
8 
d 
U 

3 
0 
r-! 

SOLUTION USED I N  NUCLEAR-FUEL 

Inventors:  0. K. Ta l l en t  
268 I roquo is  Road 
Oak Ridge, Tennessee 
U.S. C i t i zen  

REPROCESSING 

37830 

\D Yj 4-4. 

z 45 K. E. Dodson 
dJ 

a w 59 B rasc i l  i a Court 
I E a Knoxvi l  le ,  Tennessee 37923 

.S I ,  U.S. C i t i zen  
t ' T I !  
U 

p J. C. Mailen 
134 Cumber1 and View Dr ive  

'<;~-34 Oak Ridge, Tennessee 37830 
I . b2 U.S. C i t i zen  

, 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



METHOD FOR CLEANING SOLUTION USED I N  NUCLEAR FUEL REPROCESSING 

Background of t h e  I n v e n t  i o n  

T h i s  inven t ion , '  which was made under a  con t rac t .  w i t h  t he  Un i ted  S ta tes  

Department o f  Energy, r e l a t e s  i n  general  t o  a  process use fu l  in' the  r e c l a -  

5  mat ion o f  components o f  spent nuc lear  f u e l  and, more p a r t i c u l a r l y ,  t o  a  

method f o r  removing degrada t ion  products  f r om a  s o l u t i o n  commonly used f o r  

r e c l a i m i n g  p lu ton ium and uranium from a  n i t r i c  a c i d  s o l u t i o n  i n  which spent 

n u c l e a r  f u e l  i s  d isso lved .  

The 30% tri -n -bu ty l  phosphate (TBP) , 70% dodecane so l  u t i  on used i n  

10 nuc lea r  f u e l  reprocess ing  undergoes degrada t ion  i n  use, forming monobutyl 

phosphate and d i b u t y l  phosphate which then  form complexes w i t h  small 

q u a n t i t i e s  o f  plutonium, u ran i  um, and t h e i r  f i s s i o n  products  t h a t  are 

n o t  removed from t h e  s o l u t i o n  i n  t h e  p r ima ry  nuc lear  f u e l  r ec l a im ing  

process. Recycle. o f  TBP s o l  vent f o r  f u r t h e r  use requ i res  t he  removal 

15 o f  these degradat ion products ,  and va r i ous  methods have been pr'oposed 

f o r  t h i s  purpose, i n c l u d i n g  washing t h e  so l ven t  w i t h  Na2C03 o r  

N2H4. H2C03 s o l u t i o n s  o r  passing t h e  so l  ven t  th rough  a  co l  umn con ta in i ng  

s o l i d  adsorbents such as m a c r o r e t i c u l a r  r e s i n s ,  hydrous Ti02, and mixed 

S i02  and Pb02. The use o f  Na2C03 produces l a r g e  amounts o f  waste 

20 m a t e r i a l  t h a t  causes a  d isposa l  problem. The NzH4.HzC03 method pre- 

sen ts  problems i n  t h e  p repa ra t i on  and s to rage  o f  t h e  NzH4.HzC03 s o l u t i o n  



used the re in .  A r e s i n  adsorbent w0rk.s we1 1  on ly  w i t h  a c i d - f r e e  

solvents.  Ti02 i s  p resen t l y  used on ly  on an experimental scale, and 

m'ixed Si02 and PbOz have on ly  been repor ted  as being used f o r  secondary 

removal o f  degradat ion products from so lu t i ons  p rev ious l y  t r e a t e d  by 

5 standard wash so lu t ions .  

Sumnary of the Invention 

I t  i s  there fore  an ob jec t  o f  t h i s  i n v e n t i o n  t o  p rov ide  an e f f i c i e n t  

and convenient method. for  decontaminating a  nuclear  metal e x t r a c t i n g  

s o l u t i o n  con ta in ing  a  hydrocarbon d i l u e n t ,  t r i - n - b u t y l  phosphate o r  

10 t r i - 2 - e t h y l h e x y l  phosphate, and a  degradat ion product o f  one o f  t he  

named phosphates. 

Another ob jec t  o f  the i nven t i on  i s  t o  c lean a  TBP s o l u t i o n  w i thout  

producing waste products t h a t  are d i f f i c u l t  t o  dispose of.  

These ob jec ts  .and o ther  advantages are achieved, i n  ,accordance w i t h  

15 t h e  invent ion ,  by con tac t i ng  a  con.taminated a c t i n i d e  metal e x t r a c t i n g  

s o l u t i o n  w i t h  s i l i c a  gel  having a l k a l i  metal '  ions  such as sodium o r  

l i t h i u m  adsorbed thereon, thereby adsorbing i m p u r i t i e s  i n  t h e  s o l u t i o n  

on t h e  ge l ,  which can then be disposed o f  as an e a s i l y  handled s o l i d  o r  

which can be washed and recycled f o r  f u r t h e r  use as a  c lean ing  medium. 
. . 

2 0 Brief 'Description of the Drawing - 

The drawing i s  a graph showing t h e  amount o f  ~ 0 ~ ~ '  and d i b u t y l  

phosphate present i n  e f f l u e n t  obtained from a  column o f  t r e a t e d  s i l ' i c a  

gel  through which i s  passed a  contaminated e x t r a c t a n t  s o l u t i o n  

descr ibed w i t h  p a r . t i c u l a r i  t y  he re ina f te r .  



- 3 -  

Detai  1 ed Descript ion 

The t r e a t e d  s i l  i c a  gel  usefu l  f o r  t h e  process o f  t h i s  i n v e n t i o n  

can be prepared by soaking the  gel i n  an aqueous s o l u t i o n  o f  NaOH o r  

LiOH f o r  about 24 hours, a f t e r  which the  gel  i s  f i l t e r e d ,  a i r  d r i ed ,  

5  washed w i t h  water, and again a i r  d r i ed .  This  treatment r e s u l t s  i n  t h e  

adsorpt ion of ~ a + ,  ~ i+,  and OH' i ons  on t h e  sur face o f  t he  gel and 

increases the  gel sur face charge. Tests made by t h e  inventors  have 

shown t h a t  the  capac i ty  o f  t he  t rea ted  gel t o  c lean TBP so lvent  

increases w i t h  t h e  amount o f  sodium o r  1  i t h i u m  adsorbed on the  gel , the  

10 ' p r i nc ipa l  f a c t o r  which determines t h e  amount o f  t he  a l k a l i  metal 

adsorbed on the  gel being t h e  s p e c i f i c  sur face area o f  the  l a t t e r .  .It 

i s  t he re fo re  pre ferab le ,  so f a r  as i s  p r a c t i c a l  wh i le  main ta in ing  a  

desi red f l o w  r a t e  through a  column, t o  use a  s i l i c a  gel  having a  small 

p a r t i c l e .  s ize ,  and concomi t a n t l y  a  l a r g e  sur face area, t o  increase the  

15 . gel  adsorpt ion capaci ty .  A number o f  commercial l y  a v a i l a b l e  s i l i c a  

ge ls  w i t h  mesh s izes  up t o  '100-200 mesh have been e f f e c t i v e l y  used in 

t e s t s  made by the  inventors.  

The p r i n c i p a l  i m p u r i t i e s  removed from TBP so lvent  by the  process o f  

t h i s  i n v e n t i o n  are  monobutyl phosphate, d i b u t y l  . phosphate, . U O ~ ~ + ,  pu4+, and 

20 f i s s i o n  products o f  plutonium and uranium complexed w i t h  monobutyl 

phosphate o r  d i b u t y l  phosphate. N i t r i c  ac id  i s  a lso  removed from t h e  TBP 

s o l u t i o n  by the  t rea ted  s i l i c a  gel .  Conventional adsorp t ion  column tech- 

niques are app l i cab le  f o r  t he  process o f  t he  invent ion.  

One op t i on  f o r  disposal o f  s i l i c a  gel  loaded w i t h  the  above-named 

25 i m p u r i t i e s  by the  process of t he  i n v e n t i o n  i s  t o  t r e a t  t h e  gel as waste. 

For  example, t he  loaded gel can be incorporated i n t o  glass b r i c k s  f o r  con- 

venient  handl ing and storage. Another disposal op t i on  i s  t o  wash adsorbed 



i m p u r i t i e s  o f f  t he  gel and then recyc le  i t  i n t o  f u r t h e r  con tac t  w i t h  

contaminated TBP 'so lut ion.  S u i t a b l e  sol  u t i o n s  f o r  e l  u t i n g  t h e  gel are 

one con ta in ing  30% TBP and 70% hydrocarbon d i l u e n t ,  HN03,,and aqueous 

HN03. 

5 T r i - 2 - e t h y l  hexyl phosphate i n  a  hydrocarbon d i  1  uent i s  being con- 

s i de red  as an a1 t e r n a t i v e  t o  TBP f o r  use i n  recover ing  uranium and plu- 

t o n i  um from n i t r i c  ac id  nu.cl ear  f u e l  d i s s o l v i n g  so l  u t ions .  The 

mono-2-ethyl hexyl  phosphate and d i - 2 - e t h y l  hexyl  phosphoric a c i d  degra- 

d a t i o n  products formed from t h i s  a l t e r n a t i v e  e x t r a c t a n t  are extremely 

10 d i f f i c u l t  t o  c lean %from t'he e x t r a c t a n t  by use o f  convent ional  sodium 

carbonate washing due t o  emu1 s ion  problems. However, t he  t r e a t e d  

s i l i c a  gel  used i n  t h e  process o f  t h i s  i n v e n t i o n  has been found t o  

be e f f e c t i v e  f o r  removing the mono-2-ethyl hexyl  phosphoric a c i d  and 

t h e  d i - 2 - e t h y l  hexyl phosphoric a c i d  product  f rom a  t r i - 2 - e t h y l  hexyl  

15 phosphate and hydrocarbon d i l u e n t  so lu t i on .  The adsorp t ion  capac i ty  o f  

t h e  t r e a t e d  gel f o r  removing the  last-named degradat ion products o f  

t r i - 2 - e t h y l h e x y l  'phosphate i s  l e s s  than t h a t  o f  t h e  gel f o r  removing 

t h e  degradat ion products o f  TBP because o f  t he  l a r g e r  molecular  s i ze  o f  

t h e  former compared t o  the  l a t t e r .  . 

2  0  Use o f  t h e  here in  d isc losed t r e a t e d  s i l i c a  gel f o r  removing con- 

taminants f rom a  s o l u t i o n  o f  a  hydrocarbon d i l  uent and e i t h e r  t r i - n - b u t y l  

phosphate o r  t r i - 2 - e t h y l  hexyl  phosphate prov ides the  f o l l  owing advantages: 

1. The gel minimizes the  problem o f  wast.e d isposal  associated 

w i t h  t h e  sodium carbonate wash method o f  decontaminat ing a DBP 

25 s o l u t i o n .  



2. The use of t h e  ge l  e l i m i n a t e s  t h e  problems o f  gassing, 

emu1 s ion ,  s l  ow phase separa t ions ,  f o rma t i on  o f  , i n s o l u b l e  m a t e r i a l  a t  

i ' n t e r f aces  o f  phases, and e n t r a i  nment between phases t h a t  occur when 

wash s o l u t i o n s  a r e  used f o r  decontaminat ing e x t r a c t a n t  s o l u t i o n s .  

5 3. . The ge l  r e q u i r e s  a  much smal l  e r  s to rage  volu,me than  a  was,h 

1  i q u i d .  

4.  ' Wash methods r e q u i r e  n e u t r a l i z a t i o n  o f  ac i d  i n  t h e  e x t r a c t a n t  

s o l u t i o n ,  which r e s u l t s  i n  p r e c i p i t a t i o n  problems t h a t  a re  e l  im ina ted  by 
. . 

use o f  t h e  ge l  o f  t h e  i 'nvent ion.  Furthermore, t h e  t r e a t e d  s i l  i c a  gel. a c t s  

10 as a  f i l t e r  f o r  t h e  e x t r a c t a n t  s o l u t i o n  so t h a t  o t h e r  f i l t e r s  a r e  n o t  

needed. 

5. Treated s i l i c a  ge l  i s  l e s s  sub jec t  t o  chemical and r a d i a t i o n  

damage than  t h e  m a c r o r e t i c u l a r  r e s i n s  p r e v i o u s l y  used as adsorbents f o r  t h e  

contaminants i n  e x t r a c t a n t  s o l u t i o n s ,  and t h e  ge l  'can e a s i l y  be e l u t e d  

15 whereas m a c r o r e t i c u l a r  r e s i n s  a re  e l u t e d  w i t h  d i f f i c u l t y .  

6. The column f l o w  r a t e  usab le .  w i t h  t h e  method' o f  t h i s  i n v e n t i o n  i s  

a t  l e a s t  t w i c e  t h a t  r e p o r t e d  f o r  hydrous t i t a n i u m  decontaminat ion columns. 

7. The use o f  t r e a t e d  s i l i c a  ge l  f o r  c l ean ing  an e x t r a c t a n t  s o l u t i o n  

e l i m i n a t e s  problems o f  t o x i c i t y  and exp los ion  t h a t  a re  i nvo l ved  w i t h  t h e  

20 use o f  hydraz ine  compounds as c l e a n i n g  agents. 

8. L a s t l y ,  t h e  ge l  used i n  accordance w i t h  t h i s  i n v e n t i o n  i s  more 

e f f e c t i v e  f o r  c l ean ing  an e x t r a c t a n t  so l ven t  than  t h e  wash o r  macro- 

r e t  i c u l  a r  c l  eani  ng means. 

The f o l l  owing t e s t  examples spec i  f i c a l  l y  i 1  l u s t r a t e  t h e  process o f  

25 t h i s  i nven t i on .  



The f o l l o w i n g  i s  a  d e s c r i p t i o n  o f  a  so l ven t  c leanup t e s t  us i ng  s i l i c a  

g e l  t r e a t e d  w i t h  LiOH i n  which s i l i c a  gel  column load ing ,  e l u t i o n ,  and 

regene ra t i on  a r e  demonstrated. 

5  A ba t ch  of 6-16 ,mesh s i l i c a  gel  ( F i s h e r  S c i e n t i f i c  Grade 05)  was 

soaked f o r  24 h  i n  a  volume 0.f . l . O  - M NaOH s o l u t i o n  such ' t h a t  2  m i l l  imoles 

o f  L ' ~ O H  were present  i n  t h e  so l  u t  i o n  pe r  gram o f  s i l  i c a  ge l  . The gel  was 

f i l t e r e d ,  a i r  d r ied ,  washed w i t h  a  volume o f  water equal t o  t h e  i n i t i a l  

volume o f  LiOH s o l u t i o n ,  and again a i r  d r i e d .  Analyses showed t h a t  the  

10  t r e a t e d  s i l i c a  gel  s o l i d s  con ta ined  250 mg o f  water and 7.3 mg o f  l i t h i u m  

p e r  gram o f  gel .  A 30% TBP approx imate ly  70% hydrocarbon feed so lven t  

c o n t a i n i n g  1.5 x  10-3 - M UO$+, 2.70 x  10-3 - M d i b u t y l  phosphate (DBP), 

approx imate ly  3.0 x  10-4 - M monobutyl pho.sphate (MBP), and s l i g h t l y  l e s s  

t h a n  5  x 10-3 - M HN03 was f e d  a t  a  r a t e  o f  0.4 ml/min i n t o  a  1 .0cm d iameter  

1 5  column c o n t a i n i n g  17.5 ml (15.7 g )  o f  t h e  above descr ibed  p re t rea ted  

s i l i c a  ge l  a t  approx imate ly  40°C. S1,ight breakthrough o f  t h e  DBP i n t o  

t h e  e f f l u e n t  began a f t e r  1250 m l  of feed had passed th rough t he  column, 

and s l  i g h t  breakthrough o f  ~ 0 ~ 2 ~  occur red  a f t e r  -1500 ml o f  feed had 

passed through. The column was d ra ined  a f t e r  t he  ~0~~~ began t o  break 

20 t h rough  and e l u t e d  w i t h  150 ml o f  0.25 - M HN03 aqueous s o l u t i o n  a t  a  0.4 

m l j m i n  f l o w  ra te .  It was found t h a t  13 m l  o f  t h e  o rgan ic  so l ven t  which 

had adhered' t o  t h e  gel  su r face  came o f f  t h e  column w i t h  t h e  150 ml o f  

aqueous e l u t i o n .  A t  t h i s  p o i n t ,  t h e  s i l  i c a  ge l  i n  t h e  column was re-  

generated by a  t rea tment  i n  which each o f  two 25 ml volumes o f  0.5 g 

25 4iOH were a1 lowed t o  s tand i n  t h e  column f o r  4  h. Any DBP n o t  e l u t e d  



. . - ,7 - 
p r e v i o u s l y  i s  e l u t e d  i n  t h i s  step. The column was dra ined,  l i g h t l y  

d r i e d  w i t h  a  stream o f  a i r ,  and f i l l e d  w i t h  pure 301  TBP--70% normal 

p a r a f f  i n  hydrocarbon sol  vent  ( h e r e i  n a f t e r  r e f e r r e d  t o  as NPH) . The 

do1 umn was used i n  two a d d i t i o n a l  loading, '  e l  u t i o n ,  and re 'generat i  on 

5  cyc les  s im i  1  a r  t o  t h e  above except t h a t  t h e  e l  u t i o n s  were w i t h  100 ml 

volumes o f  30% TBP, approx i inate ly  70% NPH, 0.6 - M HN03 so l ven t .  

The ave'rage l o a d i n g  on t he  s i l i c a  ge l  column i n  t h e  t h r e e  cyc les  

was approx imate ly  0.19 m i l  1  imoles o f  ~ 0 ~ 2 ~  and 0.29 m i l  1  imo les  o f  DBP 

p e r  gram d r y  we igh t  o f  t h e  s i l i c a  ge l .  On t h e  average approx imate ly  

10 98% o f  t h e  ~ 0 ~ 2 ~  and 92% DBP was e l u t e d  i n  each cyc le .  I n  t h e  re-  

gene ra t i on  s tep,  an average o f  approx imate ly  1.0 m i l  1  imo le  o f  1  i t h i  um 

was adsorbed per  gram o f  mo is t  s i l  i c a  ge l .  Th i s  i s  approx imate ly  t h e  

q u a n t i t y  o f  l i t h i u m  adsorbed per  gram i n  t h e  o r i g i n a l  p repa ra t i on  o f  

t h e  s o l i d  sorbent: 

15 Example I 1  

The f o l ' l o w i n g  i s ,  a  d e s c r i p t i o n  o f  a  so l ven t  c leanup t e s t  which i s  

t y p i c a l  o f  severa l  t e s t s  conducted us ing  s i  1  i c a  ge l  t r e a t e d  w i t h  sodium 

hydrox ide  (NaOH) s o l  u t  i ons. 

A cnl ~ ~ m n  t h e  same s i z e  as i n  Example 1 was f i l  l e d  w i t h  17.0 g  o f  

20 s i l i c a  gel  t h e  same as Example 1 except t h a t  i t  was p r e t r e a t e d  w i t h  

NaOH s o l u t i o n  i n s t e a d  of LiOH s o l u t i o n .  The p re t rea ted  ' ge l  conta ined 

236hmg o f  Hz0 and 20.4 mg o f  sodium per  gram o f  ge l .  A 30% TBP 

approx imate ly  70% NPH feed so l ven t  c o n t a i n i n g  4.6 x  10-3 - M U O ~ ~ + ,  8.0 x 

10-3 - M DBP, and l e s s  than 5.0 x 10-3 - M HN03 was fed i n t o  t h e  column a t  

25 40°C a t  a  r a t e  o f  0.3 ml/min. The uo2zt.and DBP e f f l u e n t  breakthrough 



curves  a re  shown i n  t he  accompanying drawing. As can be seen, 400 m l  

o f  so l ven t  was put  th rough  t h e  column b e f o r e  t h e r e  was s i g n i f i c a n t  

b reak th rough o f  the '  ~ 0 2 2 ~  and DBP i n  t h e  e f f l u e n t .  ~ v e r a ~ e  l o a d i n g  on 

t h e  co l  umn amounted t o  0.14 mi 11 imol es o f  ~ 0 2 2 ~  and 0.23 m i l  1  imol es o f  . 

5  DBP pe r  gram d r y  weight  o f  t he  s i l  i c a  ge l .  It i s  es t imated  f rom ex t ra -  

p o l a t i o n  o f  t h e  data i n  t h e  drawing t h a t  0.22 m i l l i m o l e s  o f  .uo22+ and 

0.31 m i l l  imoles o f  DBP would be:loaded per  gram d r y  weight . o f  s i l i c a  

ge l  a t  100% breakthrough o f  these c o n s t i t u e n t s  i n t o  t h e  e f f l u e n t .  

The approximate 26,000 l i t e r s  o f  so l ven t  used i n  p rocess ing  one 

10 m e t r i c  t o n  of nuc lear  f u e l  i s  es t imated  t o  c o n t a i n  approx imate ly  26 mol 

each o f  uo22+ and DBP. The es t imated  amount o f  sodium r e q u i r e d  t o  

c l e a n  up 26,000 1  i t e r s  o f  such so l  ven t  u s i n g  t he  s i l  i c a  ge l  method 

based 'on t h e  above l o a d i n g  va lues would be approx imate ly  3  kg. It has 

been es t imated  t h a t  25 kg  o f  sodium o r  approximate1.y 100 k g  o f  sodium 

15 n i t r a t e  i s  produced as waste us ing  t h e  sodium carbonate wash ' so lven t  

c leanup method. 

Other t e s t s  were conducted i d e n t i c a l l y  t o  t h e  above t e s t  except a t  

f a s t e r  feed  f l o w  ra tes .  From these t e s t s ,  i t  was shown t h a t  t h e  capa- 

c i t y  n f ' t h c  s i l i c a  ge l  t o  l oad  ~ 0 2 2 ~  and DBP was unchanged a t  f10.w 

20 r a t e s  up t o . l . 1  ml lmin.  The c a p a c i t y  was decreased by approx imate ly  

40% a t  a  r a t e  o f  1.7 ml lmin.  

Example 111 

T h i s  i s  a  d e s c r i p t i o n  o f  t e s t s  t o  c l ean  up i r r a d i a t e d  so l  vent (30% 

TBP approx imate ly  70% NPH). The t e s t  so l ven t  had been used t o  e x t r a c t  

25 uranium and p lu ton ium f rom a  d i s s o l v e r  s o l u t i o n  o f  H. 0.  Robinson-2 



r e a c t o r  f u e l .  A f t e r  t h e  e x t r a c t i o n s ,  t he . l oaded  so lvent  was con tac ted  

w i t h -  n i t r o u s  a c i d  s o l u t i o n  t o  remove e a s i l y  s t r i p p e d  p lu ton ium and w i t h  

0.01 - M HN03 s o l u t i o n  t o  remove e a s i l y  s t r i p p e d  uranium. I n  a  process 

t h e  s t r i p p e d  so l ven t  a t  t h i s  p o i n t  would be sent  t o  so l ven t  cleanup. 

5 The r e s p e c t i v e  gross alpha and gross gamma a c t i v i t i e s  r e t a i n e d '  i n  t h e  

3  s t r i p p e d  so l  vent were 4.8 x  lo4 and 7.4 x. 10 c/m/ml and t h e  r e s p e c t i v e  

DBP, uo22+, and H+ concen t ra t i ons  were 3 x  10-4 - M, 4.45 x - M y  and 

1.0 x  - M. The alpha a c t i v i t y  was p r i m a r i l y  f rom 2 3 9 ~ u  and t h e  

gamma a c t i v i t y  p r i m a r i l y  f rom f i s s i o n  product  metal  ions.  A  270 ml 

10 volume o f  t h e  s t r i p p e d  so l ven t  was passed th rough a  1.0 cm d iameter  

column c o n t a i n i n g  15 m l  o f  s i l i c a  ge l  ( p r e t r e a t e d  .as descr ibed  i n  

Example 11) a t  a  r a t e  o f  approx imate ly  1.0 m/min. The gross a lpha and 

gross gamma a c t i v i t i e s  i -n t h e  e f f l ' u e n t  so l ven t  were decreased t o  l e s s  

t han  20' c/m/ml and l e s s  than  400 c/m/ml, r e s p e c t i v e l y .  The DBP con- 

15 c e n t r a t i o n  was decreased t o  5 x  - M and t h e  MBP c o n c e n t r a t i o n  was 

be low t h e  1  i m i t s  o f  d e t e c t i o n  ( l e s s  than  1 -x  10-5 1). Decontaminat ion 

. f a c t o r s  ob ta ined  f o r  t he  so l ven t  i n  t h e  s i l i c a  ge l  column a r e  shown i n  

Tab le  1. Decontaminat ion f a c t o r s  f o r  sodium and hydraz i  ne carbonate 

equal volume wash t e s t s  a re  a l s o .  shown. The gross a1 pha decontaminat ion 

20 f a c t o r  ob ta ined  by t h e  column t rea tment  was approx imate ly  1200 t imes  

g r e a t e r  t han  t h a t  obta ined i n  t h e  wash t e s t s .  The gross gamma decon- 

. t am ina t i on  f a c t o r  was o n l y  s l i g h t l y  g rea te r  i n  t h e  column t e s t s .  



Table I 

Comparison o f  column t e s t s a  w i t h  aqueous wash 

t e s t s b  f o r  so l  ventc c l e a n u p  

5 Sodi um Hydraz i  ne 
Decontaminat ion carbonate ' carbonate S i l i c a  ge l  t r e a t e d  

f a c t o r  . 0.23 - M 0.23 - M w i t h  NaOH c 

Gross alphad 2 .O 1.9 2.4 x lo+3 . 

10 Gross gamma 16.5 6.9 18 

a ~ o l u m n  on ta ined  15 ml o f  t r e a t e d  s i l i c a  ge l ,  f l o w r a t e  = 5 1.3 ml/min/cm o f  column c ross  s e c t i o n  sur face  area, temperature 40°C. 

b ~ q u a l  v o l  ume aqueous-organic equi 1 i b r a t i o n s  f o r  5 mi n, temperature 
15 25°C. 

C ~ o l v e n t  . f rom t e s t s  us ing  feed f rom H. B. ~ o b i n s o n  f u e l  under LMFBR 
f u e l  p rocess ing  condi t ions. .  

d ~ r o s s  a lpha approx imate ly  98% 2 3 9 ~ u  and 2 3 8 ~ u .  



NETHOD FOR CLEANING SOLUTION USED I N  NUCLEAR FUEL REPROCESSING 

ABSTRACT OF THE DISCLOSURE 

A nucl  ear  f u e l  processing sol  u t i  on con ta i  n i  ng (1) hydrocarbon d i  1 uent,  

( 2 )  t r i - n - b u t y l  phosphate o r  t r i - 2 - e t h y l h e x y l  phosphate, and (3 )  monobutyl 

5 phosphate, d i b u t y l  phosphate, mono-2-ethylhexyl phosphate, 

d i - 2 - e t h y l  hexy l  phosphate, o r  a complex formed by p l  u t o n i  urn, uranium, 

o r  a f i s s i o n  product thereof  w i t h  monobutyl phosphate, d i b u t y l  

phosphate, mono-2-ethylhexyl phosphate, o r  d i -2 -e thy lhexy l  p h 0 s p h a t e . i ~  

contacted w i t h  s i l i c a  gel having a l k a l i  ions  absorbed thereon t o  rPmove 

10 any one o f  t h e  degradat ion products named i n  sec t i on  ( 3 )  above from 

sa id  so lu t i on .  
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