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I 
Sequential anion and cat ion exchange processes have been used 

f o r  t h e  f i na l  pur i f i ca t ion  of 2 4 1 ~ m  recovered during the  reprocessing 

of aged plutonium metal lu rg ica l  scrap.  Plutonium was removed by absorp- 

t ion  on Dowex 1 ,  X-3.5 (30-50' mesh) anion exchange res in  from 6.5-7.5 - M 

HN03 feed solut ion.  Following a water d i l u t i on  t o  0.75-1.0 - M H N O 3 ,  

ameridium was absorbed on Dowex 50W, X-8 (50-100 mesh) cat ion exchange 

res ion.  ' Final pur i f i ca t ion  was accomplished by e lu t ion  of the  absorbed 
2 + band down 3 t o  4 successive beds of the  same r e s in ,  preloaded with Z n  , 

w i t h  an NH40H buffered chela t ing agent.  

. The recovery of mixed 2 4 1 ~ m - 2 4 3 ~ m  from power reactor  reprocessing 

waste has been demonstrated. Solvent ex t rac t ion  was used t o  recover a 

HN03 solut ion of nixed lanthanides and ac t in ides  from waste generated 

by t he  reprocessing of 13.5 tons of Shippingport Power Reactor blanket 

f ue l .  Sequential &t ion  exchange band-displacement processes were 

then used to separate  americium and curium from the  lanthanides and 

then t o  separate  ~ 6 0  g of 2 4 4 ~ m  from 1000 of nixed 2 4 1 ~ m - 2 4 3 ~ m .  



INTRODUCTION 

The americium i so topes  o f  i n t e r e s t  a r e  2 4 1 ~ m  

(tl/2 = 433 years)  and 2 4 3 ~ m  (tlI2 = 7400 yea rs ) .  Americium-241, produced 

accord ing  t o  t h e  r e a c t i o n  

241 
B--;r Am, 239~u(n ,y )  Z4"~u(n ,y )  2 4 1 ~ u  - 14.3 y r s  

i s  recovered d u r i n g  t h e  reprocess ing  o f  o n c e - p u r i f i e d  p lutonium. 

Americium -243 can be ob ta ined i n  a  v a r i e t y  o f  ways. Large amounts 

o f  mixed 2 4 1 ~ m  and 2 4 3 ~ m  a r e  produced i n  nuc lea r  power r e a c t o r s  

and c o u l d  be recovered d u r i n g  f u e l  reprocess ing  (1-3) .  The p r i n c i p a l  

methods used f o r  t h e  recovery  and p u r i f i c a t i o n  o f  americium, bo th  

. aqueous and nonaqueous, a r e  summarized i n  an excel  l e n t  rev iew by Schulz ( 4 ) .  

I n  1965 a  9-column ion-exchange p i l o t  p l a n t  was i n s t a l l e d  i n  a  

heav i l y - sh ie lded  man ipu la to r  c e l l  o f  t h e  325-A High-Level Radiochemical 

F a c i l i t y  a t  DOE'S Hanford P l a n t .  The columns were 270 cn  h i g h  and ranged 

f rom 36 t o  2.5 cm I.D. This, f a c i l i t y  was used p r i m a r i l y  f o r  t h e  p u r i f i c a -  

t i o n  o f  promethium, b u t  was a l s o  used, on a  campaign bas i s ,  . f o r  t h e  

p u r i f i c a t i o n  o f  gram t o  k i l og ram amounts o f  90~r ,  244~n,241~m, and mixed 

. 2 4 1 ~ m - 2 4 3 ~ m .  Ion-exchange f lowsheets  developed f o r  t h e  separate p u r i f i c a -  

t i o n  o f  p lu ton ium and promethium were adapted and combined f o r  t h e  

americium p u r i f i c a t i o n  campaigns and a re  d iscussed i n  t h e  fol1,owing 

sec t i ons  . 



PROCESS DESCRIPTION 

ANION-EXCHANGE SEPARATION FROM PLUTONIU?4 
I 

The n i t r i c  acid.anion-exchange process used f o r  t he  separa t ion  

o f  americium from p lu ton ium has been descr ibed i n  d e t a i l  (5,  6 )  and 

i s  o n l y  o u t l i n e d  here. Th i s  process takes advantage o f  t h e  n e a r - s p e c i f i c  

abso rp t i on  o f  pu4+ f rom 6 t o  8 HN03 by a  se lec ted  'group o f  an ion  

exchange r e s i n s  and t h e  simultaneous nonabsorpt ion o f  most o t h e r  ca t i ons .  

The 4-cyc le  process i s  shown i n  F igu re  1. Americium i s  n o t  absorbed 

by t h e  r e s i n  bed dur ing,  t h e  feed abso rp t i on  cyc le ,  b u t  a  scrub c y c l e  i s  

r e q u i r e d  t o  d i sp lace  a l l  t r aces  o f  t h e  feed s o l u t i o n  and ~ m ~ +  f rom the  

r e s i n  p a r t i c l e s  and f rom the  i n s i d e  sur faces o f  t he  column i f  a  h igh  

decontaminat ion o f  t he  p lu ton ium i s  requ i red .  "P lan t "  s o l u t i o n s  f r e q u e n t l y  

c o n t a i n  s i g n i f i c a n t  amounts o f  f i n e  s o l i d s  which c o l l e c t  i n  t he  f i r s t  

few cn  of r e s i n  and must be washed f ree  o f  americium by the  scrub s o l u t i o n .  

The t h r e e  p r i n c i p a l  ope ra t i ona l  d i f f i c u l t i e s  w i t h  t h e  process are: 

1 .  A t  t imes, s o l i d s  c o l l e c t e d  on t o p  o f  the  r e s i n  bed cause 

"channel i n g "  which decreases t h e  e f f i c i e n c y  o f  t he  th ree  

process i r ~ y  cyc les  . 

2. The separated americium i s  c o l l e c t e d  w i t h  a l l  o the r  i m p u r i t i e s  

i n  a  r a t h e r  l a r g e  volume o f  6.5 t o  7.5 - M HN03. 

3 .  Any p lu ton ium i n  o x i d a t i o n  s t a t e s  o t h e r  than 4 +  i s  n o t  absorbed 

and remains \v4 t h  t he  a m e r i c i u ~ ~ ~ .  





These d i f f i c u l t i e s  can be circumvented and the  process s u c c e s s f u l l y  used. 

Care fu l  f i l t r a t i o n  o f  t h e  feed s o l u t i o n  l a r g e l y  e l im ina tes  the  f i r s t  

proplem. Since the  second phase of americium p u r i f i c a t i o n  i nvo l ves  

abso rp t i on  by c a t i o n  exchange r e s i n ,  a 7 - t o . 8 - f o l d  d i l u t i o n  w i t h  water 

abrogates the  second d i f f i c u l t y .  The f i n a l  problem can be minimized by 

a c a r e f u l  ana lys i s  and val'ence adjust inent o f  t h e  feed s o l u t i o n ,  i f  

necessary. 

CATION-EXCHAijGE PURIFICATION OF Af4ERICIUM 

A "band-displacement" chromatographic process was developed and 

used f o r  l a rge -sca le  p u ' r i f i c a t i o n  o f  promethium (7, 8) us ing  t h e  f a c i l i t y  

p r e v i o u s l y  described. Th i s -p rocess  employs t h r e e  sequent ia l  steps: 

1. Absorpt ion o f  t he  ions  t o  be separated  fro^ a d i l u t e  n i t r i c  

a c i d  feed s o l u t i o n  onto a bed o f  cation-exchange r e s i n .  

2. 'Removal o f  unabsorbed m a t e r i a l  f rom the  feed-absorpt ion bed 

w i t h  a scrub s o l u t i o n .  

3. Displacement o f  t h e  absorbed "band" o f  i ons  down successive 

r e s i n  beds, p r e l  oaded w i t h  zn2+, by an ammoni urn hydroxide 

b u f f e r e d  s o l u t i o n  o f  a c h e l a t i n g  agent. 

' The c h e l a t i n g  agents diethylenetriarninepentaacetic a c i d  (DTPA) and 

n i t r i l o t r i a c e t i c  a c i d  (NTA) were used. F igure  2 shows the  !4TA f lowsheet  

as a p p l i e d  t o  t h e  p u r i f i c a t i o n  o f  americium. Table 1 g ives  the  f lowsheet  

changes when DTPA i s  s u b s t i t u t e d  f o r  NTA i n  t h i s  f lowsheet .  





TASLE'1: Flowsheet Changes' k'hen DTPA 

I S  S u b s t i t u t e d  For NTA 

E l u t i n g  S o l u t i o n  

Concent ra t ion  ------ 0.05 M DTPA - 

pH ------ Bu f fe red  t o  6.5 w i t h  ?lH40H 

vd l  ume ------ 2000 L 

Flow Rate ------ 3.8 n l / n i n - c n  
2  

Scrub Cycles 2  and 3 can be e l im ina ted .  

. . Rate of  Band Advance ---- 19 f 3 cm/hr. 

I n  t h e  NTA f lowsheet ,  0.5 - M NH4H03 i s  used t o  remove H+ f rom the  

.... feed abso rp t i on  column p r i o r  t o  e l u t i o n .  I f  t h i s  i s  n o t  done, t he  i n s o l u -  

b l e  f r e e - a c i d  form o f  t he  c h e l a t i n g  agent w i l l  form w i t h i n  the  r e s i n  bed 
. . 

and complete ly  b lock  s o l u t i o n  f low 'through t h e  column. The f ree-ac id  

. fo rm o f  DTPA i s  s u f f i c i e n t l y  s o l u b l e  t h a t  t h e  0.5 M NH4N03 wash i s  n o t  

requ i red .  . . 



Under t h e  c o n d i t i o n s  s p e c i f i e d  i n  F igu re  2 and Table 1, t h e  e l u t i o n  

sequences of americium and curium, compared w i t h  t h e  lanthanides,  are: 

Gll'th DTPA, 

zn2+, ( D ~ ~ + - H O ~ + - E ~ ~ + - T ~ ~ + ) ,  fid3+, Eu3+, *m3+, y3+, pm3+, Nd3+, pr3+, Ce3+, La3+ 

f f 

cm3+ Am3+ 

w i t h  NTA, 

zn2+.; ( H O ~ + - D ~ ~ + - T ~ ~ + ) ,  y3+, cm3+, ~ d ~ + ,  ( E U ~ + - A ~ ~ + ) ,  sm3+, pm3+, lid3+, 

pr3+, ,ce3', ~ a ~ + .  

I n  these measurements (1 )  t h e  heavy lan than ides  a re  used ma in l y  t o  p rov ide  

a  reference.  Lanthanides heav ier  than te rb ium a r e  present  i n  t h e  f i s s i o n  

product  mix f rom power r e a c t o r s  i n  o n l y  t r a c e  q u a n t i t i e s .  Lanthanides 

a re  n o t  no rma l l y  i n  t h e  recovery o f  2 4 1 ~ m  from aged, once processed 

p lutonium. W i t h  bo th  c h e l a t i n g  agents, pu4+, ~ e ~ + ,  and ~ h ~ + ,  i f  present  

i n  t he  feed. s o l u t i o n ,  form s t ronger  complexes than zn2+ and thus pass 

through the  zn2+ r e s t r a i n i n g  bed once e l u t i o n  i s  i n i t i a t e d .  The a1 ka l  i 

and a l k a l i n e  e a r t h  i ons  form much weaker complexes and e l u t e  a f t e r  t he  1 , 
I 

l an than ides .  I n  bo th  sequences, t h e  i ons  enclosed i n  parenthes is  e l u t e  
- .  

i n  t h e  sequence shown, b u t  do n o t  p r o p e r l y  separate f rom each o t h e r  i n  

t he  band displacement d is tances  used. G l i  t h  NTA, americium separates 

e a s i l y  f rom cur ium b u t  does n o t  separate f rom europium. Nhen DTPA 

i s  used, americium i s  e a s i l y  separated f rom europium, b u t  t h e  separa t ion  

f rom cur ium i s  n o t  as e f f i c i e n t .  Choice between the  two f lowsheets 



f o r  americium p u r i f i c a t i o n  depends upon t h e  presence o r  absence o f  cur ium 

and/or europium. Since t h e  r a t e  of band advance i s  approximate ly  a 

f a c t o r  o f  two f a s t e r  w i t h  NTA, NTA i s  used when europium i s  absent from 

t h e  feed s o l u t i o n .  

PRODUCTION-SCALE DEMONSTRATIONS 

RECOVERY OF 2 4 1 ~ m  FROM ONCE-PURIFIED PLUTONIUM -- 

Dur ing  the  p e r i o d  1973 through 1976, f o u r  campaigns were conducted 

t o  p u r i f y  2 4 1 ~ m  recovered a t  t h e   anf ford P l  u t o n i  um Recl amation Faci  1 i t y  

(PRF) f rom a wide v a r i e t y  ' o f  m e t a l l u r g i c a l  scrap us ing  a coun te rcu r ren t  

s o l v e n t  e x t r a c t i o n  process. The product  f rom the  so l  vent  e x t r a c t i o n  

process was concentrated a t  t he  PRF by abso rp t i on  from d i l u t e  HN03 

on to  a bed o f  Dowex -50Y c a t i o n  exchange r e s i n  fo l l owed  by e l u t i o n  f rom 

t h e  r e s i n  w i t h  7-9 - M HNOr The concent ra te  was then t r a n s f e r r e d  t o  the  

ion-exchange p i l o t - p l a n t  f a c i l i t y  descr ibed i n  t h e  i n t r o d u c t i o n .  The 

Pu/Am r a t i o . i n  t h e  concent ra te  v a r i e d  0ve.r a range o f  0.01 t o  2 .  Other 

. .  i m p u r i t i e s  i nc luded  Fe, C r ,  N i ,  A l ,  S i ,  Ca, Mg, and Na i n  a wide range 

o f  concent ra t ions .  Some batches conta ined a s i g n i f i c a n t  amount o f  s o l i d s .  

A f t e r  t r a n s f e r ,  t h e  s o l u t i o n  was f i l t e r e d , .  analyzed, and when 
I 

necessary the  p lu ton ium o x i d a t i o n  s,tate was ad jus ted  t o  4+ and the  n i t r i c  ' 

a c i d  concen t ra t i on  was ad jus ted  t o - 7  molar.  The p lu ton ium was then ' 

' 

rernoved us ing  t h e  f lowsheet  shown i n  F igure  1. Several anion-exchange 

runs  were made d u r i n g  each campaign because nongeomet r ica l l y  safe 

equipment l i m i t e d  t h e  amount o f  p lu ton ium which cou ld  be i n  t h e  c e l l  a t  

one t ime.  Fo l l ow ing  removal o f  t h e  plutonium, t h e  americium product  

s o l u t i o n  f rom the  anion exchange runs was d i l u t e d  t o  0.75 t o  1.0 - r.1 HN03 



w i t h  water  and processed by t h e  c a t i o n  exchange f lowsheet  i n  ~ i g u r e  2. 

A t y p i c a l  americium e l u t i o n  c.urve i s  shown i n  F igure  3. Americium from 

t h e  h e a r t  o f  t h e  e l u t i o n  band was p r e c i p i t a t e d  w i t h  o x a l i c  ac id ,  f i l t e r e d ,  

and ca l c ined  t o  ox ide.  The americium i n  the  b i n a r y  mix tures  a t  each 

end o f  t h e  e l u t i o n  band was recyc led  t o  t h e  succeeding campaign. A 

m a t e r i a l  a c c o u n t a b i l i t y  f o r  t h e  f o u r  campaigns i s  g iven i n  Table 2. 

I n  campaigns 3 and 4, t he  americium became contaminated w i t h  1 5 4 ~ u ,  

res idua1 , f rom promethium separat ions conducted between the  americium 

campaigns, and t h e  DTPA f lowsheet  was used f o r  f i n a l  p u r i f i c a t i o n .  

A summary of t h e  chemical and rad iochen ica l  analyses o f  t h e  product  ox ide  

batches i s  shown i n  Table 3. I n  t h e  l a s t  t h r e e  campaigns t h e  product  

c o l l e c t i o n  was d e l i b e r a t e l y  expanded t o  i n c l u d e  some o f  t h e  i m p u r i t i e s  

a t  each end o f  t h e  e l u t i o n  band, thus maximizing t h e  amount o f  product  

t h a t  would meet t h e  u s e r ' s  s p e c i f i c a t i o n .  

RECOVERY OF MIXED 2 4 1 ~ m - 2 4 3 ~ m  FROM POWER REACTOR FUEL REPROCESSING 
WASTE 

I n  1967, 13.5 tons o f  Sh ipp ingpor t  Power Reactor b lanke t  elements 

were processed a t  t h e  Hanford Redox P.lant f o r  t h e  recovery o f  uranium, 

plutonium, and neptunium. A ba tch  e x t r a c t i o n  process employing 50 vo l  % 
li 

t r i - n - b u t y l  phosphate i n  an n - p a r a f f i n  hydrocarbon d i  1  uji'nt was 'used t o  

recover  t h e  l a n t h a n i d e - a c t i n i d e  elements f rom t h e  normal ly  d ischarged 

waste. Fo l l ow ing  cask t r a n s f e r  t o  thelSemiworks" f a c i l i t y ,  a  countercur ren t  . 

s o l  vent  e x t r a c t i o n  process employing 0.4 b i s ( 2 - e t h y l  hexyl  )phosphoric 

ac id ,  and0.3 - Mt r i -n -bu ty lphospha te  i n  n - p a r a f f i n  hydrocarbon was used 

t o  f u r t h e r  decontaminate the  l an than ide -ac t i n ide  mix f rom A l ,  Fe, U,, Pu, 





Anion Exchanae 

TABLE 2: Materi a1 Accountabi 1 i t y  f o r  Production Runs 

Canpaign 1 Campaign 2 ' Campaign 3 Campaign 4 
An Pu Am Pu Am P u An P u 

~ e e d " )  ( g )  502 207 47 1 308 630 141 ' 1189 460 

Pu Product ( g )  < l  194 0.8 303 0.1 141.  6 425 

A m .  Product ( g )  493 < l  455 0.3 630 0.1 1187 2.2 
. . 

Recovery (%)  93 94 97 9 8 100 100 100 93 

cat ion Exchange 

Feed: Anion Exchange 
Product ( g )  49.3.. 455 688") 1 338(3) 

Recycle ( g )  . 3 9 6 2 8 63(4) 

Total.  ( g )  493 551 . ' . 71 6 1401 

1297 Product ( g )  391 51 6 607 

Recycle ( g )  . 9 6 

Recovery (%)  99 

Oxide Preparation 

Feed Ig) 394 51 6 607 1297 
Recovered as  
Oxide ( g )  366 489 ' 

Recovery (%) 93 95 95 98 

Notes: (1)  Most of the  feed solut ions  contained so l i d s ,  not a l l  of which was removed by 
f i l t r a t i o n .  The presence of the  so l i d s  created larger-than-normal e r r o r  
l i m i t s  i n  the  feed analyses.  

(2)  Includes 58 g of Am from ORPIL. 
(3) Includes 90 g o f  Am from SRL and 61 g o f  Am from O R N L .  
(4)  Par t  of the  rework from Run 3 wss discarded during a major c e l l  renovation 

between Runs  3 and 4 .  



TABLE 3: Americium Oxide Product P u r i t y  

, . Campaign 1 Campaign 2 Campaign 3 Campaign 4 . 

Batch Number 1 2 3 4 5 6 7 8 9 

Amount o f  Oxide ( g )  200 213 483 7 3 368 283 449 810 162 

Chemical P u r i t y  (w t  %)  99.9 99.9 99.6 95 99.5 99.7 99.9 99.8 98.9 

Radiochemi a 
Impur i  ti es C l  i 

5 4 ~ u (  10-6 C i /g  
ox ide )  

' O s r ( i ~ - 6  c i / g  
ox ide )  

2 3 9 ~ ~  ( I o - ~  g/ 
g ox ide)  

Notes : ( 1  ) No o t h e r  radiochemical  i m p u r i t i e s  were detected.  

( 2 )  ND -- n o t  detected.  



Na, and othe'r f i s s i o n  products ( 9 ) .  The solut ion was then cask t rans-  

fe r red  t o  the  ion-exchange pilot-pl 'ant  f a c i  1  i t y  f o r  f i na l  pur i f i ca t ion .  

A DTPA flowsheet s imi la r  t o  t h a t  shown i n  Figure 2,  b u t  using 36 

and 27 cm I.D. columns i n  addi t ion t o  those shown in Figure 2,  was used 

t o  separate  americium and,curium from the  lanthanide f i s s i on  products. 

In s p i t e  of the  use of a  240-L r e s in  bed f o r  feed absorption,  two 

iden t ica l  DTPA runs were required f o r  the  processing because of the  

very l a rge  quant i ty  of lanthanide f i s s i on  products present in the  feed 

so lu t ion .  One NTA r u n  was used t o  separate  the  americium from the  curium. 

Product e lu t ion  curves . fo r  one of the DTPA runs and f o r  the  NTA f i na l  

pur i f i ca t ion  a r e  given i n  F.igures 4 and 5. Results f o r  the  three  ion- 

exchange runs a r e  summarized i n  Table 4. 

. . 
C ~ N C L U ~ I ~ N ~  

In t he  americium separation campaigns described,  a  very h i g h  

pur i ty  product was not required.  Americium of 4 t o  5 9 ' s  pur i ty  

can be prepared by l imi t ing  the  product co l lec t ion  t o  the  center  

sect ion of the  e lu t ion  band and recycling a  l a rge r  f rac t ion  of 

. material from each end of the  band. Periodic replacement of the  

exchange res in  i s  required because of radia t ion damage, b u t  t h i s  

i s  not a  ser ious  detriment t o  the  usefulness of the  process. 



. . 

TABLE 4: Summation of Two-Cycle Pilot Plant Test 

Americium Curium 

Feed Solution . 1080 g 60.5 g 
Recycle Solution 218 g 14.2 g 

Product Solution 760 g 23.2 g 
99.7% pure {.97.8% pure 

15.3 3 
'86% pure 

Material Balance , 91 % 97% 
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FIGURE.5: P R O D U C T  E L U T I O N  C U R V E  
-NTA CYCLE  
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