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SEPARATION SCIENCE AND TECHNOLOGY, 22(2&3). PP. 997-1015.1987 

CSA Continuous Countercurrent Ion Exchange (CCIX) Technology 

IRWIN R. HIGGINS and MARK S. DENTON 

CSA, INC. 
P. 0. BOX 340 
140 MITCHELL ROAD 
OAK RIDGE, TENNESSEE 37830 

ABSTRBCT 

The CSA-CCIX concept  s t a r t e d  a t  ORNL i n  1951. 
adapted t o  a wide v a r i e t y  o f  a p p l i c a t i o n s  worldwide, i n  water 
and waste water t r e a t m e n t ,  f e r t i l i z e r s ,  hydrometal  l u r g y ,  and 
g e n e r a l  chemica l  processing.  Unique features and how i t  works 
are descr ibed .  Two extreme a p p l i c a t i o n s  are descr ibed  i n  de- 
t a i l .  One i s  f o r  t h e  e x t r a c t i  n o f  trace amounts o f  uranium 

high throughput  rates are emphasized. The o t h e r  is for  Acid 
Retarda t ion ,  where a s t r o n g  a c i d  waste is  p u r i f i e d  and recov-  
ered. The feed  process ing  ra te  h e r e  is much lower t h a n  t h e  
r e s i n  r a t e .  

It h a s  been 

from a copper  leach, at 37.85~1 s /min (10,000 gpm) where v e r y  

INTRCJDUCTION 

The CSA-CCIX system h i s t o r ' c  l l y  s t a r t e d  a t  ORNL i n  1951 and 
was first r e p o r t e d  i n  ORNL-1310t1'. There has  been c o n t i n u a l  de- 
velopment  and a p p l i c a t i o n  s i n c e  t h a t  time. T h i s  CCIX system is 
a d a p t a b l e  t o  a wide v a r i e t y  o f  a p p l i c a t i o n s  t h a t  push t h e  limits o f  
th roughput  ra te ,  s o l u t i o n  d e n s i t y ,  and extremes of f l o w  r a t i o s  o f  
s o l u t i o n - t o - r e s i n .  The purpose of t h i s  paper  is t o  p o i n t  o u t  t h e s e  
unique f e a t u r e s  and d e s c r i b e  how t h e  system works. 

Two examples are chosen t h a t  i l l u s t r a t e  t h e s e  p h y s i c a l  ex- 
tremes. One is t h e  e x t r a c t i o n  of uranium t h a t  occurs  i n  trace 
amounts i n  a s t a n d a r d  s u l f a t e  l e a c h  of low g r a d e  copper  ore t a i l -  
ings.  I n  t h i s  case t h e  feed-to-resin f low r a t i o  is about  500. 
Emphasis is p l a c e d  on maximized throughput  ra te ,  r i g h t  up t o  a 
p r a c t i c a l  l i m i t  of p r e s s u r e  drop. The o b j e c t i v e  is t o  minimize 
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998 HIGGINS AND DENTQN 

equipment s i z e  or cost. Even t h e n  t h e  equipment is v e r y  large 
due t o  t h e  enormous volumes and v e r y  low l e v e l s  o f  uranium. 

The o t h e r  example a p p l i c a t i o n ,  c a l l e d  "Acid Retardat ion",  
demands o p e r a t i o n  i n  a v e r y  dense s o l  t ' o n  where t h e  feed- to- res in  
flow r a t i o  is sometimes as low as 0.J2'. 
example o f  an i o n  exchange system t h a t  must b e  run  i n  a cont inuous  
c o u n t e r c u r r e n t  f l o w  system t o  be p r a c t i c a l .  The  e f f i c i e n c y  i n -  
creases wi th  s o l u t i o n  s t r e n g t h .  The h i g h e r  t h e  a c i d  c o n c e n t r a t i o n  
t h e  lower t h e  s o l u t i o n - t o - r e s i n  f l o w  r a t i o .  Because of s p e c i a l  
f e a t u r e s  o f  t h e  CSA-CCIX system, t h e s e  f l o w  r a t i o s  are t o l e r a t e d  o r  
handled. An a t t r a c t i v e  f e a t u r e  i n h e r e n t  w i t h  Acid R e t a r d a t i o n  i s  
t h a t  water is t h e  o n l y  consumed reagent .  
g i v e n  of a c i d - s a l t  s e p a r a t i o n s .  

CSA CONTINUOUS COUNTERCURRENT I O N  KXCHANGR (CCIX) FEATURES AND HOW 
I T  WORKS 

Acid Retarda t ion  i s  an 

S e v e r a l  examples w i l l  b e  

Continuous Countercur ren t  Ion Exchange (CCIX) is an advanced 
technology for i o n  exchange. 
f o u r  U.S. and worldwide p a t e n t s .  The systems c o n s i s t  o f  a packed 
bed o f  r e s i n  conta ined  i n  a c l o s e d  l o o p  made up of  reacting sec-  
t i o n s .  The r e s i n  moves i n  one d i r e c t i o n  w h i l e  t h e  l i q u i d  moves i n  
a n o t h e r  d i r e c t i o n  (Countercurrent) .  The i o n  exchange r e s i n  is con- 
t i n u o u s l y  r e a c t e d  and regenera ted ,  t h u s  minimizing t h e  amount o f  
r e s i n  r e q u i r e d  f o r  a g i v e n  amount of l i q u i d  t o  process .  

T h i s  technology i n v o l v e s  some f o r t y -  

T h i s  technology is a g r e a t  improvement o v e r  fixed-bed systems 
which do n o t  e f f i c i e n t l y  react t h e  r e s i n ,  have  h igh  r e g e n e r a n t  c o s t ,  
f l u c t u a t i n g  e f f l u e n t  q u a l i t y ,  l a r g e  b a t c h  waste d i s p o s a l ,  and h igh  
water consumption. C C I X  o f f e r s  l a r g e  economic s a v i n g s ,  i s  a d a p t a b l e  
t o  a wide range  o f  waste streams, and has  high capac i ty .  For  t h e s e  
r e a s o n s ,  C C I X  has ga ined  i n  f a v o r  as a practical  and v a l u a b l e  pro- 
cess for  i n d u s t r i a l ,  munic ipa l ,  u t i l i t y ,  and r e s e a r c h  a p p l i c a t i o n s .  

Advantageous F e a t u r e s  o f  t h e  CSA C C I X  Unit .  

Over t h e  y e a r s ,  there have  been s e v e r a l  d i f f e r e n t  t y p e s  of 
cont inuous  i o n  exchange equipment. Based on similar f e a t u r e s ,  t h e s e  
may be  d i v i d e d  i n t o  a few groups. 
o v e r  t h e  l a s t  t h i r t y  years .  The CSA C C I X  system claims t o  be unique 
and h a v e  a l l  t h e  f o l l o w i n g  a t t r a c t i v e  f e a t u r e s .  I n  c o m p a r i n g  t h i s  
C C I X  system w i t h  o t h e r  i o n  exchange systems,  t h e  f o l l o w i n g  p o i n t s  
may b e  used f o r  g u i d e l i n e s .  

Most o f  t h e s e  have come and gone 

Maximum l i q u i d  product ion  rate p e r  u n i t  s i z e  equipment. The 
reason  f o r  t h i s  is tha t  t h e  r e s i n  is r e t a i n e d  i n  t h e  s e c t i o n s  w i t h  
no danger o f  f l u i d i z a t i o n .  A l l  s o l u t i o n s  e n t e r  and e x i t  t h e  u n i t  
v i a  w e l l  s c r e e n  which w i l l  n o t  a l low r e s i n  t o  pass. Other than  i o n  
exchange k i n e t i c s ,  t h e  o n l y  l i m i t a t i o n  on product ion  rate is pumping 
p r e s s u r e  drop. T h i s  v a r i a b l e  is  c o n t r o l l e d  by choosing r e s i n  bed 
depth  and r e s i n  par t ic le  s i z e .  I n  a d d i t i o n ,  p r e s s u r e  drops  i n  t h i s  
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C S A - C C I X  T E C H N O L O G Y  9 9 9  

moving bed are g e n e r a l l y  lower than i n  c o n v e n t i o n a l  fixed-beds 
because t h e  t o p  f i l t r a t i o n  l a y e r  is c o n t i n u a l l y  broken up when i t  
reaches t h e  backwash s e c t i o n .  

Resin is r e t a i n e d  as a packed bed. T h i s  means t h a t  r e s i n  beads 
are a d j a c e n t ,  o r  as c l o s e  as t h e y  can be toge ther .  T h i s  a l s o  keeps  
t h e  bed from f l u i d i z i n g .  Each r e s i n  bead r e t a i n s  i ts p o s i t i o n  
r e l a t i v e  t o  a l l  o t h e r  beads. T h i s  a l l o w s  minimum engineer ing  stage 
h e i g h t  (Htu), o r  t he  maximum amount of  i o n  exchange work p e r  u n i t  
s i z e  equipment. The c o n t r a s t  i n  equipment s i z e  i s  v e r y  striking i n  
comparison t o  f l u i d  ized-b ed t y p e  cont inuous  u n i t s .  

Process ing  and maintenance of s t r o n g  s o l u t i o n s .  The C C I X  sys-  
tem e x c e l s  i n  t h i s  area because t h e  full i o n  exchange c y c l e  i s  
carried o u t  i n  a s i n g l e  loop. J u s t  as much importance is ass igned  
t o  water r i n s e  and water d isp lacement  areas as l o a d i n g  and s t r i p p i n g  
s e c t i o n s .  D i l u t i o n  and t a i l i n g  streams are avoided. This  emphasis 
on t h e  h a n d l i n g  o f  water is i n c r e a s i n g l y  important  when process ing  
s t r o n g  s o l u t i o n s  where one s o l u t i o n  volume exhaus ts  t h e  i o n  exchange 
c a p a c i t y  u t i l i z a t i o n  i n  less than  one volume of r e s i n .  

I n  order t o  squeeze these s o l u t i o n  c o n c e n t r a t i o n s  t o  a maximum, 
it is impor tan t  t o  main ta in  s h a r p  i n t e r f a c e s  between reacting s o l u -  
t i o n s .  This  is r e a d i l y  achieved by obeying s o l u t i o n  d e n s i t y  r u l e s .  
Almost a lways ,  low d e n s i t y  l i q u i d s  are a l l o w e d  t o  f l o a t  on t o p  o f  
high d e n s i t y  ones. It s h o u l d  a l s o  b e  noted t h a t  s o l u t i o n s  may be  
processed t h a t  would n o r m a l l y  f l o a t  t h e  r e s i n  i f  t h e  packed bed o f  
r e s i n  w a s  n o t  confined.  

A r e s i n  pumping system that  is a c c u r a t e l y  c o n t r o l l e d  and h i g h l y  
v a r i a b l e  i n  rate. By c o n t r a s t ,  many o t h e r  systems depend on t h e  
free f a l l  o f  r e s i n  through process ing  l i q u i d  by t h e  f o r c e  o f  g r a v i -  
ty .  T h i s  is an enormous l i m i t i n g  f a c t o r  on product ion  ra te  or t h e  
d e n s i t y  o f  s o l u t i o n s  t o  b e  processed. 
rate is a c c u r a t e l y  c o n t r o l l e d  o v e r  a wide range o f  v e r y  f a s t  and 
v e r y  s l o w  rates. 
r a t i o s  o f  100 t o  1000. It is j u s t  as common for  t h e  flow r a t i o  t o  
be  0.5. 
through t h i s  tremendous v a r i a t i o n .  T h i s  f e a t u r e  is o f  great s i g n i f -  
i c a n c e  and e x p l a i n s  why t h i s  p a r t i c u l a r  d e v i c e  is a p p l i c a b l e  t o  such  
a w i d e  v a r i e t y  o f  problems. 

I n  t h e  C C I X  system, t h e  r e s i n  

It is n o t  uncommon to  have  s o l u t i o n - t o - r e s i n  f l o w  

No mechancial  or o p e r a t i n g  burden is imposed by going  

Handl ing of s l u r r i e s .  One o f  t h e  d i s t i n c t i v e  advantages  o f  i o n  
exchange o v e r  s o l v e n t  e x t r a c t i o n  o r  r e v e r s e  osmosis is t h a t  u n f i l -  
t e r e d  o r  u n c l a r i f i e d  s o l u t i o n s  may b e  processed.  
cont inuous  u n i t s  w i t h  f l u i d i z e d  beds have  c la imed t o  b e  b e t t e r  
s l u r r y  h a n d l e r s .  A s tandard  packed bed o f  r e s i n  i s ,  i n  fact, l i k e  a 
sand bed f i l t e r .  However, t h e  packed bed i n  t h e  C C I X  u n i t  does  n o t  
act as a f i l t e r  because its f i l t r a t i o n  tendency is c o n t i n u a l l y  
broken up. The backwash s e c t i o n  c o n t i n u a l l y  f l u s h e s  o u t  f o r e i g n  
matter and r e s i n  f i n e s .  

Other  t y p e s  o f  
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1000 HIGGINS AND DENTON 

It is impor tan t  t h a t  there be  a pre-screening u n i t  o p e r a t i o n  
t o  remove a few t y p e s  o f  larger p a r t i c l e s ,  flakes, or f i b e r s  
which may be  present .  
c h a r a c t e r i z e d  as be ing  f i l t e r e d  w i t h  d i f f i c u l t y ,  pass  through t h e  
packed i o n  exchange bed with ease. 

F i n e l y  d i v i d e d  p a r t i c l e s  which are 

The o n l y  s p e c i a l  added f e a t u r e  o f  a s l u r r y  handl ing  contac-  
t o r  is t o  avoid  s t a g n a n t  pockets  and p r o v i d e  e x t r a  f l u s h  o u t  
c a p a b i l i t y  . 

A prime target  f o r  s l u r r y  h a n d l i n g  C C I X  o p e r a t i o n  is t he  slimes 
from phosphate  f e r t i l i z e r  opera t ion .  The slime p a r t i c l e s  are v e r y  
s m a l l  and the volume of t h i s  waste is enormous. From one-third t o  
one-half  o f  t h e  known phosphate  and uranium v a l u e s  are conta ined  i n  
t h e s e  slimes. 

How the CSA System Works 

Operation. Continuous Countercur ren t  Ion  Exchange c o n s i s t s  o f  
a packed bed of r e s i n  conta ined  i n  a c l o s e d  l o o p  made up o f  r e a c t i n g  
s e c t i o n s  which are s e p a r a t e d  by v a l v e s  b u i l t  in to  the l o o p  (any t y p e  
o f  v a l v e  which w i l l  s h e a r  t he  r e s i n  bed such as b a l l  v a l v e s ,  p lug-  
cock v a l v e s ,  or b u t t e r f l y  v a l v e s ) .  
l o o p  i n  one d i r e c t i o n  w h i l e  t h e  s o l u t i o n s  brought  i n t o  t h e  l o o p  
through s c r e e n s  ( r e f e r r e d  t o  as d i s t r i b u t o r s  and having  a mesh 
opening o f  smaller s ize  t h a n  t h e  r e s i n  beads) f l o w  c o u n t e r c u r r e n t  t o  
t h e  flow o f  t h e  r e s i n  f o r  a predetermined l e n g t h  o f  time. During 
t h i s  time, t h e  i o n  exchange r e a c t i o n  t a k e s  p l a c e  and t h e  waste and 
product  s o l u t i o n s  are removed from t h e  column through a n o t h e r  se t  of 
s c r e e n s  c a l l e d  c o l l e c t o r s .  

The r e s i n  is moved around t h e  

F i g u r e  1 shows t h e  g e n e r a l  c o n f i g u r a t i o n  of t h e  system. Any 
number of r e a c t i o n  s e c t i o n s  can b e  b u i l t  i n t o  t h e  loop  depending on 
the f l o w s h e e t  requirements .  
t i o n ,  a r e g e n e r a t i o n  s e c t i o n ,  a r e g e n e r a n t - r i n s e  s e c t i o n ,  and a 
water e 1 iminat i o n  s e c t i o n .  

In  t h i s  s y s t e n ,  the c o u n t e r f l o w  of resin and s o l u t i o n  is accom- 
p l i s h e d  by a l t e r n a t e l y ,  (1) p u l s i n g  an i n c r e m e n t a l  amount o f  r e s i n  
w h i l e  t h e  s o l u t i o n  flows are s topped ,  and t h e n  (2) l o c k i n g  t h e  r e s i n  
i n  t h e  r e s p e c t i v e  s e c t i o n s  w h i l e  t h e  s o l u t i o n  f l o w s  are resumed 
c o u n t e r c u r r e n t  to  the p r e v i o u s  flaw of resin. 

These n o r m a l l y  i n c l u d e  a l o a d i n g  sec- 

Step-wise t h e  c o n t a c t o r  c y c l e s  as follows: 

1. During the s o l u t i o n  pumping p e r i o d ,  which may last for 2 t o  
10 minutes ,  V a l v e s  B, C,  and D are c l o s e d  and A is open. These 
b u t t e r f l y  v a l v e s  i s o l a t e  t h e  v a r i o u s  i o n  exchange s e c t i o n s .  The 
r e s i n  bed is s t a t i o n a r y  w h i l e  t h e  s o l u t i o n s  are f lowing  through t h e  
s e c t i o n s .  

2. J u s t  b e f o r e  t h e  r e s i n  movement p e r i o d ,  which l a s t s  for 
about  5 t o  10 seconds, the v a l v e  between t h e  upper  and lower reser- 
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DILUTE 

PURIFIED 

RINSE - 

COND 

REGENERANT- 

t 

RESIN u 

IACKWASI 

PULSE 

1_ RESIN 

,SLIP WATER OR 
DISPLACEMENT 

COND - CONCENTRATED 
PRODUCT OR WASTE 

1. HIGH PRODUCTION RATE. 
2 PACK BED - LOW Htu 
3 MAINTENANCE OF STRONG 

SOLUTIONS 
4 FLEXIBILITY FOR WIDE 

RANGE OF FLOW RATIOS 
5 LOW WATER CONSUMPTION 
6 SLURRY HANDLING 

F i g u r e  1. CSA C C I X  C o n t a c t o r  - How i t  
Works and At t rac t ive  F e a t u r e s .  
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1002 H I G G I N S  AND DENTQN 

v o i r s ,  "A", closes and t h e  o t h e r  v a l v e s  "B", "C", and "D" open. The 
s o l u t i o n  f l o w s  are stopped. 
s l i d e s  t h e  e n t i r e  r e s i n  bed a few i n c h e s  as i f  it were a p is ton .  

A h y d r a u l i c  p u l s e  is a p p l i e d  which 

3. When t h i s  p u l s i n g  phase is comple te ,  t h e  v a l v e s  are a g a i n  
r e v e r s e d  and t h e  r e s i n  locked i n  t h e  r e a c t i n g  s e c t i o n  t o  b e  c o n t a c t -  
ed by t h e  s o l u t i o n s .  
v o i r s ,  "A", is open t o  a l l o w  d i s p l a c e d  r e s i n  t o  drop i n t o  t h e  lower  
r e s e r v o i r  ready  for another  c y c l e .  

The v a l v e  between t h e  upper and lower reser- 

From t h e  p o i n t  of view o f  main ta in ing  i n t e r f a c e  p o s i t i o n s  and 
s o l u t i o n  c o n c e n t r a t i o n s ,  t h e  r i n s e  and water e l i m i n a t i o n  s e c t i o n s  
are most impor tan t  t o  understand.  During r e s i n  movement, t h e  l i q -  
u i d s  move fas ter  and f a r t h e r  than  t h e  r e s i n  -- u s u a l l y  two t o  t h r e e  
times. This  movement o f  l i q u i d  by t h e  r e s i n  i s  r e f e r r e d  t o  as 
s l i p p a g e .  

Thus, t h e  i n t e r f a c e s  between t h e  v a r i o u s  s o l u t i o n s  move around 
i n t o  o t h e r  s e c t i o n s  and it becomes necessary  t o  r e t u r n  them t o  t h e i r  
o r i g i n a l  p o s i t i o n .  This  is accomplished i n  t h e  r i n s e  s e c t i o n s  where 
a c o u n t e r c u r r e n t  water r i n s e  makes a void  volume d isp lacement  o f  t h e  
s o l u t i o n .  
ins t rument  which s t o p s  t h e  r i n s i n g  a c t i o n  when t h e  i n t e r f a c e  c r o s s e s  
a probe b u i l t  i n t o  t h e  s e c t i o n .  

The r i n s i n g  o p e r a t i o n  is c o n t r o l l e d  by a c o n d u c t i v i t y  

Also, d u r i n g  t h e  r e s i n  p u l s e ,  water and r e s i n  are moved i n t o  
t h e  l o a d i n g  and r e g e n e r a t i o n  s e c t i o n s .  To a v o i d  mixing t h i s  water 
w i t h  t h e  products ,  a c o n d u c t i v i t y  probe s e n s e s  t h e  salt-water i n t e r -  
face and a l l o w s  t h i s  s l i p p a g e  volume t o  be s e p a r a t e l y  e l i m i n a t e d  
b e f o r e  drawing o f f  u n d i l u t e d  product. This  i s  accomplished i n  t h e  
c o n t a c t o r  by opening t h e  v a l v e  i n  t h e  e l i m i n a t i o n  p o r t ,  and keeping 
t h e  product  v a l v e  c l o s e d  u n t i l  t h e  i n t e r f a c e  moves p a s t  t h e  product  
p o r t  and is sensed by t h e  c o n d u c t i v i t y  probe. The v a l v e s  are then 
r e v e r s e d  and s t r o n g  product  is a g a i n  removed. 

EXTRACTION CF URANIOH PROM COPPER LJUCH BY CCIX 

It is common p r a c t i c e  i n  "open p i t "  mining o f  copper  t o  sepa- 
rate ore i n t o  "high" and "low" grades. High grade  goes through 
f l o a t a t i o n ,  t h e n  t o  t h e  smelter. Low g r a d e  is heaped up i n  p i l e s  
c a l l e d  "dumps" and leached wi th  waste s u l f u r i c  acid.  A t  some mines 
a l l  t h e  o r e  is leached ,  and t h e r e  seems t o  be  a t r e n d  i n  t h i s  
d i r e c t i o n .  

T h i s  l e a c h  s o l u t i o n  is c o n t a c t e d  w i t h  s c r a p  i r o n ,  i n  t h e  form 
of " t in"  cans ,  t o  drop o u t  f i n e l y  d i v i d e d  copper  metal, c a l l e d  
"cement". 

Cu++ + Feo-Fe++ + Cuo 
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CSA-CCIX TECHNOLOGY 1003 

There is an i n c r e a s i n g  t r e n d  t o  r e p l a c e  t h e  u s e  of s c r a p  i r o n  
by s o l v e n t  e x t r a c t i o n  (SX), o r  i o n  exchange (1x1, f o l l o w e d  by elec- 
trowinning. As may be  expected,  about  one-half  t h e  metals i n  t h e  
P e r i o d i c  T a b l e  may be found i n  t h i s  leach .  Uranium is one o f  them, 
a t  l e v e l s  of 3 t o  20 ppm. 

The e x t r a c t i o n  o f  uranium from s u l f a t e  l e a c h  u s i n g  s t r o n g  b a s e  
t y p e  i o n  exchange r e s i n  is so w e l l  known t h a t  t h i s  background does 
n o t  need f u r t h e r  d i scuss ion .  I n  t h e  l a t e  19501s, 80% o f  t h e  uranium 
produced i n  t h e  world u t i l i z e d  t h i s  technology.  

T h i s  t i n y  q u a n t i t y  o f  5 ppm U308 h a r d l y  seems worth going  
after. But t h e  l e a c h  is  a l r e a d y  i n  ex is tence .  No mining or gr ind-  
i n g  is necessary.  
per .  T e US Bureau o f  Mines first explored  t h i s  source  o f  

M i l l i o n s  o f  g a l l o n s  are handled anyway f o r  cop- 

uranium ? 3 )  . 
Because of t h e  v e r y  t i n y  l e v e l s  of uranium, a t  5 ppm, a para-  

mount demand o f  i o n  exchange, or any o t h e r  s t e p ,  is t h a t  it be f a s t  
r e a c t i n g  and h igh  throughput  i n  o r d e r  t o  minimize equipment s i z e .  
T h i s  h igh  throughput  f e a t u r e  was t h e  o v e r - r i d i n g  reason  f o r  consid-  
e r a t i o n  o f  t h e  CSA-type C C I X  system. 

A t  t h i s  p o i n t  t h e  f e a t u r e s  of t h i s  p a r t i c u l a r  C C I X  u n i t  w i l l  b e  
expla ined .  See  F i g u r e  2. 

a )  Resin f i l l s  t h e  l o o p s  as a "packed-bed". S i n c e  t h e  r e s i n  is 
r e t a i n e d  by a s c r e e n  t h e r e  is no l i m i t a t i o n  on f l o w  rate  except  
p r e s s u r e  drop. S i n c e  t h e  r e s i n  i s  conf ined ,  it cannot  f loa t .  There- 
f o r e ,  t h e r e  i s  no p h y s i c a l  l i m i t a t i o n  on s o l u t i o n  d e n s i t y .  As a 
packed bed a l l  r e s i n  p a r t i c l e s  are as c l o s e  t o g e t h e r  as t h e y  can  
g e t ,  and a lways  s t a y  i n  t h e  same r e l a t i v e  p o s i t i o n  t o  each o t h e r .  
This  means t h a t  stage h e i g h t  (Htu) is a t  a minimum or t h e  maximum 
amount o f  i o n  exchange work is done p e r  u n i t  s i z e  equipment. 

b) There is p r e c i s e  c o n t r o l  o f  a l l  f l o w  rates, i n c l u d i n g  t h e  
r e s i n .  O f  e q u a l  importance,  t h e s e  f l o w  rates ,  or f l o w  r a t i o s  of 
r e s i n  and s o l u t i o n ,  may b e  v a r i e d  o v e r  a v e r y  wide range w i t h  no 
loss  i n  p r e c i s i o n .  This  a l l o w s  t h i s  p a r t i c u l a r  C C I X  d e v i c e  t o  b e  
a p p l i e d  t o  a v e r y  wide range o f  i o n  exchange a p p l i c a t i o n s ,  Based on 
f i e l d  p i l o t  C C I X  s t u d i e s  t h e  Feed-to-Resin f l o w  r a t i o  r a n g e s  from 
50011 t o  750/1 and t h e  15% H2S04 r a t i o  t o  r e s i n  ranged from 2.5/1 t o  
311. 

c )  Because o f  a conf ined  packed-bed, s o l u t i o n s  may be  k e p t  
s t rong .  Water consumption f o r  r i n s e s  may b e  k e p t  as low as a void 
volume d isp lacement  because of t h e  i n h e r e n t  e f f i c i e n c y  o f  cont inuous  
c o u n t e r c u r r e n t  flow. With t h i s  minimum consumption of  water, s t r o n g  
process ing  s o l u t i o n s  may be  in t roduced  wi thout  d i l u t i o n .  
H S O  s t r i p  s o l u t i o n  e n t e r e d  and l e f t  t h e  C C I X  u n i t  wi thout  
d i l u t i o n .  

The 15% 

? 4  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
1
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1004 H I G G I N S  AND D E N T O N  

FOUR CClX UNITS STRONG 

SINCE 1977 RESIN 
TOTAL 37.85 m3/mln. (10,000 gpm) BASE 

FEED 
94.6 m3/mln.(2500 gprn) 

SO4 SALTS - p H 3  

BARREN U3Oa - 0.5 ppm 
RETURN TO LEACH 

COND. 

FEED USED FOR RINSE 

i MAKE-UP 
H2SO4 

76 cm 
(2.51t.l 

I i 
RESIN 

TWAS” 
,RESIN 

STROKE 
’ CONTROL 

---SLIP- RETURN TO FEED 

COND 

PRODUCT - 1 TO 2 g/I Us08 
IN 15% H2SO4 

SOLVENT 
EXTRACTION 

I BARREN 
15% H2SO4 I u308 

CONCENTRATION 
TO 

PRECIPITATION 

Figure 2. Extraction of Uranium from Copper 
Leach at Bingham Canyon, Utah. 
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CSA-CCIX TECHNOLOGY 1005 

d)  S l u r r i e s  may b e  processed wi thout  plugging.  A packed-bed 
of r e s i n  beads might n o r m a l l y  be  cons idered  a f i l t e r .  Because t h e  
r e s i n  bed is f r e q u e n t l y  moved, t h i s  f i l t r a t i o n  tendency n e v e r  gets 
e s t a b l i s h e d .  

CSA-CCIX system were demonstrated('+. This  was expected t o  be t h e  
"foot-in-the-door" for g e t t i n g  i n t o  t h e  mining business .  It turned  
o u t  t h a t  t h e  "high throughput" f e a t u r e  was more s i g n i f i c a n t .  Any- 
time t h e r e  are l a r g e  volumes, trace components, h i g h  d i s t r i b u t i o n  
c o e f f i c i e n t ,  and fast  k i n e t i c s ,  i t  is most impor tan t  t o  p r o c e s s  
s o l u t i o n s  j u s t  as fast  as p o s s i b l e  i n  o r d e r  t o  minimize equipment 
s i z e .  The e x t r a c t i o n  o f  t h i s  trace amount of uranium, 5 ppm, from 
t h i s  copper  l e a c h  f i ts  t h i s  s i t u a t i o n .  Even t h e n  t h e  equipment must 
b e  large t o  h a n d l e  l a r g e  l i q u i d  volumes. 

I n  t h e  mid 50's, t h e  p u l p  or u r r y  h a n d l i n g  f e a t u r e s  of  t h e  

When s t u d i e s  were first s t a r t e d  on t h i s  system, i t  was surmized 
t h a t  t h e  k i n e t i c s  of exchange o f  t h e  l a r g e  u r a n y l  s u l f a t e  an ion  
complex might be  t h e  c o n t r o l l i n g  f a c t o r ,  and t h e  equipment would 
have  t o  be  s i z e d  accord ingly .  T h i s  time Mother Nature  was w i t h  u s  
and t h e  exchange rate was found t o  be  v e r y  fast. T h i s  means t h a t  
t h e  l i m i t i n g  d e s i g n  f a c t o r  was p r e s s u r e  drop. A d e s i g n  g u i d e l i n e  
used is  203ml/min/cm2 (50 gpm/ft2) a t  about  138 t o  207 K i l o - P a s c a l s  
(20-30 p s i )  p e r  1.2 t o  1.5 meters ( 4  t o  5 f o o t )  d e p t h  o f  bed.  T h i s  
g i v e s  a l i q u i d  c o n t a c t  time o f  about  20 seconds and was adequate  f o r  
>go$ uranium e x t r a c t i o n .  For  emphasis i t  is mentioned a g a i n ,  t h a t  
v e r y  h igh  l i q u i d  throughput  is a f a c t o r  of ou s t a n d i n g  s i g n i f i c a n c e .  

Kennecott p l a n t  a t  Bingham Canyon, Utah h a n d l e s  132.5m3/min (35,000 
gpm) o f  copper  l e a c h ,  which would r e q u i r e  14 o f  t h e  8- f t  d iameter  
C C I X  u n i t s  t o  h a n d l e  t h e  e n t i r e  flow. This  p u t s  i n  p e r s p e c t i v e  how 
impor tan t  t h i s  h igh  throughput  f e a t u r e  is. 

An & f o o t  d iameter  l o a d  s e c t i o n  h a n d l e s  9.46111 s /min (2500 gpm). The 

P i l o t  testing was done a t  4 d i f f e r e n t  sites; 3 heap l e a c h i n g  
and one va t .  Uranium l e v e l s  v a r i e d  from 3 t o  20 ppm. From t h i s  
t y p e  l e a c h  t h e  d i s t r i b u t i o n  c o e f f i c i e n t  (D.C.) was about  500 t o  1000 
for strong base  t y p e  r e s i n .  This  is a v e r y  p o s i t i v e  e x t r a c t i o n ,  b u t  
i t  means t h a t  t h e  r e s i n  l o a d s  o n l y  t o  3 t o  5 g / l .  From a s t a n d a r d  
s u l f a t e  o r e  l e a c h  one might expec t  a feed  of 500 t o  1000 ppm and a 
r e s i n  l o a d i n g  o f  70 t o  100 g / l .  With a low r e s i n  l o a d i n g  it is 
impor tan t  t o  u s e  a r e c y c l e ,  or a v e r y  economical s t r i p  s o l u t i o n .  
The s t r i p  s o l u t i o n  used was 15% H2S04. 
concent ra ted  by s o l v e n t  e x t r a c t i o n  wi th  r e c y c l e  of  t h e  H2S04 i o n  
exchange s t r i p  s o l u t i o n .  

Uranium was e x t r a c t e d  and 

Uranyl s u l f a t e  h a s  a much greater a f f i n i t y  than  fe r r ic  s u l f a t e ,  
b u t  t h e  unused r e s i n  c a p a c i t y  was occupied by ferric ion. This  low 
r e s i n  c a p a c i t y  u t i l i z a t i o n  f o r  uranium was caused by t h e  low f e e d  
l e v e l ,  5 pprn, and t h e  l i m i t i n g  D.C. o f  1000 i n  pH 3 S u l f a t e  s o l u t i o n .  
I n  t h e  f r e s h  l e a c h ,  jarosite, KFe-I11 (SO4I2, was a t  t h e  s a t u r a t i o n  
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1006 H I G G I N S  AND DENTON 

l e v e l .  When t h e  s o l u t i o n  h i t  t h e  enr iched  fe r r ic  i o n  on t h e  r e s i n  
i n  t h e  l o a d i n g  s e c t i o n ,  t h e n  j a r o s i t e  c r y s t a l s  formed and f i n a l l y  
plugged t h e  bed. Therefore ,  feed t o  t h e  C C I X  was used "after" t h e  
c o n t a c t  w i t h  s c r a p  i ron.  The j a r o s i t e  p lugging  problem was elimi- 
na ted  because t h e  b u l k  of t h e  i r o n  was f e r r o u s  i n s t e a d  o f  ferric. 

The purpose o f  t h e  s c r a p  i r o n  was t o  reduce c u p r i c  i o n  t o  
copper  metal, b u t  some h e x a v a l e n t  u r a n y l  i o n  was reduced t o  quadr i -  
v a l e n t  uranous ion. It was d i s c o v e r e d  t h a t  t h e  uranous s u l f a t e  
an ion  complex had about  2 /3  as much a f f i n i t y  f o r  t h e  r e s i n  as t h e  
u r a n y l  s u l f a t e  an ion  complex. With t h i s  lower D.C., uranium l o s s e s  
were prevented  by lowering t h e  Feed-to-Resin f l o w  r a t i o  from 1000/1 
t o  500/1. Each o f  t h e  l e a c h  si tes were d i f f e r e n t .  Where t h e r e  was 
no danger of  jarosite formation,  f r e s h  feed was used t o  a v o i d  t h e  
problem o f  lower r e s i n  a f f i n i t y  o f  U - I V  as compared t o  U-VI .  

The p l a n t  i n s t a l l a t i o n  was made a t  t h e  Kennecott s i t e  i n  Bing- 
ham Canyon, Utah. Four 2.44 meter f8- f t )  d i a m e t e r  load  s e c t i o n  C C I X  
u n i t s  were i n s t a l l e d  t o  h a n d l e  

cessed  f o r  copper. The first u n i t  was s t a r t e d  i n  1977 and t h e  o t h e r  
3 added s u c c e s s i v e l y  as b u i l t .  On t h i s  w r i t i n g ,  t h e  p l a n t  is s t i l l  
o p e r a t i n g  on a 4 t o  5 ppm U308 feed. 
are o n l y  two f l u i d s  i n  t h e  system; feed  and 15% H2S04. 
f o r  r e s i n  p u l s i n g ,  backwash, and s t r i p  r i n s e .  

7.85m3/min ( 1  ,000 gpm). This  is  
about  one-third of t h e  189,300m 2 /day (50 X 10 i? gpd), which is pro- 

It is i n t e r e s t i n g  t h a t  t h e r e  
Feed is used 

There is greater t h a n  90% e x t r a c t i o n  when us ing  f r e s h  r e s i n .  
After a few months, t h e  r e s i n  is  g r a d u a l l y  poisoned,  (by s i l i c a ,  
g r e a s e ,  gypsum, hydrated oxides ,  or whatever) ,  and t h e  e x t r a c t i o n  
d r o p s  t o  about  80%. 
w i l l  i n c r e a s e  by lower ing  t h e  feed  rate. 
r e s i n  is used,  and t h e  r e s i n  l i f e  is about  1 1/2 t o  2 years .  
Attempts t o  c l e a r  up t h e  r e s i n  have  n o t  i n c r e a s e d  t h e  k i n e t i c s ,  s o  
t h e r e  i s  no strong i n c e n t i v e  t o  extend t h e  r e s i n  l ife.  T h i s  i s  a 
t y p e  o f  r e s i n  a t t r i t i o n  caused by i r r e v e r s i b l e  poisoning,  n o t  mechan- 
ical  break-up or r e s i n  c a p a c i t y  loss. 

It is  a k i n e t i c  problem because t h e  e x t r a c t i o n  
An e s p e c i a l l y  tough an ion  

T h i s  same copper  l e a c h  c o n t a i n s  30 ppm each o f  n i c k e l  and 
c o b a l t .  The Bureau o f  mines a t  S a l t  Lake C i t y  has  measured a d i s -  
t r i b u t i o n  c o e f f i c i e n t  (D.C.) of about  50 for  t h e s e  2 m e t  s f o r  Dow 
Chemical Company's new copper  s e l e c t i v e  r e s i n ,  XFS-4195". A f e w  
f l o w s h e e t  and equipment changes need t o  b e  made, b u t  h e r e  is 
a n o t h e r  o p p o r t u n i t y  t o  r e c o v e r  v a l u a b l e  metals without  mining or 
g r i n g i n g  . 

While d i s c u s s i n g  t h e  e x t r a c t i o n  of t r a c e  metals from copper  
l e a c h ,  i t  s h o u l d  n o t  be  over looked  t h a t  a p i l o t  s t u d y  was made a t  
I n s p i r a t i o n ,  Arizona for  t h e  product ion  of 16Kg/day (35 l b s  p e r  day) 
of wire g r a d e  copper  f roy6f  similar copper  l e a c h  by t h e  CSA-CCIX 
u n i t  and e l e c t r o w i n n i n g  . 
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CSA-CCIX TECHNOLOGY 1007 

ACID PURIFICATION AND RECOVERY BY ACID RETARDATION USING CCIX 

The h a r d e s t  t h i n g s  t o  d e s c r i b e  are t h o s e  t h a t  are ext remely  
s imple.  This  is  a problem w i t h  "Acid Retardation". The a c t u a l  
mechany2rj is n o t  r e a l l y  f u l l y  understood by t h e  e x p e r t s  i n  t h e  
f i e l d  . 

Acid R e t a r d a t i o n  is a method f o r  s e l e c t i v e l y  e x t r a c t i n g  s t rong-  
l y  d i s s o c i a t e d  a c i d s  from concent ra ted  s o l u t i o n s  ( T y p i c a l l y  2Ij t o  
5g) u s i n g  s t rong-base t y p e  an ion  exchange r e s i n s .  There is no acid 
s o r p t i o n  from d i l u t e  s o l u t i o n s ,  t h e r e f o r e ,  by d e f i n i t i o n ,  water is 
t h e  a c i d  e l u t i o n  agent. T h i s  s i m p l i c i t y ,  w i t h  water be ing  t h e  o n l y  
consumed chemica l ,  is a paramount economic f a c t o r  i n h e r e n t  t o  t h e  
Acid R e t a r d a t i o n  system. 

For p r a c t i c a l i t y ,  Continuous Countercur ren t  Ion Exchange 
(CCIX), is u n i q u e l y  necessary.  The s t r o n g e r  t h e  a c i d ,  t h e  greater 
t h e  r e s i n  c a p a c i t y  u t i l i z a t i o n .  The s t r o n g e r  t h e  a c i d ,  t h e  lower 
t h e  r a t i o  of s o l u t i o n - t o - r e s i n  flow. Subsequent ly ,  t h e  lower t h e  
s o l u t i o n - t o - r e s i n  f low r a t i o ,  t h e  g r e a t e r  t h e  demand f o r  t h e  inhe- 
r e n t  e f f i c i e n c y  o f  cont inuous  c o u n t e r c u r r e n t  flow. With C C I X  equip- 
ment, it is common t o  have  a s a l t  and a c i d  product  e f f l u e n t  each of 
no g r e a t e r  volume than  t h e  feed. Flow r a t i o s  o f  s o l u t i o n - t o - r e s i n  
t y p i c a l l y  range from 0.2/1 t o  0.5/1. This  i s  q u i t e  u n t h i n k a b l e  i n  
c o n v e n t i o n a l  fixed-bed equipment. The reason  that  t h e r e  are n o t  
many r e f e r e n c e s  to  Acid Retarda t ion  is because o f  i m p r a c t i c a l i t y  
w i t h  c o n v e n t i o n a l  equipment. 

Another unique f e a t u r e  u s i n g  C C I X  equipment is t h e  a b i l i t y  t o  
r e f l u x .  T h i s  means t h a t  t h e  sorbed acid may be e l u t e d  a t  increased  
s t r e n g t h  up t o  t h e  c o n c e n t r a t i o n  o f  t h e  s a l t  p l u s  acid c o n c e n t r a t i o n  
o f  t h e  feed. 
s t r a t e d  i n  o u r  l a b o r a t o r y  (i.e., n o t  o n l y  wi thout  d i l u t i o n ,  b u t  wi th  
a c o n c e n t r a t i o n  f a c t o r  o f  5). 

A c o n c e n t r a t i o n  o f  0.4M H C 1  t o  2.05 has been demon- 

Acid R e t a r d a t i o n  is a g e n e r a l  purpose t r e a t m e n t  method wi th  t h e  
most wide spread  u t i l i z a t i o n  expected f o r  s a l t - a c i d  i n d u s t r i a l  
wastes. Not o n l y  is a l k a l i  saved  f o r  n e u t r a l i z a t i o n ,  b u t  a c i d  is 
r e c o v e r e d  for  reuse.  Problems s t u d i e d  have  been anodiz ing  wastes, 
i o n  exchange r e g e n e r a n t  wastes, metal t r e a t i n g  b a t h s ,  and p u r i f i c a -  
t i o n  and r e c o v e r y  o f  lead b a t t e r y  wastes. A comparison o f  t h e  
e f f i c i e n c y  of Acid R e t a r d a t i o n  of t h e  v a r i o u s  a c i d s  w i l l  be  g iven .  

S ince  we have  t i e d  Acid R e t a r d a t i o n  t o  C C I X  o p e r a t i o n  i t  w i l l  
b e  d e s c r i b e d  i n  t h i s  context .  See F i g u r e  3. 

A s  a l r e a d y  i n d i c a t e d ,  feed  s t r e n g t h s  are u s u a l l y  i n  t h e  range 
o f  2N t o  5N a l t h o u g h  n o t  t i g h t l y  l i m i t e d  t o  t h i s .  
ion ized  a c i d s  are cons idered ,  o r  common H C 1 ,  HN03, or H2S04. 
h i g h e r  t h e  a c i d  s t r e n g t h ,  t h e  h i g h e r  t h e  c a p a c i t y  u t i l i z a t i o n .  See 
F i g u r e  4. 
u s u a l l y  about  1.2 e q / L  Acid R e t a r d a t i o n  c a p a c i t y  is n o t  l i m i t e d  t o  

Only h i g h l y  
The 

The i o n  exchange c a p a c i t y  of s t rong-base t y p e  r e s i n  is 
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MAKE-UP 
WATER 7 

L 

PRODUCT 

STRONG 
BASE 
RESIN 

L 

4 

CoND. T 

ACID-SALT 
INTERFACE 
DETECTOR 

ACID 
HNO3 OR HCI OR H2SO4 

FEED 

NO3 OR CI OR SO4 
ACID a SALTS 

RESIN 

3ACKWASI 

PULSE 

I RESIN 
STROKE - CONTROL 

ij RESIN 

-L SLIP WATER - 
COND 

-WASTE SALTS 

TYCLE L9-I-Y OVERFLOW 

Figure  3 .  Acid Retardation by C C I X  
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2.5 

3.0 

TYPE I - STRONG BASE RESIN /' 
/ 

/' 
/ 

/ 
- EQUIPMENT - 50.8 mm ( 2  In.) DIAMETER CClX UNIT 

/ 

Figure  4 .  Acid R e t a r d a t i o n  - Capaci ty  U t i l i z a t i o n  Versus 
Acid Feed S t r e n g t h  f o r  H C 1  and H SO 2 4' 

t h i s .  Hydrogen ions  are crowded i n t o  t h e  r e s i n  matrix not  necessa- 
r i l y  one pe r  r e s i n  equiva len t .  

Although t h e  mechanism of  Acid Retardation is no t  proved f o r  
su re ,  it is thought t o  be a r e s t r u c t u r i n g  o r  denser  packing of  t h e  
H-ion wi th in  t h e  r e s i n  p a r t i c l e .  Bas i ca l ly ,  t h e  exchanger d i s t i n -  
gu ishes  between H+ and metal c a t i o n s  rather than ac ids  and salts. 
The degree of H-ion uptake is r e l a t e d  t o  t o t a l  anion strength w i t h  
t o t a l  exc lus ion  of  metal ca t ion ,  except f o r  t hose  tha t  form metal 
anion complexes. 

I n  re ference  t o  t h e  r e s in - so lu t ion  counterflow system depicted 
i n  F igure  3, feed ac id  is sorbed and t r a v e l s  w i t h  t h e  t h e  r e s i n s  and 
metal contaminants pass on through uninhibited.  
t inuous  countercur ren t  f low, economical use  is made of  t h e  water 
s t r i p  t o  t he  po in t  t h a t  t h e  ac id  may be e l u t e d  no more d i l u t e d  than  

By u t i l i z i n g  con- 
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1010 H I G G I N S  AND DENTON 

t h e  feed. 
t r o l l e d  by r e f l u x i n g  or scrubbing w i t h  product  acid.  These o p t i o n s  
e x h i b i t  as i n v e r s e  p r o p o r t i o n a l i t y .  To i n c r e a s e  t h e  degree  of  metal 
exclusl.on, t h e  a c i d  product ion  rate c a n  be  decreased .  

The degree  o f  s e p a r a t i o n  o f  a c i d  and metals may be  con- 

A most i n t e r e s t i n g  and p o t e n t i a l l y  u s e f u l  a s p e c t  o f  Acid Retar- 
d a t i o n  is t h a t  H-ion may be  crowded i n t o  t h e  r e s i n  bead r e l a t i v e  t o  
t h e  t o t a l  an ion  s t r e n g t h ;  n o t  j u s t  t h e  f ree  a c i d  s t r e n g t h .  T h i s  
means t h a t  a c i d s  may be  concent ra ted  as w e l l  as be  s e p a r a t e d ,  when 
b u l k  sa l t s  are p r e s e n t  i n  t h e  feed. 
H C 1 ,  i n  a t o t a l  C a C 1 2 ,  K C 1 ,  H C 1  s o l u t i o n  3.6N, was concent ra ted  t o  
2.ON HC1. An i n t e r e s t i n g  way t o  express  t h i s  i s  t o  s a y  a c i d  was 
i n c r e a s e d  5 fold i n  strength when adding water. See F i g u r e  5. 

For example, a s o l u t i o n  0.4N i n  

5 -  

4 -  

3 -  

2 -  

1 -  

EQUIPMENT - 50.8 mm ( 2  In.) DIAMETER CClX UNIT 5 -  EQUIPMENT - 50.8 mm ( 2  In.) DIAMETER CClX UNIT 

4 -  

3 -  

FEED - CaC12 

KCI 

HCI 
2 -  NaCl 

EACH POINT REPRESENTS ONE 

A PILOT CClX UNIT 
DAY% STEADY STATE RUN ON 

A I I I I I I I I - 
0 1 2 3 4 5 6 7 8 9 

MOLAR RATIO OF ACID I3 SALT/ACID IN FEED 

Figure 5. Acid Retardation Concentration of Acid Versus 
Salt Concentration in Feed Via CCIX Refluxing 
(Chloride System). 
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CSA-CCIX TECHNOLOGY 1011 

There is a s t r i k i n g  d i f f e r e n c e  i n  t h e  water e l u t i o n  of a poly-  
v a l e n t  a c i d  l i k e  H2S04 as compared t o  H C 1  o r  HN03. 
buted t o  a n o t h e r  and v e r y  d i f f e r e n t  "acid s o r p t i o n  - water e l u t i o n "  
system c a l l e d  S u l - b i s u l  (Dow t r a d e  name) o r  " S i t e  Sharing" ( te rm 
coined by Fred Helfferich). For example, H2S04 may be  sorbed  from 
d i l u t e  s o l u t i o n  on s u l f a t e  form r e s i n ,  R SO t o  t h e  b i s u l f a t e  form 

T h i s  is a t t r i -  

R-HSO4. The r e a c t i o n  is r e v e r s e d  by addlng ? 4  water. 

R2S04 + H 2 S 0 4 z  2RHS04 + H20 

T h i s  is  a system u s e f u l  i n  c e r t a i n  water d e m i n e r a l i z a t i o n  
processes ,  b u t  t h e  reconvers ion  t o  R2S04 is i n e f f i c i e n t  j u s t  u s i n g  
water. Acid c a p a c i t y  u t i l i z a t i o n  i n c r e a s e s  w i t h  a c i d  s t r e n g t h ,  b u t  
i t  is  d i f f i c u l t  t o  d i s t i n g u i s h  where S u l - b i s u l  s t o p s  and Acid Retar- 
d a t i o n  takes o v e r .  

T h i s  great d i f f e r e n c e  i n  t h e  a c i d  e l u t i o n  e f f i c i e n c y  for  H C 1  
This  is i n t e r p e r t e d  and H2S04 u s i n g  C C I X  is d e p i c t e d  i n  F i g u r e  6. 

as a S u l - b i s u l  effect  a c t i n g  independent ly  from Acid Retardat ion.  
A l l  po ly-ac ids  as H2S04, H3P04, e tc ,  act  by S u l - b i s u l  and Acid 
Retarda t ion .  
u s e  Acid R e t a r d a t i o n  only .  
b i s u l  mechanism, and probably  i o n i z e s  as f o l l o w s :  

Monovalent h i g h l y  i o n i z e d  a c i d s ,  such  as H C 1  and HN03, 
P o o r l y  i o n i z e d  HF reacts by t h e  Sul- 

€I++ m2- 
f- 
---m H2F2 

There is a s p e c i a l  p h y s i c a l  problem i n  l o a d i n g  a c i d  from s t r o n g  
The s t r o n g e r  t he  s o l u t i o n  ( low i n  s a l t s )  without  a v o i d i n g  d i l u t i o n .  

a c i d  t h e  h i g h e r  t h e  a c i d  l o a d i n g ,  b u t  t h e  lower  t h e  s o l u t i o n - t o -  
r e s i n  f l o w  ratio. Resin void volume i n  a packed column o f  uniform 
beads is 0.4. Whenever t h e  F/R (Feed-to-Resin) f low r a t i o  is less 
than  0.4, t h i s  means t h a t  t h e r e  is n o t  enough feed  s o l u t i o n  t o  
occupy t h i s  vo id  and d i s p l a c e  its conta ined  void volume o f  water. 
This  c a u s e s  d i l u t i o n .  By t h e  d e f i n i t i o n  of Acid Retarda t ion ,  d i l u -  
t i o n  c a u s e s  less r e s i n  c a p a c i t y  u t i l i z a t i o n  and i n c r e a s e d  acid loss .  
This  effect  is  counterac ted  by r e c y c l i n g  some o f  t h e  h i g h l y  conduc- 
t i v e  s a l t  waste to  d i s p l a c e  t h i s  vo id  volume water, or t o  avoid  
water i n t r u s i o n s .  See F i g u r e  3. Whenever t h e r e  is t race a c i d  w i t h  
b u l k  sa l t ,  t h e  F/R may b e  g r e a t e r  than  0.4 and t h i s  s p e c i a l  r e c y c l e  
f e a t u r e  is n o t  requi red .  

Thus far,  CSA h a s  p i l o t  demonstrated f i v e  systems; t h r e e  w i t h  

The purpose was t o  r e c y c l e  H2S04 and reduce a l k a l i  con- 
H2S04 and two w i t h  HC1. 
i n g  bath.  
sumption for n e u t r a l i z i n g  Al2(SO4l3. 
removed from t h e  s a l t  waste and about  90% o f  t h e  A 1  from t h e  a c i d  
product .  One hundred p e r c e n t  s e p a r a t i o n  c o u l d  n o t  be  a t t a i n e d  
because  of t h e  S u l - b i s u l  mechanism wi th  H2S04. Because o f  t h e  
i n h e r e n t  cont inuous  c o u n t e r c u r r e n t  e f f i c i e n c y  o f  t h e  C C I X  equipment 
used,  n e i t h e r  t h e  H2S04 nor  t h e  A12(S04)3 streams were d i l u t e d  as 
compared t o  t h e  feed.  

The first was t r e a t m e n t  o f  s p e n t  A 1  anodiz- 

About 90% o f  t h e  a c i d  was 
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5 -  

4 -  

3 -  

2 -  

1 -  

EQUIPMENT - 50.8 mm ( 2  In.) DIAMETER CClX UNIT 
RESIN - DOWEX SBR-P-16-30 MESH 
STRIP/RESIN FLOW RATIO - 1:l 

TAIL 
THE 

.ING CAUSED BY 
SUL-BISUL EFFECT 

/ 
/ 

/ 
/ 
/ 

/ 

I 1 d I I 1 I I I I 
1 61 122 183 244 305 

0' 
~~ 

STRIP (2) (4 I ( 6 )  
WATER 

IN CENTIMETERS (FEET) 

Figure 6. Comparison of Stripping Efficiency 
HC1 Versus  H2S04. 

Another s u l f a t e  system was w i t h  regenerant  waste from a c a t i o n  
Four normal H2S04 is  exchange t r e a t m e n t  of Bright-Dip A1P04'H3P04. 

used as regenerant .  The A 1  ( p l u s  Fe, C r ,  N i ,  Cu, etc.) is  
t r a n s f e r r e d  from t h e  H3P04 t o  t h e  H2S04. 
u n d i l u t e d  from 4% is s e n t  through Acid Retarda t ion .  
recovered  wi th  no d i l u t i o n ,  wi th  greater t h a n  90% r e j e c t i o n  or 
metals, and i n  s u i t a b l e  form f o r  r e u s e  as c a t i o n  regenerant .  

This  s u l f a t e  waste, 
The H2S04 is 

A t h i r d  s u l f a t e  system was for r e c o v e r y  and r e c y c l e  of lead 
s t o r a g e  b a t t e r y  acid. S p e c i f i c a t i o n  f o r  trace metals was v e r y  low; 
F e ,  Sb,  N i ,  Mn, A s ,  Zn, Cd, Cu, etc. 
r e f l u x i n g  H2SOs t o  s c r u b  o u t  metal contaminants. Product ion  ra te  of 
product  H2S04 s u f f e r s  somewhat t o  a t t a i n  h i g h  degree r e j e c t i o n  o f  
metals because some is used f o r  sc rubbing ,  b u t  one h a s  t h e  o p t i o n  t o  
a d j u s t  t h i s  as needed. 

Emphas is  was p l a c e d  on 

I D  
ID 
IT  
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CSA-CCLX TECHNOLOGY 1013 

One H C 1  system was a metal t r e a t i n g  waste p r i m a r i l y  made up of 
H C l ' A l C l  The o b j e c t i v e s  were t o  p r e p a r e  an a c i d - f r e e  A l C l  and t o  
r e c y c l e  &l. The A 1 C 1 3  was p r a c t i c a l l y  n e u t r a l  a t  about  pH\. 

Another c h l o r i d e  waste was about  3N and from a c a t i o n  exchange 
regenera t ion .  The b u l k  s a l t s  were Ca, Mg, K ,  and Na w i t h  traces of 
Fey  A s ,  A l ,  Mn, C r y  Pb, and N i .  Again, t h e  H C 1  was recovered  
s l i g h t l y  concent ra ted  w i t h  a 90% t o  95% e l i m i n a t i o n  o f  metals. 

An area t h a t  seems e s p e c i a l l y  a t t r a c t i v e  f o r  Acid R e t a r d a t i o n  
is t r e a t m e n t  of s p e n t  e l e c t r o w i n n i n g  c e l l  l i q u o r s ,  b o t h  c h l o r i d e  and 
s u l f a t e .  B u i l d  up o f  a c i d  i n  an e l e c t r o w i n n i n g  b a t h  reduces  c u r r e n t  
e f f i c i e n c y .  T h i s  accumulated a c i d  may b e  c o n t i n u a l l y  e x t r a c t e d ,  and 
c o n c e n t r a t e d ,  by Acid Retarda t ion .  

Another i n t e r e s t i n g  u t i l i z a t i o n  o f  Acid R e t a r d a t i o n  is t o  make 
No o t h e r  i o n  exchange system is known s t r o n g  a c i d s  from weak ac id .  

f o r  doing t h i s .  

The fo l lowing  weak-base r e s i n  r e a c t i o n s  is common: 

N a C l  + H2C03 + R R-HC1 + NaHC03 

However, t h e  H C 1  on t h e  r e s i n  cannot  be  removed as a c i d  and must be  
n e u t r a l i z e d .  

The q u e s t i o n  here was, would t h e  same r e a c t i o n  occur  w i t h  
s t rong-base  r e s i n  by Acid Retarda t ion?  The a c i d  could  t h e n  be  
removed w i t h  water. I n  o r d e r  t o  f u n c t i o n ,  t h e  Acid R e t a r d a t i o n  
r e s i n  a f f i n i t y  f o r  i o n i z e d  &ion  had t o  b e  s t r o n g e r  t h a n  t h e  
coord ina ted  bond o f  H-ion for the  weak acid. 

Near ly  s a t u r a t e d  N a C 1 ,  4kl, was mixed w i t h  a h i g h l y  s o l u b l e  
weak-trganic a c i d ,  formic as 3t4, which has  an i o n i z a t i o n  of K = 1.77 
x 10 . The mixture  was f e d  t o  a column o f  SBR and e l u t e d  wi th  
water. 

A s  noted from F i g u r e  7,  c h l o r i d e  was taken  up by t h e  r e s i n  i n  
t h e  o n l y  form it c o u l d  by Acid Retarda t ion ,  as h i g h l y  i o n i z e d  H C 1 ,  
w i t h  d i sp lacement  o f  Na and formate. 

A l o n g  range  g o a l  is product ion  of i o n  exchange water t r e a t m e n t  
s t r o n g  a c i d s  from lower c o s t  s o u r c e s  o r  wastes of HCOOH, HAC, SO2, 
and h o p e f u l l y  GO2. 

CONCLUSIONS 

Two p r o c e s s  extremes u s i n g  Continuous Countercur ren t  Ion 
Btchange (CCIX) were chosen as examples. The first was a p l a n t  
where t h e  feed- to- res in  f l o w  r a t i o  ranged from 500/1 t o  1000/1, 
which is t h e  
component from a v e r y  l a r g e  volume. 

paramount c o n s i d e r a t i o n  when e x t r a c t i n g  a trace 
T h i s  a p p l i c a t i o n  demonstrated 
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Figure 7. Production of Strong Acid from 
Weak Acid by Acid Retardation. 
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t h e  r e c o v e r y  of 5 ppm of U308 from a s u l f a t e  l e a c h  o f  low g r a d e  
copper  ore .  The second example was t h e  a d a p t i o n  o f  Acid R e t a r d a t i o n  
t o  CCW where i t  is necessary  t o  u t i l i z e  v e r y  low s o l u t i o n - t o - r e s i n  
f l o w  r a t i o s  i n  t h e  range  o f  0.2/1 t o  0.5/1. This  must be done 
wi thout  d i l u t i o n  because,  by d e f i n i t i o n ,  Acid R e t a r d a t i o n  o n l y  
f u n c t i o n s  i n  strong s o l u t i o n s .  
performance; (1)  high  l i q u i d  throughput  rate, and (2) maintenance o f  
s t r o n g  s o l u t i o n s ,  are i n h e r e n t  f e a t u r e s  o f  cont inuous  c o u n t e r c u r r e n t  
flow. The p a r t i c u l a r  d e v i c e  d e s c r i b e d  h e r e i n ,  known as t h e  CSA C C I X  
system, m e c h a n i c a l l y  allows such  extremes o f  f l o w  r a t i o s  t o  be  
achieved.  

These extremes of h igh  d e g r e e  
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