o n  p e r  u n i t  time ( I d )  

3 V : volume f low o f  seawater ( m  Ih)  
p : d e n s i t y  of seawater (1.028 t / m  ) 
c : r e l a t i v e  mass c o n c e n t r  t i o n  o f  uranium 

i n  seawater (3.3 x 10 ) 
r l  : a d s o r p t i o n  e f f i c i e n c y ;  r a t i o  of adso rbed  

uranium t o  t o t a l  uranium t r a n s p o r t e d  
t h r o u g h  t h e  a d s o r p t i o n  u n i t  

5 

-3 

For a g i v e n  p r o d u c t i o n  r a t e  o f  uranium t h e  n e c e s s a r y  water 
f l o w  can  be c a l c u l a t e d  from t h e  r e a r r a n g e d  e q u a t i o n  ( 1 )  

With t h e  f low v e l o c i t y  w of t h e  seawater i n  t h e  cross sec- 
t i o n  F of t h e  a d s o r b e r  bed t h e  volume flow can  be c a l c u l a t e d  
a c c o r d i n g  t o  

V = F . w . 3600 ( 2 )  

w i t h  3 F = area o f  t h e  a d s o r b e r  bed ( m  ) 
w = s u p e r f i c i a l  v e l o c i t y  o f  seawater 

i n  t h e  a d s o r b e r  bed ( m l s ) ;  f o r  t h e  
c a l c u l a t i o n  o f  w t h e  cross s e c t i o n  
F is assumed t o  be empty and n o t  
d i m i n i s h e d  by g r a n u l a t e  p a r t i c l e s .  

Rearranged for  F e q u a t i o n  ( 2 )  reads 

V 
w 3600 F =  

With t h e s e  eaua t ions -$he  r e q u i r e d  seawater f l o w  f o r  a pro-  
d u c t i o n  ra te  of 2 .74 x 10 t Uld (which c o r r e s p o n d s  t o  an  a n u a l  
p r o d u c t i o n  o f  1 t uranium a t  100 % p l a n t  a v a i l a b i l i t y )  can  b e  
c a l c u l a t e d  as f u n c t i o n  o f  t h e  a d s o r p t i o n  e f f i c i e n c y  a c c o r d i n g  t o  
( l a ) ,  and t h e  r e s u l t i n g  bed area i n  t u r n  can  be d e t e r m i n e d  i n  
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1932 KOSKE, OHLROGGE, AND PEINEMANN 

rl 

Tab le  1 :  Seawa te r  f l o w  V as f u n c t i o n  o f  t h e  a d s o r p t i o n  e f f i c i e n c y  
I bed area F as  f u n c t i o n  o f  seawater f low V and s awater 

v e l o c i t y  w ( f o r  a p r o d u c t i o n  ra t  P = 2.74 x 10 -5 t U / d )  

0.3 0.5 0.6 0.7 0.8 1 .o 

rn37h) I 112300 67300 56200 48200 42100 33500 

W 

(m/s) 

0.01 

0.05 

0.10 

0.20 

0.30 

0.40 

0.50 

31 20 1870 1560 1330 1170 930 

624 374 312 266 234 186 

31 2 187 156 133 117 93 

156 94 78 67 59 47 

104 62 52 44 39 31 

78 47 39 33 29 23 

62 37 31 27 23 19  

dependence of t h i s  volume f l o w  and t h e  seawater v e l o c i t y  i n  t h e  
bed a c c o r d i n g  t o  ( 2 a ) .  Some r e s u l t s  o f  t h e s e  c a l c u l a t i o n s  a r e  
p r e s e n t e d  i n  T a b l e  1 .  The combina t ion  of a n  a d s o r p t i o n  e f f i c i e n c y  
o f  0 .3  and a seawat r v e l o c i t y  o f  0.01 m/s r e s u l t s  i n  a bed area 
of more t h a n  3000 m wherea? c o r r s p o n d i n g  f i g u r e s  o f  0 .7  and 0.40 
m/s  r e q u i r e  o n l y  a b o u t  30 m o f  bed a r ea ,  bo th  f o r  an  a n u a l  
p r o d u c t i o n  o f  1 t U .  

5 

The a d v a n t a g e s  o f  r a t h e r  h i g h  seawater v e l o c i t i e s  i n  t h e  
a d s o r p t i o n  u n i t  are o b v i o u s  w i t h  r e g a r d  t o  p l a n t  d imens ions  and 
l a y  o u t .  Because o f  t h e i r  d r a s t i c  l i m i t a t i o n s  w i t h  r e s p e c t  t o  
f l o w  v e l o c i t y  t h e  c l a s s i c a l  bed c o n f i g u r a t i o n s  o f  e i t h e r  f i x e d  o r  
f l u i d i z e d  a d s o r b e r  beds c a n n o t  be r e g a r d e d  as  s u c c e s s f u l  so- 
l u t i o n s  f o r  t h e  c o n t a c t  p r o c e s s .  T h e r e f o r e  a new c o n c e p t  h a s  been 
t e s t e d  f o r  t h e  c o n t a c t  between a d s o r b e r  and seawater which w i l l  
b e  p r e s e n t e d  i n  somewhat more d e t a i l  i n  t h e  f o l l o w i n g  s e c t i o n .  
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URANIUM RECOVERY FROM SEAWATER 1933 

F i g .  1: a )  Exper imen ta l  l o o p  b )  T e c h n i c a l  l o o p  

ADSORBER LOOP CONCEPT 

The a d s o r b e r  l o o p  c o n c e p t  h a s  been deve loped  t o  u s e  s t a n -  
d a r d ,  commerc ia l ly  a v a i l a b l e  PA0 a d s o r b e r  g r a n u l a t e  w i t h  a g r a i n  
s i z e  0 . 3  - 1.2 mm d i a m e t e r  and a d e n s i t y  of 1 . 1  t / m 3 .  The s i n k i n g  
v e l o c i t y  o f  t h i s  g r a n u l a t e  i s  i n  t h e  o r d e r  o f  a few c e n t i m e t e r s  
p e r  s econd  and t h e r e f o r e  t h e  material canno t  be used i n  a s t a n -  
d a r d  f l u i d i z e d  bed a t  h i g h e r  ups t r eam v e l o c i t i e s .  The new concep t  
is based  on a l o o p  l i k e  d e s i g n  of t h e  a d s o r p t i o n  u n i t  ( 1 3 )  and 
s h a l l  be e x p l a i n e d  w i t h  h e l p  o f  f i g u r e  l a .  

A t  t h e  s t a r t  of  t h e  p r o c e s s  t h e  a d s o r b e r  g r a n u l a t e  i s  s t o r e d  
i n  t h e  s e p a r a t i o n  volume 1 .  The seawater flow e n t e r s  t h e  l o o p  
sys t em t h r o u g h  a d i f f u s o r  2 ,  which a c t s  p a r t l y  as  a suct ion-pump.  
A t  t h e  o u t l e t  of t h e  d i f f u s o r  t h e  seawater is mixed w i t h  t h e  
a d s o r b e r  g r a n u l a t e  coming from above.  After h a v i n g  a r r i v e d  a t  t h e  
t o p  o f  t h e  l o o p  t h e  f l o w  is  d i v e r t e d  downward back t o  t h e  s e p a r a -  
t i o n  volume,  where t h e  g r a n u l a t e  s u s p e n s i o n  i s  s e p a r a t e d ,  w i th  
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1934 KOSKE, OHLROGGE, AND PEINEMANN 

t h e  d e p l e t e d  seawater l e a v i n g  a t  t h e  t o p  and t h e  a d s o r b e r  g ranu-  
l a t e  c o l l e c t i n g  i n  t h e  s e d i m e n t a t i o n  cone from where it is, by 
g r a v i t y  and s u c t i o n ,  added t o  and mixed w i t h  t h e  e n t e r i n g  seawa- 
ter a g a i n .  

The p r i n c i p a l  f l o w  scheme o f  t h e  e x p e r i m e n t a l  l o o p  i n  f i g u r e  
la  h a s  been s l i g h t l y  changed and a d a p t e d  t o  p l a n t  a p p l i c a t i o n s  i n  
f i g u r e  l b .  Here i n  t h e  t e c h n i c a l  l o o p  t h e  seawater f low a g a i n  
e n t e r s  t h e  l o o p  sys t em th rough  a d i f f u s o r  l i k e  c h a n n e l ,  is mixed 
w i t h  g r a n u l a t e  from above and d i v e r t e d  downward.The d i r e c t i o n  o f  
t h e  s e a w a t e r l g r a n u l a t e  m i x t u r e  i s  changed from downward t o  upward 
f l o w  a t  t h e  c o n e  shaped  bottom o f  t h e  l o o p .  After h a v i n g  a r r i v e d  
a t  t h e  t o p  t h e  f l o w  i s  slowed down and d i v e r t e d  h o r i z o n t a l l y .  The 
g r a n u l a t e  s u s p e n s i o n  i s  s e p a r a t e d  i n  t h i s  p a r t  o f  t h e  l o o p ,  a g a i n  
w i t h  t h e  d e p l e t e d  seawater l e a v i n g  a t  t h e  t o p  and t h e  a d s o r b e r  
g r a n u l a t e  c o l l e c t i n g  i n  t h e  s e d i m e n t a t i o n  cone.  

A s  can be e x p e c t e d  from F i g u r e  1 seawater v e l o c i t i e s  a r e  
r e q u i r e d  i n  t h e  l o o p  t h a t  are c o n s i d e r a b l y  h i g h e r  t h a n  t h e  s i n -  
k i n g  v e l o c i t y  o f  t h e  suspended PAO-granulate i n  o r d e r  t o  a v o i d  
d e p o s i t i o n  o f  t h e  material  a t  t h e  bot tom. I t  h a s  been de te rmined  
e x p e r i m e n t a l l y  t h a t  v e l o c i t i e s  i n  t h e  o r d e r  o f  0 .10 m/s are  wel l  
s u i t e d  t o  keep  t h e  s u s p e n s i o n  flow i n  c i r c u l a t i o n .  An uppe r  l i m i t  
f o r  t h e  water f l o w  can be d e r i v e d  from t h e  h y d r o s t a t i c  head which 
i s  r e q u i r e d  f o r  h i g h e r  f l o w  rates and from t h e  need f o r  r a t h e r  
s low motion a t  t h e  t o p  i n  o r d e r  t o  accompl i sh  a n  e f f e c t i v e  sepa -  
r a t i o n  o f  seawater and g r a n u l a t e .  It h a s  been shown i n  s e v e r a l  
e x p e r i m e n t s  t h a t  an h y d r o s t a t i c  h e i g h t  o f  less t h a n  1 m is s u f f i -  
c i e n t  t o  p r o v i d e  f l o w  v e l o c i t i e s  of 0.40 m / s  w i t h i n  t h e  l o o p .  

With r e g a r d  t o  t h e  a d s o r p t i o n  behav iour  such  a l o o p  u n i t  can  
be compared w i t h  a f l u i d i z e d  bed. Though t h e  a d s o r b e r  g r a n u l a t e  
i s  c a r r i e d  a l o n g  w i t h  t h e  seawater f l o w  i n  t h e  l o o p ,  because  o f  
t h e i r  h i g h e r  d e n s i t y  t h e  p a r t i c l e s  do move r e l a t i v e l y  t o  t h e  
s u r r o u n d i n g  water: t h e y  are d r a g g i n g  behind d u r i n g  upward flow 
and are  moving ahead on t h e  way down. T h i s  r e l a t i v e  v e l o c i t y  o f  
a b o u t  1.5 cm/s i s  comparable  t o  t h e  r e l a t i v e  motion i n  a f l u i -  
d i z e d  g r a n u l a t e  l a y e r  where t h e  p a r t i c l e s  are  s t a t i o n a r y  and t h e  
water i s  p a s s i n g  by. 

According t o  t h i s  p r o c e s s  s i m i l a r i t y  a d s o r p t i o n  i n  l o o p  
u n i t s  s h o u l d  g i v e  similar r e s u l t s  as i n  f l u i d i z e d  b e d s ,  i f  t h e  
l o o p s  are hand led  p r o p e r l y .  T h i s  means t h a t  t h e r e  s h o u l d  n e i t h e r  
t o o  much d e p l e t e d  seawater t o g e t h e r  w i t h  t h e  g r a n u l a t e  be  re- 
c y c l e d  and remixed w i t h  t h e  e n t e r i n g  seawater i n  o r d e r  t o  a v o i d  a 
r e d u c t i o n  of t h e  uranium c o n c e n t r a t i o n  n o r  t h e  g r a n u l a t e  be  
s t o r e d  t o o  l o n g  i n  t h e  s e d i m e n t a t i o n  cone and t h u s  k e p t  f rom 
b e i n g  l o a d e d .  

The two c r i t i ca l  p a r a m e t e r s  f o r  t h e  a d s o r b e r  l o o p  c o n c e p t  
a r e  t h e  volume m i x t u r e  r a t i o  ( g r a n u l a t e  volume t o  l o o p  volume) 
and t h e  c o n t a c t  t ime.  Both c a n  be a d j u s t e d  e a s i l y  w i t h i n  a wide 
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U R A N I U M  RECOVERY FROM SEAWATER 1935 

r a n g e ,  t h e  fo rmer  by a d d i n g  or s u b t r a c t i n g  g r a n u l a t e  material ,  
t h e  l a t t e r  by v a r y i n g  t h e  l o o p  h e i g h t .  So f o r  a c o n t a c t  time of 8 
s e c o n d s  a l o o p  h e i g h t  o f  3.0 t o  4 .0  m i s  r e q u i r e d  w i t h  a seawater 
v e l o c i t y  of 0.40 m / s .  

ANALYTICAL PROCEDURES 

Befo re  i n  t h e  f o l l o w i n g  t h e  conduc ted  f i e l d  t r i a l s  and t h e i r  
r e s u l t s  are d e s c r i b e d  some i n f o r m a t i o n  s h a l l  be p r e s e n t e d  a b o u t  
t h e  a n a l y t i c a l  methods and p r o c e d u r e s  which were used d u r i n g  t h e  
e x p e r i m e n t s  and on which t h e  c o l l e c t e d  d a t a  are  based .  

To d e t e r m i n e  t h e  amount of  adso rbed  uranium th roughou t  t h e  
e x p e r i m e n t  a d s o r b e r  g r a n u l a t e  s amples  were t a k e n  two times a 
day .  The sampl ing  had t o  be  c a r r i e d  o u t  v e r y  c a r e f u l l y  i n  o r d e r  
t o  o b t a i n  a r e p r e s e n t a t i v e  g r a i n  s i z e  d i s t r i b u t i o n .  The uranium 
c o n t e n t  o f  t h e  samples  was a n a l y z e d  i n  a small f i e l d  l a b o r a -  
t o r y  u s i n g  t h e  s p e c t r o p h o t o m e t r i c  method o f  d e t e r m i n a t i o n  o f  
h e x a v a l e n t  uranium w i t h  a r s e n a z o  111. T h i s  method had been adop- 
t e d  t o  t h e  s p e c i a l  r e q u i r e m e n t s  and s h a l l  be d e s c r i b e d  b r i e f l y .  

After d r y i n g  a t  110 C t h e  a d s o r b e r  material ( a b o u t  0 .5  g 0 

c o n t a i n i n g  n o t  more t h a n  1001 g o f  U) is weighed i n t o  a small 
p o r c e l a i n e  c r u c i b l e  and t h e n  i n c i n e r a t e d  a t  a b o u t  1000 OC.  The 
unburned r e s i d u e  c o n t a i n i n g  t h e  uranium is t h e n  d i s s o l v e d  i n  2 rnl 
c o n c e n t r a t e d  n i t r i c  a c i d .  With t h e  a i d  o f  20 m l  o f  s a l t i n g -  
o u t  s o l u t i o n  ( aqueous  s o l u t i o n  of 80 % ammonia n i t r a t e  and 1% 
EDTA) t h e  d i s s o l v e d  r e s i d u e  i s  c a r r i e d  ove r  i n t o  a s e p a r a t i o n  
f u n n e l .  After a d j u s t i n g  t h e  s o l u t i o n  t o  pH 1 w i t h  c o n c e n t r a t e d  
ammonia 20 m l  e x t r a c t i o n  s o l u t i o n  (20 % t r i b u t y l  phospha te  i n  
t o l u e n e )  are added and t h e  s o l u t i o n  i s  t h e n  shaken f o r  t e n  
m i n u t e s .  A f t e r  phase  s e p a r a t i o n  t h e  aqueous  phase  i s  d i s c a r d e d  
and t h e  o r g a n i c  e x t r a c t  is washed by s h a k i n g  w i t h  two 
p o r t i o n s  (10 m l  e a c h )  of wash s o l u t i o n  ( 6 5  % ammonia n i t r a t e ,  0 . 5  
% EDTA, a d j u s t e d  t o  pH2) f o r  a few seconds .  F i n a l l y  25 m l  
b u f f e r e d  Arsenazo I11 s o l u t i o n  (0 .06  % Arsenazo 111, 0.9 % sodium 
h y d r o x i d e  and 3 % monochloro acet ic  a c i d )  are added and t h e  
uranium is e x t r a c t e d  from t h e  o r g a n i c  phase by s h a k i n g  f o r  t h r e e  
m i n u t e s .  After 45 m i n u t e s  t h e  e x t i n c t i o n  is measured a t  655 
nm a g a i n s t  a r e a g e n t  b l a n k .  

F I E L D  TRIALS AND RESULTS 

I n  o r d e r  t o  t e s t  t h e  performance of t h e  newly deve loped  
l o o p  c o n c e p t  and t o  e s t a b l i s h  t h e  s u i t a b l e  p r o c e s s  p a r a m e t e r s  a 
f i e l d  expe r imen t  was d e s i g n e d  f o r  a working time o f  a b o u t  two 
months w i t h  a nominal  p l a n t  c a p a c i t y  of 1 k g  U/yea r .  The e x p e r i -  
men ta l  s e t - u p  c o n s i s t e d  o f  4 l o o p s  w i t h  t h e  approx ima te  dimen- 
s i o n s  0.4 m x 0.5 m i n  c r o s s  s e c t i o n  and a h e i g h t  of 4.0 m .  Each 
l o o p  had a p r o c e s s  volume of 800 1 and c o u l d  be s u p p l i e d  w i t h  
seawater by i ts  own pump. 
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19 36 KOSKE, OHLROGGE, m n  PEINEMANN 

Figure  2: Top view of  t h e  loop f l o a t  

A l l  4 loops  were suspended from a f l o a t i n g  p la t form with 
dimensions 8 m x 5 m ( F i g u r e  2) and were operated i n  p a r a l l e l .  
A s  can be seen from Figure  3 t h e  4 loops  a r e  immersed i n  t h e  
sur rounding  seawater  and suspended wi th  t h e i r  head p a r t s  from t h e  
f l o a t .  Therefore  t h e r e  i s  n e a r l y  no h y d r o s t a t i c  head t o  be 
s u p p l i e d  by t h e  pumps b e s i d e s  t h e  f r i c t i o n a l  l o s s e s  i n s i d e  t h e  
l o o p s .  The seawater  flow through each loop  was i n  t h e  order  o f  15 
- 20 m / h ,  and t h i s  flow was c o n t a c t e d  and processed with about  
240 1 of adsorber  g r a n u l a t e  (PAO) i n  each loop.  

3 

The f i e l d  t r i a l s  were performed i n  c l e a r  ocean water with 
very low suspended matter and a t  tempera tures  between 23 and 
3OoC. Elevated temperatures  a r e  advantageous f o r  t h e  adsorp t ion  
r a t e  a s  has  been shown i n  s e p a r a t e  s t u d i e s .  

The s i g n i f i c a n t  experimental  d a t a  f o r  t h e s e  r u n s  a r e  summarized 
i n  Table 2 .  

The r e s u l t s  of t h e s e  experiments  are shown i n  F igures  4 and 
5.  In F igure  4 t h e  i n c r e a s e  of  t h e  uranium c o n c e n t r a t i o n  on t h e  
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URANIUM RECOVERY FROM SEAWATER 1937 

t t 

F 

F i l  

F i g u r e  3: S ide  view o f  t h e  f l o a t  w i t h  4 a d s o r b e r  l o o p s  

a d s o r b e r  g r a n u l a t e  is shown i n  dependence o f  t h e  e l a p s e d  time of 
t h e  expe r imen t .  The r e s u l t  o f  a l l  4 l o o p s  have been p l o t t e d  
t o g e t h e r  which i n  p a r t  i s  r e s p o n s i b l e  f o r  a c e r t a i n  s c a t t e r i n g  o f  
t h e  d a t a .  A s  can be s e e n  from t h e  p l o t  a f t e r  abou t  46 days  o f  
o p e r a t i o n  (1100 h )  a uranium c o n c e n t r a t i o n  of  abou t  190 ppm h a s  
been a n a l y s e d  on t h e  a d s o r b e r .  With a n  a d s o r b e r  mass i n  p r o c e s s  
o f  190 kg pe r  l o o p  t h i s  e q u a l s  an  uranium amount o f  36.1 g p e r  
l o o p  or a t o t a l  o f  144.4 g (4 x 36.1 g) uranium. 

I n  F i g u r e  5 t h e  i n c r e a s e  o f  t h e  uranium c o n c e n t r a t i o n  on 
t h e  a d s o r b e r  g r a n u l a t e  h a s  been shown as f u n c t i o n  o f  t h e  p roces -  
s e d  seawater, a g a i n  f o r  a l l  4 l o o p s  t g e t h e r .  The c o r r e s p o n d i n g  
d a t a  are I90 ppm uranium and $0 000 m seawater a c c o r d i n g  t o  a n  
a v e r a g e  seawater f l o w  o f  18 rn / h  t h r o u g h  e a c h  l o o p .  On t h e  b a s i s  
o f  3.3 ppb f o r  t h e  uranium c o n c e n t r a t i o n  i n  seawater 20 000 t o f  
seawater r e p r e s e n t  66 g uranium, t h u s  r e s u l t i n g  i n  an  a d s o r p t i o n  
e f f i c i e n c y  of 0,55 (36.1 g U adso rbed  r e l a t i v e  t o  66 g U t r a n s p o r -  
t e d  th rough  1 l o o p ) .  After a t o t a l  p r o c e s s  time o f  70 days  and an 
uranium c o n c e n t r a t i o n  on t h e  a d s o r b e r  o f  a b o u t  250 ppm t h e  expe-  
r i m e n t  was s t o p p e d .  The loaded  a d s o r b e r  material was e l u t e d  by 
Urane rz  Bonn GmbH, a company w i t h  e x p e r i e n c e  i n  uranium prospec-  
t i o n  and mining.  A t o t a l  o f  120 g U as  ye l low cake  has  been 
p r e p a r e d  as f i n a l  r e s u l t  o f  t h i s  f i e l d  t r i a l .  The d i f f e r e n c e  
between t h e  t h e o r e t i c a l  y i e l d  and t h i s  v a l u e  is  due t o  t h e  e l u t i o n  
e f f i c i e n c y  (0.81, t o  a r e s i d u e  c o n c e n t r a t i o n  on t h e  e l u t e d  PAO- 
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F i g u r e  4: I n c r e a s e  o f  t h e  uranium c o n c e n t r a t i o n  on t h e  a d s o r b e r  
g r a n u l a t e  as f u n c t i o n  of time ( f o r  a l l  4 l o o p s )  

T a b l e  2: S i g n i f i c a n t  e x p e r i m e n t a l  p a r a m e t e r s  and d a t a  f o r  t h e  
f i e l d  t r i a l s  wi th  a d s o r b e r  l o o p s  

Number o f  a d s o r b e r  l o o p s  
Amount of a d s o r b e r  material p e r  l o o p  : 
S e a  water f low I a v e r a g e  f low 
D u r a t i o n  o f  t h e  expe r imen t  

T o t a l  p r o c e s s e d  seawater p e r  l o o p  : 
Uranium c o n c e n t r a t i o n  on t h e  a d s o r b e r :  
T o t a l  uranium e x t r a c t i o n  ( p e r  l o o p )  : 
T o t a l  uranium c o n t e n t  i n  t h e  pro- 
c e s s e d  seawater ( p e r  l o o p )  
Over a l l  a d s o r p t i o n  e f f i c i e n c y  

4 
190 kg  1 24031 
15-20 I l a  m / h  
1647 - 1672 h 
6 8 , 6  - 6 9 , 7  d )  
28.900 - 31.100 m 
245 - 266 ppm 
4 8 , 5  g 

99 g 
0 ,49  
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F i g u r e  5: I n c r e a s e  of t h e  uranium c o n c e n t r a t i o n  on t h e  a d s o r b e r  
g r a n u l a t e  as f u n c t i o n  of t h e  p r o c e s s e d  seawater 

g r a n u l a t e  (20 % or  50 ppm) and some s p a r e  material which was n o t  
e l u t e d .  

Based on t h e s e  f i g u r e s  t h e  a n u a l  p r o d u c t i o n  c a p a c i t y  of  t h i s  
s e m i - t e c h n i c a l  p l a n t  is a b o u t  1 kg U i n  a c c o r d a n c e  w i t h  t h e  o r i g i -  
n a l  d e s i g n  c r i t e r i a  for t h i s  expe r imen t .  It shou ld  be p o i n t e d  o u t  
however t h a t  f o r  l o n g e r  p e r i o d s  o f  o p e r a t i o n  t h e  a d s o r b e r  material  
h a s  t o  be exchanged because  o f  a d e c l i n e  i n  a d s o r p t i o n  ra te .  
Though t h e  i n c r e a s e  i n  U-concen t r a t ion  seems t o  be  l i n e a r  i n  F i g .  
4 and 5 up t o  200 ppm t h e  l o a d i n g  ra te  i s  reduced  a t  h i g h e r  con- 
c e n t r a t i o n s  around 250 ppm ( o v e r a l l  a d s o r p t i o n  e f f i c i e n c y  0 , 4 9 ; s e e  
T a b l e  2 )  which recommends an  exchange o f  t h e  a d s o r b e r  mater ia l .  

CONCLUSIONS 

It h a s  been shown t h a t  t h e  e x t r a c t i o n  o f  d i s s o l v e d  uranium 
from seawater by a d s o r p t i o n  i s  t e c h n i c a l  f e a s i b l e ,  i f  s u i t a b l e  
a d s o r b e r  material i s  a v a i l a b l e .  With PAO-granulate an  a d s o r p t i o n  
e f f i c i e n c y  of 55 % h a s  been accompl i shed  w i t h o u t  o p t i m i z a t i o n  o f  
t h e  r e l e v a n t  p r o c e s s  p a r a m e t e r s .  
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1940 KOSKE, OHLROGGE, AND PEINEMANN 

Because o f  t h e  new l o o p  c o n c e p  f o r  t h e  a d s o r p t i o n  p r o c e s s  a 
t o t a l  p l a n t  area o f  a b o u t  8 m and a t o t a l  p l a n t  volume o f  abou t  
3 . 5  m3 i s  s u f f i c i e n t  t o  produce 1 kg uranium pe r  y e a r  from seawa- 
t e r .  

For  a t e c h n i c a l  p r o d u c t i o n  p l a n t  a sh ip -based  concep t  can  
be  d e s i g n e d  i n  which t h e  d e s c r i b e d  a d s o r b e r  l o o p s  a r e  a d a p t e d  t o  
t h e  h u l l  of  t h e  v e s s e l .  Thus a s h i p  w i t h  t h e  d imens ions  300 rn 
l e n g t h  and 35 m beam cou ld  ho ld  a p r o d u c t i o n  p l a n t  f o r  seawater 
uranium w i t h  an a n u a l  c a p a c i t y  of 100 t U. 
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