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SEPARATION OF MACRO-QUANTITIES OF ACTINIDE ELEMENTS AT 
SAVANNAH RIVER BY HIGH-PRESSURE CATION EXCHANGE 

G .  A .  Burney 
Savannah River  Laboratory 

E. I .  du Pont de  Nemours & Co. 
Aiken, SC 29801 

ABSTRACT 

Large-scale  s e p a r a t i o n  o f  a c t i n i d e s  from f i s s i o n  products  and 
from each o t h e r  by p r e s s u r i z e d  c a t i o n  exchange chromatography a t  
Savannah River  is reviewed. S e v e r a l  ki lograms o f  2 4 4 C m  have been 
s e p a r a t e d ,  w i t h  each run  c o n t a i n i n g  as much as 150 g of 2 4 4 C m .  

Dowe$ 50W-X8 (Dow Chemical Co.) c a t i o n  r e s i n ,  graded t o  
30-70 micron s i z e  range ,  i s  used,  and s e p a r a t i o n  i s  made by e l u t i n g  
wi th  0.05M d i e t h y l e n e t r i a m i n e  p e n t a a c e t i c  a c i d  (DTPA) a t  a pH 
of 3. The e f f l u e n t  from t h e  column i s  cont inuous ly  monitored by 
a BF3 d e t e c t o r ,  a NaI d e t e c t o r ,  and a l i t h i u m - d r i f t e d  germanium 
d e t e c t o r  and gamma spec t rometer  t o  guide  c o l l e c t i o n  of product  
f r a c t i o n s .  

Operat ing t h e  columns a t  300 t o  1000 p s i  p r e s s u r e  e l i m i n a t e s  
r e s i n  bed d i s r u p t i o n  caused by r a d i o l y t i c a l l y  produced g a s e s ,  and 
o p e r a t i n g  a t  i n c r e a s e d  f low rates d e c r e a s e s  the r a d i o l y t i c  degra- 
d a t i o n  o f  t h e  r e s i n  p e r  u n i t  of product  processed.  

A p o r t i o n  of t h e  h o t  canyon of a product ion  rad iochemica l  
s e p a r a t i o n  p l a n t  w a s  converted from a remote crane-operated 
f a c i l i t y  t o  a mas ter -s lave  manipulator-operated f a c i l i t y  f o r  
s e p a r a t i o n  and p u r i f i c a t i o n  of a c t i n i d e  elements  by p r e s s u r i z e d  
c a t i o n  exchange. It a l s o  c o n t a i n s  an evapora tor ,  f u r n a c e s ,  a 
c a l o r i m e t e r ,  and s e v e r a l  p r e c i p i t a t o r s  and a s s o c i a t e d  t a n k s .  
A c t i n i d e  process ing  from t a r g e t  d i s s o l u t i o n  t o  packaging o f  
p u r i f i e d  product  i s  planned i n  t h i s  f a c i l i t y .  
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7611 BURNEY 

INTRODUCTION 

S e v e r a l  ki lograms o€ 244Cm and 2 4 3 A m  and s e v e r a l  mi l l ig rams 

of  L52Cf were produced a t  Savannah River by i r r a d i a t i o n  of a 

mixture  of  plutonium i s o t o p e s  ( I ) .  The plutonium w a s  s e p a r a t e d  

by s o l v e n t  e x t r a c t i o n ,  and t h e  o t h e r  a c t i n i d e s  w e r e  s e p a r a t e d  

from each o t h e r  and from l a r g e  q u a n t i t i e s  o f  f i s s i o n - p r o d u c t  r a r e  

e a r t h s  by displacement-development chromatography i n  a system of 

p r e s s u r i z e d  steel columns i n  t h e  h i g h  l eve l  caves a t  t h e  Savannah 

River  Laboratory ( 2 ) .  The e l u t r i a n t  w a s  0.05 M d i e t h y l e n e t r i a m i n e  

p c n t a a c e t i c  a c i d  (DTPA) b u f f e r e d  w i t h  ammonium hydroxide.  A s  

much as 100 grams of 2 4 4 C m  was s e p a r a t e d  from s e v e r a l  moles of 

mixed r a r e  e a r t h s  and o t h e r  f i s s i o n  products  i n  a s i n g l e  ba tch .  

A unique computer-control led o n - l i n e  moni tor ing  system d i r e c t s  

t h e  s e p a r a t i o n s  i n  t h e  i o n  exchange system ( 3 ) .  

A p o r t i o n  of one of  t h e  l a r g e  rad iochemica l  s e p a r a t i o n  p l a n t s  

n t  SRf' h a s  been conver ted  t o  a h e a v i l y  s h i e l d e d  e i g h t  c e l l  master 

s l ' ive  manipula tor  opera ted  f a c i l i t y  (MPPF) f o r  s e p a r a t i o n  and 

p u r i f i c a t i o n  of a c t i n i d e  elements  by a p r e s s u r i z e d  cation-exchange 

system ( 4 ) .  The system, p r e s e n t l y  be ing  t e s t e d  f o r  s t a r t u p  i n  

1980, a l s o  i n c l u d e s  a d i s s o l v e r ,  two e v a p o r a t o r s ,  s e v e r a l  pre- 

c i p i t a t o r s ,  f u r n a c e s ,  a c a l o r i m e t e r ,  and a s s o c i a t e d  tanks .  

A c t i n i d e s  w i l l  b e  processed  i n  t h e  MPPF from d i s s o l u t i o n  of  

i r r a d i a t e d  t a r g e t s  t o  packaging of p u r i f i e d  products .  The s i z e  

of t h e  c a t i o n  exchange columns w i l l  be  v a r i e d  as r e q u i r e d  f o r  

d i f f e r e n t  programs. Neutron s h i e l d i n g  w i l l  permi t  process ing  

as much as 250 mg of 252Cf p e r  ba tch .  

DISCUSSION 

- Advantages of P r e s s u r i z e d  Cat ion  Exchange 

With s m a l l  p a r t i c l e  r e s i n ,  e q u i l i b r a t i o n  between s o l u t i o n  

and r e s i n  i s  a t t a i n e d  r a p i d l y  because d i f f u s i o n  d i s t a n c e s  are 

s h o r t  i n  both t h e  r e s i n  p a r t i c l e s  and i n  the aqueous f i l m  

surrounding t h e  p a r t i c l e .  The use  of s m a l l - p a r t i c l e  r e s i n  
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MACRO-QUANTITIES OF A C T I N I D E  ELEMENTS 765 

improves t h e  k i n e t i c s  and g i v e s  a more uniform flow, which a l lows  

f a s t  f lows f o r  t h e  loading  and e l u t i o n  s t e p s .  The high f lows 

reduce t h e  t i m e  necessary  f o r  s e p a r a t i o n  and thus  r a d i a t i o n  and 

thermal  damage t o  t h e  r e s i n s  from h i g h l y  r a d i o a c t i v e  products .  

To i n c r e a s e  f lows w i t h  s m a l l - p a r t i c l e  r e s i n ,  t h e  feed  and 

e l u t r i a n t  s o l u t i o n s  are p r e s s u r i z e d .  P r e s s u r i z i n g  t h e s e  s o l u t i o n s  

has  t h e  advantage of d i s s o l v i n g  t h e  r a d i o l y t i c  gases  genera ted  by 

r a d i o l y s i s  of s o l u t i o n  p r i m a r i l y  by a lpha  p a r t i c l e s  and f i s s i o n  

fragments .  R a d i o l y t i c  gases  can cause  bed d i s r u p t i o n s ,  which 

may r e s u l t  i n  i r r e g u l a r  f low and chanel ing.  When t h e  columns are 

opera ted  a t  e l e v a t e d  temperatures ,  s o l u t i o n  v i s c o s i t y  i s  reduced 

and t h e  p r e s s u r e  drop i s  lower f o r  a given flow. 

A thorough s a f e t y  a n a l y s i s  of any high-pressure system 

should precede handl ing of r a d i o a c t i v e  material. Pressur ized  

systems w i t h  p o s i t i v e  displacement  pumps t o  feed nonradioac t ive  

s o l u t i o n s  t o  i o n  exchange columns d i r e c t l y  have been opera ted  

s a f e l y  wi th  t h e  u s e  of p r e s s u r e  r e l i e f  v a l v e s ,  check v a l v e s ,  

surge  tanks ,  and r a d i o a c t i v e  monitors .  

Systems f o r  Process ing  Macro Q u a n t i t i e s  of Act in ides  

Cat ion Exchange 

The system c o n s i s t s  p r i n c i p a l l y  of four  columns, a feed 

tank,  and a r e s i n  t r a n s f e r  tank (Fig. 1 ) .  The columns w e r e  

cons t ruc ted  of Type 304L s t a i n l e s s  s tee l ,  Schedule 80 p ipe  and 

are 122 c m  long.  General ly  f o u r  columns w i t h  nominal d iameters  

of 10.2, 7.6, 5.1, and 2.5 c m  have been used b u t  columns w i t h  

d iameters  20.3, 15.2, 10.2, and 5 .1  c m  w i l l  be  used i n  MPPF when 

t h e  mole r a t i o  of l a n t h a n i d e s  t o  a c t i n i d e s  i s  15  t o  1 and 

q u a n t i t i e s  of americium and curium are approximately equal .  

Resin i s  he ld  i n  t h e  column by a 10 Um s t a i n l e s s  steel f r i t .  

The columns are j a c k e t e d  f o r  temperature  c o n t r o l  w i t h  a steam- 

w a t e r  mix ture  and are  r a t e d  f o r  cont inuous o p e r a t i o n  a t  1000 p s i g  

and 9 3 O C .  

t o  t h e  columns. The system is  designed so t h a t  t h e  pump can feed  

A p o s i t i v e  displacement  pump i s  used t o  feed s o l u t i o n  
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FIGURE 1. P r e s s u r i z e d  Cat ion Exchange System 

t h e  cation-exchange columns e i t h e r  d i r e c t l y  ( f o r  n o n r a d i o a c t i v e  

s o l u t i o n s ) ,  o r  by water d isp lacement  through a p r e s s u r i z e d  feed  

tank ( f o r  r e s i n  s l u r r i e s  o r  r a d i o a c t i v e  f e e d ) .  Radioac t ive  

s o l u t i o n s  a r e  never  t r a n s f e r r e d  through t h e  pump. Each l i n e  l e a d i n g  

from t h e  pump p a s s e s  through a r e l i e f  v a l v e  t o  prevent  over- 

p r e s s u r i z a t i o n  of t h e  system. Each column i s  a l s o  provided w i t h  

a p r e s s u r e  r e l i e f  v a l v e .  To prevent  back-up of r a d i o a c t i v e  

s o l u t i o n ,  each f e e d  l i n e  p a s s e s  through a spr ing-loaded check 

v a l v e ,  a s u r g e  tank ,  and a n o t h e r  check valve. Gamma moni tors  are 

placed n e a r  t h e  feed  l i n e s  where t h e  l i n e s  e n t e r  t h e  s h i e l d e d  

c e l l  w a l l .  

Dowex@ 50W-X8 r e s i n  (Dow Chemical) i s  h y d r a u l i c a l l y  graded 

t o  approximately a 20 urn range;  p a r t i c l e s  may be  40 t o  110 pm. 

The narrow range  (20 urn) i s  necessary  t o  main ta in  t h e  p r e s s u r e  

drop below 1000 p s i g  a t  f lows of 1 6  mL/(min)(cm2). 

o p e r a t i n g  exper ience ,  r e s i n  exposure is  l i m i t e d  t o  4 k i l o w a t t  

Based on 
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MACRO-QUANTITIES O F  ACTINIDE ELEMENTS 767  

hours  per  l i ter .  A t  h i g h e r  exposures ,  t h e  p r e s s u r e  drop w a s  

h igher  and curium w a s  n o t  e l u t e d  i n  a sharp  band. 

In-Line Analysis  System 

A l l  column e f f l u e n t  f lows through a doubly conta ined  0.64 c m  

s t a i n l e s s  steel l i n e  t h a t  passes  through t h e  ce l l  w a l l ,  forms a 

loop and passes  back i n t o  t h e  cel l  (Fig. 2) .  Three r a d i a t i o n  

d e t e c t i o n  systems are p o s i t i o n e d  around t h e  loop: a BF3 neut ron  

monitor ,  a N a I  s c i n t i l l a t i o n  d e t e c t o r  f o r  h igh  energy gamma r a y s  

and a Ge(Li) low-energy photon d e t e c t o r  (3) .  

Spontaneous f i s s i o n  neut rons  from '''Cf and 2 4 4 C m  are d e t e c t e d  

w i t h  a BF3 probe. 

t h e  neut ron  count ing system, b u t  are e a s i l y  d i s t i n g u i s h e d  by moni- 

t o r i n g  t h e  42.9-keV 2 4 4 C m  photopeak w i t h  t h e  Ge(Li) d e t e c t o r .  

The BF3 tube i s  s h i e l d e d  f o r  background r a d i a t i o n  w i t h  1 3  c m  of 

p a r a f f i n  and Benelex@ (Masonite Corp.) t o  thermal ize  f a s t  neut rons  

and 0.64 c m  of cadmium t o  s t o p  thermal  neut rons .  The system has  

shown no gamma s e n s i t i v i t y  f o r  r a d i a t i o n  l e v e l s  up t o  1000 R/hr. 

252Cf and 2 4 4 C m  are n o t  d i f f e r e n t i a t e d  w i t h  

A 

FIGURE 2. Monitor and Instrument  P o r t  Arrangement 
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7 6 8  BURNEY 

The NaI s c i n t i l l a t i o n  d e t e c t o r  c o n s i s t s  of a s i n g l e  channel  

ana lyzer  set on t h e  1274-keV peak of 1 5 4 E ~ .  
responds t o  Compton gamma r a y s  from lo6Ru-Rh and 144Ce-Pr and t o  

t h e  prompt f i s s i o n  gamma r a y s  of 252Cf and 2 4 4 C m .  

i s  used t o  confirm r e s u l t s  from t h e  o t h e r  two systems and t o  

d e t e c t  t h e  breakthrough of 1 5 4 E ~  i n  t h e  curium and americium region .  

I n  t h e  ahsrnce  of terbium, europium i s  t h e  f i r s t  element t o  e l u t e  

a f t e r  americium. 

The system a l s o  

The N a I  system 

The G e ( L i )  d e t e c t o r  g i v e s  s p e c i f i c  q u a n t i t a t i v e  a n a l y s e s  f o r  

244(3% 2 4 3 A m  , 1 5 4 E u ,  144Ce-Pr, 237Np, and lo6Ru-Rh. The lower 

l i m i t  of d e t e c t i o n  f o r  each element i s  determined by t h e  back- 

ground, p r i m a r i l y  Compton events  from h i g h e r  energy gammas, and 

i s  a f a c t o r  of l o 3  below t h e  maximum e l u t i o n  l e v e l  of each 

n u c l i d e .  The Ge(Li) d e t e c t o r  i s  c a l i b r a t e d  b e f o r e  each b a t c h  by 

f lowing s t m d a r d  s o l u t i o n s  through t h e  steel  loop.  

A computerized system was designed and developed around a 

PDP-9 computer and a 200-mHz analog  t o  d i g i t a l  c o n v e r t e r  (2 ) .  

The c o n c e n t r a t i o n  of a l l  n u c l i d e s  of i n t e r e s t  and a c t i v i t y  d a t a  

from t h e  BF3 and NaI d e t e c t o r s  are p r i n t e d  as o f t e n  as  every 

30 seconds.  Ge(Li) s p e c t r a  a r e  d i s p l a y e d  on an o s c i l l o s c o p e .  

Process  Chemistry __-___ 
Because c a t i o n  exchange r e s i n s  show l i t t l e  s e l e c t i v i t y  among 

l a n t h a n i d e s  and a c t i n i d e s ,  a c h e l a t i n g  agent  i s  used t o  s e p a r a t e  

t h e  elements  i n t o  s e p a r a t e  bands. Displacement development 

chromatography w i t h  DTPA is  used. The r e s i n  i s  loaded w i t h  z i n c  

(as h a r r i e r  i o n )  t h a t  h a s  less a f f i n i t y  f o r  t h e  r e s i n  than t h e  

ions  t o  be  s e p a r a t e d .  Then a mixture  of l a n t h a n i d e s  and a c t i n i d e s  

i s  sorbed on the c a t i o n  r e s i n  and DTPA flowed through t h e  r e s i n  

bed. Because t h e  s t a b i l i t y  of t h e  complex i o n  fonned by each 

element i s  d i f f e r e n t ,  t h e  e lements  form s e p a r a t e  hands and a r e  

e l u t e d  from t h e  column i n  o r d e r  of d e c r e a s i n g  s t a b i l i t y  c o n s t a n t s  

of t h e  complex. A b i n a r y  zone, o r  o v e r l a p  r e g i o n  i s  between each 

band of  pure component because t h e  column i s  n o t  a t  e q u i l i b r i u m  

a t  1 - i n i t e  f lows.  
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Tests determined t h e  number of moles of l a n t h a n i d e  p l u s  

a c t i n i d e  t h a t  can  be  loaded p e r  l i t e r  of c a t i o n  resin from solu-  

t i o n s  of v a r i o u s  HNo3,  N a N 0 3 ,  and Ln+An(N03)3 c o n c e n t r a t i o n s .  

Publ i shed  d a t a  d i d  n o t  i n c l u d e  t h e  c o n c e n t r a t i o n  ranges  of 

i n t e r e s t .  A g e n e r a l  e q u i l i b r i u m  t rea tment  f o r  s o r p t i o n  i s  g iven  

i n  Reference 5. To test  t h e  c a l c u l a t e d  curve ,  s o l u t i o n s  of  

vary ing  c o n c e n t r a t i o n s  of n i t r i c  a c i d ,  sodium n i t r a t e ,  and 

praseodymium n i t r a t e  were passed through cation-exchange resin 

loaded w i t h  z inc .  The praseodymium w a s  s t r i p p e d  w i t h  2 M HNO3 

and determined by EDTA t i t r a t i o n .  Experimental and c a l c u l a t e d  

d a t a  are compared i n  Fig .  3, which p l o t s  the f r a c t i o n  of resin 

i n  t h e  a c t i n i d e - l a n t h a n i d e  form and o = 0.125 “a+] i- 

0.057 [H+]/[An-Ln] . 113 

H e l f f e r i c h  and James (6) d e s c r i b e d  a method f o r  c a l c u l a t i n g  

t h e  band l e n g t h s  of resin r e q u i r e d  t o  s e p a r a t e  a multicomponent 

mixture  by displacement  development chromatography. 

f o r  t h e  c a l c u l a t i o n  are s e p a r a t i o n  f a c t o r s  of t h e  components 

r e l a t i v e  t o  t h e  last element e l u t i n g  from t h e  column and mole 

f r a c t i o n  composi t ion of t h e  mixture  t o  b e  separa ted .  A more 

Data r e q u i r e d  

0.0 
0.0 0.4 0.8 1.2 1.6 2.0 

U 

FIGURE 3 .  S o r p t i o n  of P r  by Dowex@ 50W-X8 a t  70°C 
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770 BURNEY 

d e t a i l e d  d i s c u s s i o n  of t h i s  method and a computer code t o  perform 

t h e  c a l c u l a t i o n  f o r  mixtures  of a c t i n i d e s  and l a n t h a n i d e s  i s  

given i n  Reference 5. 

The s t u d i e s  of Wheelwright (7)  and Lowe (8) w e r e  extended 

t o  determine t h e  e f f e c t s  of s e v e r a l  v a r i a b l e s  on t h e  s e p a r a t i o n  

of nonradioac t ive  l a n t h a n i d e s .  Equimolar mixtures  of neodymium, 

praseodymium and samarium were sorbed i n  Dowex@ 5OW-X8, z inc-  

form r e s i n ,  and s e p a r a t e d  by e l u t i n g  w i t h  0.05 M DTPA. The 

t h e o r e t i c a l  p l a t e  h e i g h t  (TPH) f o r  each t e s t  w a s  c a l c u l a t e d  by 

t h e  method of Wheelwright(7) and Lowe (8) .  

The e f f e c t  of temperature  on t h e o r e t i c a l  p l a t e  h e i g h t  i s  

shown i n  F ig .  4 ;  t h e  TPH d e c r e a s e s  from 1.5 c m  a t  5OoC t o  0.9 c m  

a t  7 O o C  w i t h  o t h e r  c o n d i t i o n s  c o n s t a n t .  Fig.  5 shows r e s u l t s  of 
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FIGURE 4 .  E f f e c t  of Temperature on T h e o r e t i c a l  P l a t e  Height 
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771 

1 

FIGURE 5. E f f e c t  of pH on T h e o r e t i c a l  P l a t e  Height  

tests w i t h  0.05 M DTPA a t  16 and 32 mL/(min)(cm2) and pH 3 and 6 .  

The lower pH l i m i t  was set  a t  3 because DTPA c r y s t a l l i z e s  from 

0.05 M s o l u t i o n  a t  pH 2.8. The TPH f o r  t h e  t e s t  a t  pH 3 and 

32 mL/(min)(cm2) i s  approximately e q u a l  t o  t h a t  f o r  t h e  t es t  a t  

pH 6 and 16 m L / ( m i n )  (em’). These d a t a  i n d i c a t e  t h a t  s e p a r a t i o n  

of  americium and curium is e x c e l l e n t  w i t h  0.05 M DTPA a t  any pH 

from 3 t o  6 w i t h  a f low of 16 mL/(min)(cm2). 

a t  32 mL/(min)(cm2), pH 3 i s  r e q u i r e d  f o r  a low TPH and good 

s e p a r a t i o n  of americium and curium. I n  a n o t h e r  t es t ,  t h e  e f f e c t  

of f low between 10 and 20 mL/(min)(cm2) on TPH i s  shown i n  F ig .  6. 

With 0.05 M DTPA 

The v a r i a t i o n  of p r e s s u r e  (AP) w i t h  p a r t i c l e  d iameter  f o r  

d i f f e r e n t  temperatures  and a t  a c o n s t a n t  vo id  f r a c t i o n  (€1 of  0.26 

is shown i n  F ig .  7 .  For t h e  d e s i r e d  p r e s s u r e  drop l i m i t  of 
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FIGURE 6.  E f f e c t  of Flow R a t e  on T h e o r e t i c a l  P l a t e  Height  

1000 p s i g ,  35 u m  r e s i n  can be  used i f  t h e  e l u t r i a n t  tempera ture  

i s  50°C. I n  every tes t ,  AP was h i g h e r  than c a l c u l a t e d  from t h e  

Ergun equat ion  (9)  because of  t h e  r e l a t i v e l y  w i d e  range i n  

diameter  of  t h e  r e s i n  p a r t i c l e s  used.  

Hale and Hammer (10) determined t h e  c a t i o n  exchange e l u t i o n  

sequence of 42 c a t i o n s ,  i n c l u d i n g  all t h e  l a n t h a n i d e s ,  e i g h t  

a c t i n i d e s  and most of  t h e  common d i v a l e n t  and t r i v a l e n t  i o n s .  

The elements  were e l u t e d  w i t h  0.05 M DTPA a t  pH 6 (Table 1) .  

P r i o r  d a t a  f o r  t h e  DTPA system (11, 1 2 )  w a s  e i t h e r  l i m i t e d  t o  a 

f e w  elements  o r  t h e  DTPA c o n c e n t r a t i o n  and pH were d i f f e r e n t .  

Thcsc d a t a  were necessary  f o r  p r o c e s s  des ign  c a l c u l a t i o n s ,  

s e l e c t i o n  of a b a r r i e r  i o n ,  and c o n t r o l  of  product  p u r i t y .  The 

i o n  exchange e l u t i o n  sequences cannot  be  p r e d i c t e d  a c c u r a t e l y  
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MACRO-QUANTITIES OF A C T I N I D E  ELEMENTS 7 7 3  

0 
15 25 35 45 55 

Resin Particle Diameter, microns 

FIGURE 7 .  AP vs .  Resin P a r t i c l e  Diameter a t  Various Temperatures 

w i t h  t h e  l i m i t e d  thermodynamic d a t a  a v a i l a b l e .  E l u t i o n  sequences 

are n o t  c o r r e l a t e d  w i t h  metal-DTPA s t a b i l i t y  c o n s t a n t s  (Table  1). 

Process  Operat ion 

Feed adjustment  s t e p s  p r i o r  t o  s o r p t i o n  of Ln + An on Dowex@ 

50W-X8 r e s i n  inc lude :  

Volume reduct ion  by evapora t ion .  

0 Formic a c i d  d e n i t r a t i o n  t o  reduce t h e  n i t r i c  a c i d  

c o n c e n t r a t i o n  t o  <1M.  

Addi t ion of N a N 0 2  and h e a t i n g  t o  >7OoC t o  conver t  t h e  

ruthenium ni t ra to-complexes t o  ruthenium nitro-complexes. 

The n i t r i c  a c i d  must be <lM t o  a t t a i n  t h e  d e s i r e d  loading  of 

Ln + An on t h e  r e s i n ;  t h e  ruthenium is  a d j u s t e d  t o  s p e c i e s  t h a t  

pass  through the r e s i n  bed dur ing  loading  so t h a t  t h e  a c t i n i d e  

products  are  n o t  contaminated dur ing  e l u t i o n  wi th  DTPA. 
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TABLE 1 

Cat ion  Exchange E l u t i o n  Sequence w i t h  0.05MDTPA(pH 6.0) a t  70°C 

Ion 

PU4+ 
Ga 3+ 

B i  3+ 

(Fe 3+ 
rn  3+ 

C r  3 + )  

cu7+ 
Ni 2+ 

~ m 3 +  

E s  3+ 

Cf 3+ 

Th 4+ 

s c  3+ 

Co 2+ 

Rk 3+ 

Zn '+ 
Cd '+ 

l o g  K 
(M-DTPA) a Ion 

29.49(2OoC) 
25 .54(2OoC) 
29.7(2OoC) 

29.3 (20'C) 
2 7 . 6 5 ( ? )  

20.07 
19.00 

23.07 
23.02 
28.78(2OoC) 
23.65 

22.70 
17.40 
17.96 

18. 24 

Pb '+ 16.83 

A1 3f 19.32 
Yb 3+ 21.89 

~m 3+ 22.12 

T m 3 +  
E r  '+ 
Ho 3+ 

Dy 3+ 
LU3+ 
Am3+ 
Tb 3+ 

Sm 3+ 

Y 3+ 

~m 3+ 

Nd 3+ 

~r 3+ 

C e  3+ 
La 3+ 
Mn '+ 
Be2+ 

(Gd 3 + - E ~  3+) 

Mg2+ 
C a 2 +  
S r  '+ 
Ba2+ 

log K 
(M-DTPA) a 

21.95 
21.99 
22.00 
22.00 
21.85 
22.06 
21.93 

21.58 
21.29 

20.92 
20.45 
19 .85  
18.98 
14.78 

9 .31  
10.02 

8.95 
7.8% 

21.75-21.76 

a A l l  v a l u e s  a t  70°C u n l e s s  o t h e r w i s e  noted .  

For one f l o w s h e e t ,  a system of f o u r  122-cm-long columns i s  

used: 10 .2 ,  7 .6 ,  5 . 1 ,  and 2 .5  c m  i n  d iameter .  The columns are 

all w a t e r  j a c k e t e d  and opera ted  between 70 and 80°C. The r e s i n  

i n  each column i s  s a t u r a t e d  w i t h  z i n c  b a r r i e r  i o n  b e f o r e  each 

ba tch .  The e l u t i n g  a g e n t  i s  0.05 M DTPA a d j u s t e d  t o  e i t h e r  pH 6 

o r  3 w i t h  ammonium hydroxide.  

I n  a t y p i c a l  t e s t ,  f e e d  i s  loaded o n t o  res in  i n  t h e  10.2-cm- 

d iameter  column by d isp lacement  from t h e  f e e d  tank  w i t h  water .  No 

s e p a r a t i o n  i s  a t t a i n e d  i n  t h i s  s t e p .  The Ln + An band i s  spread  

because t h e  f e e d  c o n t a i n s  hydrogen and sodium i o n s .  The r e s i n  

i s  washed w i t h  d i l u t e  z i n c  n i t r a t e  t o  d i s p l a c e  sodium and hydrogen 

wi th  z i n c ,  and DTPA f low is s t a r t e d .  The bands are e l u t e d  
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MACRO-QUANTITIES OF ACTINIDE ELEMENTS 7 75 

s u c c e s s i v e l y  through t h e  f o u r  columns. 

diameter  columns are used because t h e  l e n g t h  of t h e  over lap  zone 

i s  independent of t h e  column diameter  bu t  t h e  amount of material 

i n  t h e  zone i n c r e a s e s  as t h e  square  of t h e  diameter .  

Successively smaller 

The o r d e r  of e l u t i o n  f o r  t h e  a c t i n i d e s  and major l a n t h a n i d e  

f i s s i o n  products  i s  Cf, Cm, Am, Eu, Sm, Pm, Nd, P r ,  and Ce. E s  

and Fm appear  j u s t  ahead of Cf (and are e l u t e d  w i t h  Cf) and Bk 

i s  between Cf and Cm. Bk, C f ,  Es, and Fm move i n t o  t h e  z i n c  b a r r i e r  

and are w e l l  separa ted  from Cm. 

DTPA i s  pumped through t h e  10.2-cm column a t  1 . 2  L/min 

[16 mL/ (min) (cm')] . 
breakthrough (1.50 ug Cf/L), t h e  7.6-cm column i s  valved i n  and 

t h e  f low reduced t o  16 mL/(min)(cm2) on t h e  7.6-cm column. 

S i m i l a r l y ,  t h e  5.1-cm column is valved i n  and t h e  f low reduced 

when t h e  "'Cf e x i t i n g  t h e  7.6-cm column i s  1.50 pg/L. 

"'Cf i s  c o l l e c t e d  from t h e  5.1-cm column when t h e  c o n c e n t r a t i o n  

reaches  1.50 pg/L u n t i l  i t  drops t o  1.50 pg/L. 

"'Cf and 2 4 4 C m ,  and a 5 0 - l i t e r  berkelium f r a c t i o n  i s  c o l l e c t e d  

fo l lowing  t h e  2 5 2 C f  f r a c t i o n .  

as  2 4 4 C m  breaks  through a t  0.03 g/L. 

a d d i t i o n a l  r e s o l u t i o n  of t h e  products .  

t h e  Ge(Li) d e t e c t o r  i n d i c a t e s  breakthrough of 243Am, then  a mixed 

Cm - Am f r a c t i o n  i s  c o l l e c t e d  u n t i l  244Cm decreases  t o  0.03 g/L. 

A pure  americium f r a c t i o n  i s  then c o l l e c t e d  u n t i l  t h e  NaI and 

Ge(Li) d e t e c t o r s  i n d i c a t e  l s4Eu breakthrough;  then  a mixed Am - Eu 

f r a c t i o n  i s  c o l l e c t e d  u n t i l  americium i s  no longer  d e t e c t a b l e .  

Lanthanides  remaining on t h e  columns are e l u t e d  t o  waste w i t h  

0.3 M DTPA a t  pH 8. The over lap  f r a c t i o n s  are recyc led  t o  a 

subsequent ba tch .  A t y p i c a l  e l u t i o n  i s  shown i n  F ig .  8 f o r  e f f l u e n t  

from t h e  2.5-cm column (small  amount of americium) and a n  i d e a l i z e d  

e l u t i o n  diagram f o r  a l l  products  i s  shown i n  Fig.  9. The d e t e c t i o n  

l i m i t s  r equi red  are g iven  i n  Table 2.  

When t h e  BF3 d e t e c t o r  i n d i c a t e s  neut ron  

The 

'"Bk e l u t e s  between 

The 2.5-cm column i s  added as soon 

This  column provides  

2 4 4 C m  i s  c o l l e c t e d  u n t i l  

Another f lowsheet  w a s  t e s t e d  t o  demonstrate  t h e  s e p a r a t i o n  and 

p u r i f i c a t i o n  of curium and americium when t h e  q u a n t i t i e s  of Cm and 
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Ef f luent  f rom I-inch Column, l i ters 

FIGURE 8. Typica l  E l u t i o n  Diagram 

Am were about  e q u a l  and t h e  mole r a t i o  of l a n t h a n i d e s  to  a c t i n i d e s  

w a s  about  t e n .  The feed  conta ined  81  g of Cm, 76 g of Am, 162 g 

o f  C e ,  60 g of P r ,  250 g of Nd, 65 g of Sm, 10 g o f  Eu, and 22  g 

of Gd. Three 122-cm-long columns w e r e  used: 10.2,  7.6, and 5 . 1  cm 

diameter .  The 10.2-cm column w a s  80% loaded ,  and products  w e r e  

e l u t e d  wi th  0.05 M DTPA a t  pH 3. The f l o w  w a s  16 mL/(min)(cm2) 

through the  10.2- and 7.6-cm columns and 32 mL/ (min) (cm2) through 

the 5.1-cm column. The d a t a  are g iven  i n  F i g .  10. Approximately 

60 g of pure  Cm and 30 g of pure  Am w e r e  e l u t e d  from t h e  5.1-cm 

column. 

t h e  r e s i n  d i d  n o t  overhea t .  

With a f low of 32 mL/(min>(crn2> through t h e  5.1-cm column, 
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i 
c1 
c 
0)  
V c 
0 
V 

1 1 1 1 1 8 1  

0 50 100 
Volume, l i t e r s  

150 

0 The e f f l u e n t  from the 4" co l .  i s  monitored f o r  C f ;  when C f  i s  
detected a t  a l e v e l  o f  0.05 mg/L the e f f l u e n t  i s  d i v e r t e d  t o  
the 3"  column. 

0 The e f f l u e n t  from 3"  c o l .  i s  d i v e r t e d  t o  2" c o l .  a t  l e v e l  o f  
0.05 mg Cf/L. 
C f  i s  c o l l e c t e d  from 2" cot.. s t a r t i n g  when C f  i s  detected and 
cont inued u n t i l  C f  concen t ra t i on  has dropped t o  0.05 m g / ~ .  

0 Bk i s  c o l l e c t e d  from the 2" co l .  u n t i l  Cm i s  detected a t  
0.03 g/L. A t  t h i s  t ime the e f f l u e n t  i s  d i v e r t e d  t o  the 1" c o l .  

0 The e f f l u e n t  from the 1" co l .  i s  d i v e r t e d  t o  waste u n t i l  Cm i s  
detected a t  0.03 g/L. A t  t h i s  t ime Cm product i s  c o l l e c t e d  
u n t i l  I 5 *Eu  breakthrough occurs a t  a l e v e l  o f  2 x 10' d/m/ml. 

0 Then the Cm-Am-Eu recyc le  f r a c t i o n  i s  c o l l e c t e d  u n t i l  the Cm 
concentrat ion has dropped t o  0.03 g/L. 

0 Then the column e f f l u e n t  i s  d i v e r t e d  t a  waste u n t i l  the f i s -  
s ion  products have been f lushed from the 2 and 1" columns. 

FIGURE 9. Idealized Elution Diagram 

TABLE 2 

Detection Limits Required for Cation Exchange Separation 

Nuclide Sensitivity 

244Cm 0.03 g/L 

0.06 g/L 
252Cf 1 M I L  
24 3 ~ m  

1 5 4 E ~  2x108 dpm/mL 
"''~e 3x10' dpm/mL 
16'Tb 2x20' dpm/mL 

The dose rate from gamma fission products impurities i n  the 

244Cm product was <lo% of that from pure 244Cm.  

impurity (except Am) exceeded 0.2 wt %. Total impurities (except 

Am) were <1 wt %; total impurities (with Am) were <3 wt %. The 

No single 
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FIGURE10. Separa t ion  of Am and Cm w i t h  DTPA 

m a t e r i a l  ba lance  f o r  e i g h t  c o n s e c u t i v e  t e s t s  (>75 g Cm i n  each 

t e s t )  w a s  99 * 3 % .  

Mult ipurpose Process ing  F a c i l i t y  (MPPF) 

The MPPF i s  a v e r s a t i l e  process ing  f a c i l i t y  f o r  s e p a r a t i o n  

and p u r i f i c a t i o n  of  a c t i n i d e  elements  ( 4 ) .  Some p a r t s  of t h e  

system a r e  now u s e d  t o  p r e c i p i t a t e  241Am; t h e  remainder w i l l  b e  

used i n  1980. 

i n  a l a r g e  radiochemical  s e p a r a t i o n s  p l a n t  (F ig .  1 1 ) .  The MPPF 

f a c i l i t y  c o n t a i n s  80 tanks  (1 t o  500 l i t e r s  c a p a c i t y ) ,  2.250 

v a l v e s ,  and 1.7 m i l e s  of 3/8-inch tub ing .  S i x  ce l l s  are f o r  

chemical process ing;  two ce l l s  are f o r  c lose-coupled a n a l y t i c a l  

The f a c i l i t y  occupies  e i g h t  h e a v i l y  s h i e l d e d  c e l l s  
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CONTROL ROOM 

7 7 9  

E 

CELL LAYDOWN 

GANG VALVE CORRIDOR 

FIGURE 11. Plan  V i e w  Multi-Purpose Process ing  F a c i l i t y  

support .  Each c e l l  has  a viewing window of e i g h t  panes of high- 

d e n s i t y  l e a d  g l a s s  separa ted  by s i x  o i l  r e s e r v o i r s .  A 1-inch 

g l a s s  containment b a r r i e r  on t h e  h o t  s i d e  keeps t h e  window from 

becoming contaminated and main ta ins  containment when t h e  s h i e l d i n g  

window i s  removed f o r  r e p a i r .  Each c e l l  c o n t a i n s  a p a i r  of master- 

s lave-manipulators  t o  o p e r a t e  t h e  process  equipment. Process  and 

s e r v i c e  equipment i s  of a remotely r e p l a c e a b l e  modular type  and 

s e r v i c e  systems can b e  rep laced  wi thout  d i s t u r b i n g  process  

equipment. Equipment and tanks  are  mounted on removable frames 

(Fig.  1 2 ) .  Systems are provided f o r  removing products  and s o l i d  

waste i n  c l e a n  c o n t a i n e r s  without  spreading  contaminat ion.  The 

i n - l i n e  monitor ing system h a s  been descr ibed  previous ly .  

A f lowsheet  i s  g iven  i n  F ig .  13. The feed may come from 

p r i o r  s o l v e n t  e x t r a c t i o n  o r  from d i s s o l u t i o n  of i r r a d i a t e d  t a r g e t s  

and w i l l  probably r e q u i r e  c l a r i f i c a t i o n  and formic a c i d  d e n i t r a -  

t i o n .  The a c t i n i d e s  are s e p a r a t e d  from each o t h e r  and from t h e  

l a n t h a n i d e s  and o t h e r  f i s s i o n  products  by displacement  chroma- 

tography. Transcurium elements ,  i f  p r e s e n t ,  w i l l  b e  s e p a r a t e d  and 

f u r t h e r  p u r i f i e d  by e l u t i o n  chromatography on a s i n g l e  c a t i o n  

exchange column us ing  alphahydroxyisobutyrate  (AHIB) (13). The 
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F I G U R E 1 2 .  MPPF F r a m e  Features 
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I D i s s o l u t i o n  I 
Transp lu ton ium S o l u t i o n  From 

C e n t r i f u g a t i o n  

D e n i t r a t i o n  (Water S t r i p p i n g )  + 
1 

D e n i t r a t i o n  (Formic A c i d )  

Separate A c t i n i d e s  and Lanthan ides  
(D isp lacement  Chromatography) 

Am 

Y I 1 I 1 I P r e c i p i t a t i o n  t o  
O x a l a t e  I 

C a l c i n a t i o n  t o  

Packaging 

t 
Curium P r o d u c t  

Americ ium Produc t  

Conversion t o  N i t r a t e  
( I o n  Exchange) + 

Remove Zn f r o m  D i s -  
p lacement Chroma t o g r a p h  

( C a r r i e r  P r e c i D i  t a t i o n  

Separate C f  f r o m  Es and Fm 
( E l u t i o n  Chromatography) + 

Packaging 

C a l i f o r n i u m  P r o d u c t  

FIGURE13. Schematic Flowsheet for MPPF Processing 

transcurium products after separation are recovered on 25 to 50 mL 

of cation resin in a platinum column; the resin is combusted and 

the product oxides or oxysulfates are produced. 
americium products from displacement chromatography are precipi- 

tated as oxalates and calcined to the oxide. A calorimeter is 

used to measure the 244Cm product. 

The curium and 

Other tanks and equipment are 
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782 BURNEY 

a v a i l a b l e  t o  p r o c e s s  any s o l u t i o n s  t o  b e  r e c y c l e d  f o r  p roduc t  

r ecove ry .  
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