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ABSTRACT 

EVALUATION OF A N I O N  EXCHANGE R E S I N S  

.FOR PROCESSING PLUTONIUM-NEPTU'NIUM RESIDUES 

James D. Navra t i l  and Robert G. Leebl 

An anion exchange process was developed 
t o  process miscellaneous residues o f  
plutonium plus 0.5 weight percent 
neptunium t o  a l low prompt r e tu rn  of the 
plutonium t o  a plutonium recovery 
process. Several macroret icular  anion 
exchange res ins  were compared t o  Dowex 8 
1-X4 f o r  the process. Uowex 1-X4 shuwrd 
the best performance f o r  the plutonium 
( I 1  I)-neptunium(1V) separation. 

INTRODUCTION 

A process was needed t o  recover.plutonium 
from miscellaneous p l  utonium-neptunium 
(Pu-Np) residues a t  Rocky F la ts .  The 
plutonium-neptunium residues contained 
0.5 weight percent (wt  %) neptunium. The 
residues were generated from Lawrence 
Livermore Laboratory-Nevada Test S i t e  
events, where the neptunium was used as 
a radiochemical d iagnost ic t racer .  

An i on  exchange process was evaluated t o  
process the residues. Macroret icular  
strong-base and weak-base anion exchange 
res ins  were compared t o  gel-type Dowex 
1-X4 r e s i n  f o r  the separation process. 
This comparison was made because of 
reported advantages o f  the weak-base 
macroret i  cu la r  res ins  over gel  -type 
(m ic ro re t i cu la r )  res ins  f o r  neptunium 
pu r i f i ca t i on .  These advantages include 
improved thorium decontamination, sharper 
neptunium e l u t i o n  band, and f i v e f o l d  
lower r es i n  cost.' Higher ac t in ide  load- 
i ng  and f as te r  .e lu t ion  were reported f o r  
strong-base macroret i  cu la r  resins.  

EXPERIMENTAL P R O C E D U R E  

Mater ia ls 

Ferrous sulfamate [Fe(SO,NH,),] was 
suppl ied as a 3~ so lu t i on  from the 
Shepherd chemical Company.* . A1 1 other 
chemicals were reagent grade and were 
used wi thout  f u r t he r  p u r i f i c a t i o n .  

The mixed ac t i n i de  so lu t ions were pre- 
pared by d isso lv ing  mixed oxides i n  12.5M 
HNO, ( n i t r i c  ac id) -0 .11 HF (hydro f luo r i  c 
ac id) .  A f t e r  d isso lu t ion,  the so lu t ions 
were f i l t e r e d ,  and a s to ich iometr ic  
amount o f  aluminum n i t r a t e  [A1 (NO,),,] was 
added t o  complex the f l u o r i d e  ion.  
D i l u t i o n  o f  the stock mixed-acti  nide 
so lu t ions was usua l l y  made w i t h  0.35bJ 
HN0 , . 
Weak-base A m b e r l i t e B  IRA-93 and strong- 
base Amber1 i t e  IRA-900 macroret i  cul  a r  
ion-exchange esins were obtained f r om,  -r d Haas i n  the ch lo r ide  form. 
RQhm 8) Dowex MSA-1, a strong-base macro- 
r e t i c u l a r  r e s i n  manufactured by Dow 
Chemical, U.S.A., a lso was suppl ied i n  
the ch lo r ide  form. A l l  macroret icular  . 

res ins  were 20-50 mesh beads. 

P r i o r  t o  use, a l l  res ins  except Dowex 
1-X4 were re-screened and converted from 

*Shepherd Chemical Company, 4900 Beech 
Street ,  Cincinnat i ,  Ohio. 

t Rohm and Haas Company, Independence 
Ma1 1 West, Phi lade1 phia, Pennsylvania. 



the ch lo r i de  t o  the n i t r a t e  form w i t h  
7M HNO,. Dowex 1-X4 gel r e s i n  (macro- 
r e t i c u l a r ,  50-80 mesh beads) was 
suppl ied i n  the n i t r a t e  form. The res ins  
were checked by microscope f o r  broken o r  
cracked beads p r i o r  t o  use. 

Wash so lu t ions  . fo r  the i o n  exchange 
experiments consisted o f  7M HN0,-0.2M 
Fe(SO,NH,), o r .  5fi HNO,-0.6& A1 (NO,),- 
0.2B Fe(S03NH2),. 

Cqui pment arid Pr~ucedure 

Several i o n  exchange. res ins  were compared 
f o r  a c t i n i d e  separations on laboratory-  
sca le  columns. The r e s i n  bed dimensions 
were 1.7-cm diameter, .20-cm leng th  f o r  
Runs B t o  E and 1.0-cm diameter, 15-cm 
1eng th . f o r  Runs A and F. The feed being 
inves t iga ted  was loaded simul taneously 
onto a column of each o f  the  f o u r  
d i f f e r e n t  condi t ioned res ins  a t  a f low 
r a t e  o f  approximately 2 m l  - m i  n'l ~ c m - ~ .  
A f te r .  load ing , the resins '  were washed 
w i t h  wash so lu t i on  and then e lu ted  w i t h  
0.35M HNO,. Samples o f  the e f f l u e n t ,  
wash: and e lua te  streams were taken 
p e r i o d i c a l l y  and analyzed. 

The large-scale anion exchange scheme 
invo lved load ing neptunium(1V) from a 
plutonium-neptunium feed so lu t i on  onto 
a 15-cm diameter by 76-cm-high column o f  
Dowex 1-X4 from a 5B HNOa-0.66M A1 (Nn,) ,- 
0.2M Fe(SO,NH,), feed. The plutonium 
t h a t  sorbed on the i o n  exchange r e s i n  was 
removed from the r e s i n  by extended wash- 
i n g  w i t h  a 5M HN0,-0.66M - Al(NO,),-0.2M 
Fe(SO,NH,), G l u t i o n .  I he neptunium was 
e lu ted  w i t h  0.35M - HNO,. 

Analysis 

P l  u t on i  um concentrat ion was determined 
rad iome t r i ca l l y  except f o r  > I0  grams per 
1 i t r e  o f  plutonium solut ions,  which were 
analyzed by X-ray fluorescence. The 
neptunium concentrat ion was determined 
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by , rad iometr ic  pulse-height analysis.  
This determination f o l  lowed separation 
o f  the plutonium by an i o n  exchange o r  
solvent  ex t rac t ion  procedure. 

The i r o n ( I 1 )  normal i ty  i n  fer rous 
sulfamate was determined by a volumetric 
ce r i c  su l f a te  ti t r a t i o n .  N i t r i c  acid 
concentrat ions were determined by acid- 
base ti t r a t i o n s  . 

R E S U L T S  AND D I S C U S S I O N  

Evaluation o f  Anion Exchange Resins 

Macroret i  cu la r  strong-base (Dowex MSA-1 
and Amberl i t e  IRA-900) and weak-base 
(Amberl i t e  IRA-93) anion exchange resins 
were compared t o  a gel- type r e s i n  (Dowex 
1 -X4) f o r  plutonium-neptunium separations. 
Laboratory-scale runs involved the load- 
i ng  o f  neptunium from a plutonium(I I1)-  
neptunium(1V) feed so lu t i on  onto fou r  
res ins  simultaneously from e i t h e r  7M 
HN03 o r  5M HN0,-0.66M A1 (NO,), feed- 
so lu t i ons~con ta i n i ng  0.2M - [Fe(SO,NH,),]. 

Ferrous sulfamate was uscd by i t s e l f  as 
the reducinq agent; i t  reduces Pu(VT ) 
and Pu(1V) t o  P u ( I I I ) ,  and i t  reduces 
Np(V1) and Np(V) t o  Np(1V). The use of 
hydrazine t o  help s t a b i l i z e  the reducing 
condi t ions are not  permit ted i n  the 
process because o f  hydrazi ne ' s rvdc l;i v- 
i t y .  LISP nf 5M HNO,-0.66M A1 (NO,),-0.2M - 
Fe(SO,NH,), instead o f  ~MHNO,-0.  2~ 
Fe(SO,NH,), feed media provided the most 
s tab le  separation candi t i ons .  Thc lnwcr 
a c i d i t y  prevented s i g n i f i c a n t  ox idat ion 
[<I% Pu(IV)] o f  plutonium w i t h i n  one 
day, and the increased n i t r a t e  concen- 
t r a t i o n  from A1 (NO,), maintained maximum 
sorpt ion o f  neptunium(1V). Each o f  the 
lab-scale experiments was completed 
w i t h i n  several hours. 



The res ins  were compared f o r  neptunium 
breakthrough, e lu t ion,  and p l  utonium(I11) 
washing behavior. Table 1 shows the. 
r e l a t i v e  r e s i n  order o f  increasing 
neptunium concentrat ion i n  the i o n  column 
e f f l u e n t  (ICE) f o r  the res ins  tested. 
When high plutonium concentrations were 
present i n  the feed .(Run A), the 
neptunium concentrat ion was less  i n  the 
ICE f o r  the macroret icular  resins;  
however, f o r  1 ower plutonium 'feed 
concentrati'ons, the neptunium l eve l s  were 
lowest f o r  the gel r e s i n  (Dowex 1-X4). 
Apparently t h i s  i s  due somewhat t o  the 
loading o f  plutonium(1V) , present i n  
equ i l i b r ium w i t h  P u ( I I I ) ,  i n  add i t i on  t o  
neptunium(1V) , 1ncreas.i ng, plutonium 
breakthrough capac i t ies  f o r  macroreticu- 
l a r  res ins  was observed w i th  an increase 
i n  p l  u ton i  um feed concentrations. 
Neptunium breakthrough was <lo% (i.e., 
neptunium concentrat ion i n  the I C E  
d iv ided by ne'ptuni um concentrat ion i n  
feed = 0.1) f o r  a l l  experiments except 
Run A (see Appendix I ) .  

i 

For the  res ins  tested, Table 2 shows the 
re1 a t i  ve r e s i n  order o f  i ncreasi ng 
neptunium concentrat ion i n  the wash 
so lu t ions.  (Appendix I shows the actual  
concentrations. ) Since the removal of 
p l  u ton i  um( I I I ) requi  res  1 arge volumes o f  
wash solut i .on, the concentrat ion of 
neptunium i n  the wash. e f f l uen t  i s  an 
important f a c t o r  i n  se lec t ion o f  a res in .  
Results show t h a t  the l eve l  o f  neptunium 
i n  the wash e f f l u e n t  was lowest f o r  Dowex 
1-X4 and very high f o r  the weak-base 
macroret icular  r e s i n  (Amberl i t e  IRA-93). 

Figure 1 shows the washing p r o f i l e  f o r  
p l  utonium(1 I I ) on the .anion exchange 
resins.  The d i f fe rence  between the two 
runs ( A  and F) can be a t t r i b u t e d  t o  the 
d i f f e r e n t  s i ze  columns (bulk column 
vo l  ume o f  1 1 .8 versus 45.4 m l  ) , and the 
d i f f e r e n t  wash 'solut ions. Amberl i t e  

IRA-93 gave super ior  performance over 
the o ther  res ins  i n  r e l a t i o n  t o  
p l  utonium('II1) removal by washing. 
Dowex MSA-1 gave the poorest washing 
behavior, but  i t  was no t  much worse than 
Dowex 1 -X4. The resu l  ts .  o f  three other 
runs (B-D) gave the same washing order 
as shown i n  Figure 1. 

The neptunium e l u t i o n  data on the res ins  
are shown i n  Table 3. Complete e l u t i o n  
data were obtained on on ly  fou r  of the 
experiments. The ma jo r i t y  o f  the r e s u l t s  
shows t h a t  the neptunium e l u t i o n  order 
on the res ins  was Amberli t e  IRA-900 > 
Amberlite IRA-93 > Dowex MSA-1 > Dowex 
1-X4 (slowest).  As w i t h  the plutonium 
(111) washing resu l t s ,  there are no g rea t  
d i f ferences between the e l u t i o n  behavior 
o f  the resins.  

I n  summary, based on the lowest 
neptunium concentrat ion observed i n  the 
I C E  and wash, Dowex 1-X4 was super ior  t o  
the macroret icular  resins.  This 
advantage o f  the gel r e s i n  outweighed 
the be t t e r  washing and e l u t i o n  character- 
i s t i c s  o f  the macroret icular  resins, 
espec ia l ly  since washing and e l u t i o n  
di f ferences were not  large.  Other 
batches o f  some o f  the res ins  could g ive 
va r ia t ions  i n  performance. This has been. 
observed by o ther  invest igators .  The 
p o s s i b i l i t y  o f  t h i s  v a r i a t i o n  and i t s  
e f f e c t  should be evaluated p r i o r  t o  large- 
scale appl i ca ti on o f  any separation 
process. 

Demonstration o f  the Recovery Process 

Three successful demonstrati on runs o f  
the i o n  exchange process were made on 
large-scale equipment. The neptunium(1V) 
was loaded onto a 15-cm-diameter by 
76-cm-h,i gh column o f  Dowex 1 -X4 (50-80 
mesh) from a 5M HN0,-0.66MA1(N03),- 
0.2g F~(so,NH,~, feed. Most o f  the non- 



sorbabl e p l  u ton i  um(1 I I )  was a1 1 owed t o  
pass through the column i n  the I C E .  The 
remainder o f  the plutonium was removed 
from the r e s i n  by extended washing w i t h  
a 5 1  HN0,-0.66M A1 (NO3),-0.2M Fe(SO,NH,), 
so lu t ion.  

Plutonium i n  the r e s u l t a n t  I C E  and wash 
stream was adjusted t o  the t e t r ava len t  
species w i t h  sodium n i t r a t e ,  and the 
r e s u l t i n g  so lu t i on  was returned t o  the 
waste stream f o r  p u r i f i c a t i 0 n . b ~  a 
second i o n  exchange process. Addi t iona l  
neptuni urn dccantaiiri rid 1 iur~ uf the 
plutonium was a lso achieved dur ing the 
second i o n  exchange step. The neptunium 
loaded on the column dur ing the f i r s t  
i o n  exchange step was e lu ted  w i t h  0.35M 
HNO, and was e i t h e r  recycled o r  p rec ip i -  
t a t ed  w i t h  7M potassium hydroxide (KOH), 
calcined, an7 stored. 

Results o f  the demonstration runs are 
shown i n  Table 4. A l a rge  amount o f  
p lu ton ium(I I1)  was removed i n  the I C E  o f  
the f i r s t  run compared t o  the second run 
(53 versus 8 percent).  A lower concen- 
t r a t i o n  o f  plutonium i n  the feed i n  the 
f i r s t  run apparently was responsible f o r  
t h i s  l a r g e r  amount. Because o f  equip- 
ment problems, both runs -had t o  be 
terminated before complete p l  u ton i  um 
removal could be achieved by washing. 
Complete washing was accomplished i n  the 
t h i r d  run, and h a l f  the plutonium 
fol lowed the ICE - apparently because o f  
the' 1 arger vol  ume o f  feed processed. 

The la rge  vo lu~ i~e  o f  fced (7  column 
volumes) processed i n  the t h i r d  run 
apparently caused the increase i n  
neptunium concentrat ion i n  the ICE and 
wash. The average neptunium concentra- 

' t i o n  i n  the combined washes and I C E  f o r  
the o ther  two runs was approximately 
0.3 m i l l i g ram per l i t r e .  This was 
acceptable for  r e tu rn  t o  the waste stream 

: v i a  plutonium p u r i f i c a t i o n  by anion 

exchange techno1 ogy . During the three 
runs, 63, 75, and 98 percent o f  the 
plutonium i n  the residues was separated 
and returned t o  the waste stream. 
Neptunium losses t o  the plutonium were 
no t  c r i t i c a l  since the ob jec t i ve  was 
prompt. recovery of the p l  u ton i  um. 
Neptunium and plutonium remaining on the 
column's were e lu ted w i t h  0.35M HNO, and 
w i l l  be reprocessed i n  subsequent runs 
on a rou t ine  basis. 

C O N C L U S I O N S  

Several macroret icular  anion exchange 
res ins  were compared t o  Dowex 1 -X4 (micro- 
r e t i c u l a r  r es i n )  fo r  processing m i  scel- 
laneous residues o f  p l  u ton i  urn and 0.5 
w t  % neptunium. Based on the lowest 
neptunium concentrations observed i n  the 
e f f l uen ts ,  Dowex 1-X4 was super ior  t o  
the macroret icular  resins.  This advan- 
tage of the m ic ro re t i cu l  a r  r es i n  out- 
weighed the be t t e r  washing and e l u t i o n  
charac te r i s t i cs  o f  the macroret icular  
resins, espec ia l ly  since washing and 
e l u t i o n  d i f ferences were small . 
Three successful demonstration runs o f  
the i o n  exchange process were made on 
large scale equipment. The developed 
process e f f e c t i v e l y  separated p l  u ton i  um 
(111) and neptunium(1V) from the mixed 
ac t i n i de  residues, which a1 lowed prompt 
r e tu rn  of the plutonium t o  a plutonium 
recovery process. 

REFERENCES 

. ca t ion  o f  .Amber- 1. W. W .  Schulz. App l i  
- - ~  

l i t e  XE-270 Resin t o  P u r i f i c a t i o n  o f  
Neptunium. ARH-SA-149. At1 a n t i c  
R i  ch f i  e l  d Hanford Company, R i  ch l  and, 
Washington. May 1973. 

2. G. H. Thompson and G. A. Burney. 
Processing o f  238Pu and 237Np w i t h  



Macroporous Anion Exchange Resin. 4. G .  H. Thompson. Rockwell I n t e r -  
DP-1333. E. I; du Pbnt de Nemcrurs nat iona l ,  Rocky F l a t s  Plant. 
& Company, Savannah River' ~l ant; November.. 1976. P r i va te  communication. 
Aiken, South Carol ina. November 1973. 

3. J. D. Navra t i l .  Rockwell I n t e r -  
nat iona l ,  Rocky. F l a t s  Plant .  January 
1976. Unpubl i shed resu l  t s  . 

. .. 

TABLES 

TABLE 1 .  R e l a t i v e  R e s i n  O r d e r  o f  ~ n c r e a s i ' n ~  
Neptun' ium Concent r 'a t ' i 'on  i n  t h e  I o n '  

. . ;Col'umn.~E.f,.f]uent . . ( I C E )  

Feed 

Pu NP R e l a t i v e  R e s i n  O r d e r  
Run kLLu ( g / l )  . . f o r .  Np i n  I C E  

'~,e:e.d medi,a was 5~ H N Q , - O . ~ ~ M  A ~ ( N O , ) ~ - O . L ~ J  
Fe.(S03NH2)2 e x c e p t  f o r  R u n s  B and  0, w h i c h  :were  
7M - HN0,-O.2M - Fe(SO,NH,), f e e d  m e d i a .  



. . 

TABLE 2 .  R e l a t i v e  R e s i n  O r d e r  o f  I n c r e a s i n g  
Nep tun ium C o n c e n t r a t i o n  i n  Wash 
S o l u t i o n s  

Wash a 
Run S o l u t i o n  

A ' I 1  
B I 
C I I 
D I 
E . I 1  
F I I 

Re1 a t i  ve  Res4 n  Order .  
f o r  Np . i n  t h e  Wash 

1-X4 < 1  <  900 < 93 
1 - X 4 . e  900 <  1  < 93. 
1-X4 < 900 1 93 
1 -X4  <  1  - 900 <  93 
1-X4 < 93 
1-X4 < 900 <  1  < 93 

a. Wash s o l u t i o n s :  

I - 71 HN03 + 0.2M Fe(S03NH2)2 ,  

TABLE 3 .  Nep tun ium E l u t i o n  o f  t h e  :Res ins  

Column Volumes o f  0.351 HNO, R e q u i r e d  
To  E l u t e  30% o f  t h e  Wcptuniunl  

Dowex Amber1 i t e  Dowex Amber1 i t e  
D e s c r i p , t i o n  1  -X4 ---.- -. .-- -- MSA-1 -- I.RA-9.3 - 

A - E l  u a t e  7 5 6 5 

D - E l  u a t e  7 4 6 5 

6 E-El  u a t e  - - 5 



,:. 

.. .. T.ABLE 4.. R e s u l t s - . o f  P rocess  D e m o n s t r a t i o n  Runs 

C u m u l a t i v e  

, .. . Co l  umna P l  u tonbum Nep tun ium 
Vo l  umes CIC,. ( m g l l )  

. . 

ICE' (Run 1 )  2.2 0.53" 0.. 28 
. . Wash . . ' 4 . 1  0 .59  0.48 

. .. 6'"4 . . , 0 .63 0.15 

 ICE^ ( ~ " n . 2 ) .  
Wash 

ICE= (Run 3 )  

. . 

a .  Column vo lume = 13.9  l i t r e s ;  f l o w  r a t e  = 1 0  l i t r e s  
p e r  h o u r .  

b. C / C  = c o n c e n t r a t i o n  o f  p l u t o n i u m  i n  i o n  col.'umn 
e f f y u e n t  (ICE.) o r  wash s t r e a m s  d i v i d e d .  by p l u t o n i u m  
c o n c e n t r a t i o n  i n  f e e d .  

c .  I C E  u s i n g  f e e d  c n n t a i n i n g  2 .35  grams p e r  l i t r e  o f  
p l u t o n i u m  and 33.9 m i l l i g r a m s  p e r  l i t r e  o f  n e p t u n i u m .  

d. ICE u s i n g  f e e d  c o n t a i n i n g  7 .25 grams p'er l i t r e  o f  
p l u t o n i u m  and 61.9 m i l l i g r a m s  p e r  l i t r e  o f  nep tun ium.  

e. ICE u s i n g  f e e d  c o n t a i n i n g  6.94 grams p e r  l i t r e  o f  
p l u t o n i u m  and 34.6 m i l l i g r a m s  p e r  l i t r e  o f  nep tun ium.  
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FIGURE 1. ~ l u t o n i u m ( I I I )  Washing Profile on Several Resins 

WASH SOLUTION (column volumes) 



APPENDIX I. 

Nep tun ium C o n c e n t r a t i o n  and  ~ e ~ t u n i u m - t o - ~ l c t o n i u m  R a t i o s  

i n  I o n  Column E f f l u e n t .  and Wash 

~ m b e r l  i t e  Amber1 i t e  
Fed t o  Columns Dowex 1 -X4 I RA-900 Dowex MSA-1 I RA-93 

Descri p- 
t i o n  

A- 1C.E 
A-ICE 
'A- I CE 
A-WASH 
A-WASH 
A-WASH 

B-ICE . 

B-WASH 

C - I C E  
' C-WASH 

D-ICE 
D-WASH 

E-ICE 
E-WASH 

F-ICE 
F-ICE 
F-WASH 
F-WASH 

N P N P 
(mglml la Wash (mg11) 

a. Mi l l igrams o f  plutonium o r  neptuni.um fed t o  columns per m i l l i l i t r e  o f  res in .  

b. Bulk column volumes o f  wash so lu t i on  fed t o  columns, 






