
MODIFIED PUREX PROCESS 

FOR THE SEPARATION AND RECOVERY 

OF PLUTONIUM-URANIUM RESIDUES 

James D. Nmtratil 

Chemistry Research and Develdpment 
CHEMICAL RESEARCH 

Robert G. Leebl 

Chemical Operations 
SPECIAL WOVERY 

MASTER 

I1b ROC~WBII International 
L - 

Atomics lntwnatio~l Division 
~ o c k y  Flats Plant 

P.O. Box 464 
Golden. Colorado 80401 

U. & DEPARTMENT OF ENERGY 
COMTRACT'EY -96C-04-3533 



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. 



LEGAL NOTICE 
This report was prepared as an account of work sponsored by the United 
States Government. Neithei l l ~ e  United States nor the Department of 

Energy, nor any of their employees, nor any of their contractors, 
subcontractors, or their employees, makes any warranty, expressed 
or implied, or assumes any legal liability or responsibility for the 
accuracy, completenesss or usefulnress of any information, apparatui, 
product or process disclosed, or represents that its use would not 
infringe privately owned rights. 

Rinted in tbe United States of America 
Available fiom the 

National Te~chnial Tnfnrmati~n Semi& 
U. S. Department of Corjnmerce 

Springfieldd, Virginia 221 6 1 
Price: Printed Copy $4pDMia&&e S.QQ 
Price Is Subject to Change Witbout Notice 



Printed 
, ' July8,1978 

RFP-2675 
UC-4 CHEMISTRY 
TID4500-R66 . ' 

MODIFIED PUREX PROCESS 

FOR THE SEPARATION AND RECOVERY 

OF PLUTONIUM-URANIUM RESIDUES 
. . 

James D. Nau.ratil 

Cle1111sl1 y ,  Rcscaili luld. Dcvclspment 
CHEMICAL RESEARCH 

Robert G. Leebl 

Chemical Operations , 

SPECIAL RECOVERY , 

Actinides 
Plutonium ' 

Plutonium Recovery 
Solvent Extraction 
Uranium 

ROCKWELL INTERNATIONAL 
ATOMICS INTERNATIONAL DIVISION 

ROCKY FLATS PLANT 
P.O. BOX 464 

GOLDEN, COLORADO -1 

Prepared under Contract EY-76644-3533 
for the 

Albuquerque Operations Office 
U.S. Department of Energy 

NOTICE 

contractor$. subcontractors, or thcir employees, makes 
any warranty, exprcu or implied, or anumo any legal 
liability or responsibility for the accuracy, complctcncu 
or usefulness of any information, apparatus, pmduct or 
prooen diiloczd, or rspmrsnu lhnl it8 un would not 

I 





C , O N T E N T S  % . ,  

Introduction ............................................................. 1 

,Experimental............................................................ . 1 

............................................................ Materials 1 

............................................ Equipment' and procedure.. 2 

........................................................... Analysis.. 3 
I 

................................................ Results and Discussion.. 3 . 
Pl utonQum and Uranium . ' ................................................. Separation Methods.. 3 

Development of Modi f i ed 
Purex Process.. .................................. .. ................... 4 

Demonstration of Process ............................................ 10 

Sumary .... l........................................................... 13 

: i .  . . 

............................................................. References. 14 





. . 
The authors wish t o  acknowledge the  experimental 
assistance o f  J . , A .  Bat tag l ino ,  G. M. Dancer, . 
W. G. Eggerman, D. E. Kudera, W .  H.  Ramsey, and 
C. R a t l i f f ,  and the he lpfu l  suggestlons.of 
.c. Vejvoda. .We also extend our thanks t o  
personnel i n  Analy t ica l  Laborator ies , e s p e c i a l . 1 ~  
t o  R. S. Cichorz, R. C.  Nelson, and R. J, ,s i ronen 
for the  analyses. ' 





MODIFIED PUREX PROCESS 

FOR THE SEPARATION AND RECOVERY 

OF PLUTONIUM-URANIUM RESIDUES 

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

Abstract.. A- modif ied .(one-cycl e)  Purex 
.process has .been developed fo r  the 
separation and recovery o f '  p l  u tonhm and 
uranium from mixed ac t in ide  residues. 
The process u t i l i z e s  30 volume percent 
t r i b u t y l  phosphate-dodecane t o  ex t rac t  
uranium from a 5M n i t r i c  acid-plutonium 
( I I I ) -urani uM( V I ~  .feed. A f t e r  urani  um 
ext ract ion,  plutonium i n  the aqueous 
feed so lu t i on  i s  pu r i f i ed  by anion 
exchange , techno1 ogy. Urani um i n  the 
organic i s  scrubbed and s t r ipped t o  
e f f e c t i v e l y  pu r i f y  the uranium s~o t h a t  
i t  contains ~5,000 ppm plutonium. The , ,  
process has been used successful ly  t o  
separate residues cons is t ing of p l  u ton i  um 
and uranium oxide. 

INTRODUCTION 

Chemistry ~esea rch  and Development was 
asked . t o  inves t iga te  processes for  
separating sma-1 1 amounts of m i  scel 'I aneo.us , 
mi'xed ac t i n i de  resfdues f o r  recovery. 
The plutonium residues concerned here 
contained 0.1 t o  54 ~t % uranium. The 
residues were recetved as oxides.. 

the  plutonium product t o  the plutonium 
pu r i f i ca t i on ,  ion-exchange process a t  . : .  

Rocky F la ts  and the uranium oxide 
(U,O,) product t o  the Savannah- River 
Plant .  Processing methods f o r  separation 
and recovery included i o n  exchange, 
p rec ip i t a t i on ,  and solvent  ex t rac t ion  
techniques. This r epo r t  deals w i t h  the 
1 as t  technique. 

A modi f ica t ion o f  the Purex process was 
selected because (1) t h a t  method was best  
su i ted f o r  a va r i e t y  o f  p l  u ton i  um-urani urn 
ra t i os ,  (2)  f i s s i o n  pr@duct removal was 
not  required, and (3 )  p1,utoni um p u r i  f i ca- 
t i o n  by ion  exchange was avai 1 able. 
Sol vent ex t rac t ion  evaluat ion included 
(1) development o f  a f1ow.sheet f o r  the 
process, (2)  fami 1 i a r i z a t i o n  and d i r e c t  
experience w i t h  solvent  ex t rac t ion  as a 
special recovery to.01, and (3)  ' demon- 
s t r a t i o n  of the solvent  ex t rac t ion  
process t o  include an evaluat ion o f  i t s  
c a p a b i l i t y  f o r  pro'cessing the mixed 
ac t in ide  residues. 

EXPERIMENTAL 

, .Processing the va r i e t y  of plutonium Materi a1 s 
oxide and urani  um oxide mjxtures requl  red 
recovery development. The governing T r i  bu ty l  phosphate (TBP) was suppl i e d  
c r i t e r i a  f o r  the plutonium-uranium by e i t h e r  E. H. Sargent and Company 
separation were <5,000 ppm o f  uranium ( technica l  grade) o r  by Eastman Kodak 
, i n  the plutonium product.and'<5,000 ppm Company. Eastman pract ica l '  dodecane 

. p l~r ton ium i n  the uranium product. These was used. . ,  Freshly prepared 30 vol % 
requirements permit  prompt shipment of TBP-dodecane was equ i l i b ra ted  twice w i t h  



equal volumes of' 1b-I Na,CO, (sodium 
carbonate) t o  remove residual traces of 
TBP. Prior t o  use of the t reated 
organic, i t  was equilibrated twice with 
equal volumes of 54 HNO, ( n i t r i c  acid)- 
0.1M Fe(SO,NH,), (ferrous sulfamate) 
t o  ac id i fy  the organic. Ferrous 
sulfamate was supplied as a 3 1  solution 
from the Shepherd Chemical Company. All . other  chemicals were reagent grade and 
were used.without fur ther  purification. 

The York-Scheibel columns, 2.5 cm in 
diameter by 122 cm high, contained .ll 
t ransfer  units each. Each t ransfer  ' u n i t  
consisted of a mixing chamber ( s t i r r i n g  
i s  by a 1,000 to  1,200 rpm a i r  motor) .and 
a se t t l i ng  chamber containing s ta in less  
s tee l  baffles. Tankage was arranged so 
as to  allow the organic and aqueous 
solutions to  gravity feed through rota- 
meters to  the columns. The organic 
(1 i g h t  phase) entered the column from. the 
bottom and exited a t  the top; the aqueous 

The m'ixed actinide solutions were (heavy phase) route was the opposite. The 

.prepared by dissolving mixed oxides in columns i n i t i a l l y  were f i l l e d  with the 

12.5E HN0,-O.1H HF (h.ydrofluoric acid).  organic phase pr ior  to  the aqueous flow 

After d i  ssol~ution , the solutions were being s tar ted.  

f i  1 tered and a stoichiometric amount 
of aluminum n i t r a t e  was added to  complex Routine processing of the uranium- 
the f luoride ion. Dilution of the stock plutonium residues was performed w i t h  
mixed act inide sol utions usual ly was the tankage of the small p i lo t  plant 
made with 0.35lj HNO, o r  used scrub f a c i l i t y .  One of the 16- l i t re  glass 
solution. tanks was converted to  a batch contactor 

by placement of a Teflon tapered inser t  
a t  the bottom of the tank and by the 
addition of an a i r  sparge used fo r  . 

E q u i  pment and Procedure mixing. l 

batch equi 1 i brium experiments were 
conoducted a t  ambient temperatures (22- 
24 C) using 1 aboratory-scal e separatory 
funnels (250-400 ml ). Equal volumes of 
both phases were mixed, us ing  an a i r -  
motor s t i r r e r ,  f o r  20 minutes in the 
funnel. The phases were ailowed to 
separate for  20 minutes and then were 
sampled in duplicate. 

Conti nuous , countercurrent, sol vent 
extraction studies were performed with 
a small pilot-plant f ac i l i t y .  The 
f a c i l i t y  consisted of four 16- l i t re  glass- 
storage tanks (15 cm diameter) and three 
York-Scheibel extraction columns enclosed 
i n  a glove box. Scrub and s t r i p  solutions 
were stored in eight-1 i t r e  glass tanks 
located on top of the glove box. 

' 

The a1 r-sparge batch contactor (Flgure 1) 
was operated by placing the tank under 
vacuum and transferring the aqueous and 
organic phases into tha t  tank from the 
other 16- l i t re  holding tanks. The valves 
then were closed, b u t  the vacuum was 
maintained. This allowed a i r  to  enter  
through a sample tap a t  the bottom of 
the tank for  mixing the aqueous and 
organic phases. After f ive minutes of 
mixing, the tank was vented, and the 
phases were allowed to separate fo r  
10 minutes. The phases lthen were 
removed via the bottom out let .  The 
white Teflon inser t  f ac i l i t a t ed  good 
separation of the phases by allowing 
the interface to  pass through a 
res t r ic ted  area. The inser t  also 
provided good visual observation for  
interface detection. 



FIGURE 1. A i r  Sparge Batch Contactor 
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whereas uranium i n  >0.1 g / l  so lu t ions 
was determined by X-ray fluorescence 
(wavelength d ispers ive method). 
Plutonium i n  these samples was removed 
by a prec i  p i  t a t i o n  method p r i o r  t o  
analysis. Plutonium was analyzed 
rad iomet r i ca l l y  except f o r  >1 g / l  
p l  u ton i  um so lu t ions , which were analyzed" 
by X-ray fluorescence (wavelength 
dispersive method). The ox idat ion s ta te  
analysis of the plutonium was accom- 
p l  i shed by spectrophotometri c techniques. 

The i r o n ( I 1 )  normal i ty  i n  ferrous 
sulfamate was determined by volumetric 
c e r i c  su l f a te  t i t r a t i o n .  Trace 
impur i t ies  i n  the feed so lu t ions were 
determined by op t i ca l  emission spectro- 
scopy, whereas macroamounts of anions 
were determined, by ion  se lec t i ve  . .. 

electrodes and wet chemical techniques. 
N i t r i c  ac id  concentrations were 
determined by acid-base t i t r a t i o n .  
Hydrolysis products i n  the t r i b u t y l  
phosphate (mainly d i  bu ty l  phosphate) 
were estimated by plutonium re ten t ion  
numbers. * The percentage o f  tri bu ty l  
phosphate i n  the 30 vol  % TBP-dodecane 
was checked pe r i od i ca l l y  by in f rared 
spectroscopy techniques. 

RESULTS AND DISCUSSION 

Plutonium and Uranium 
Separation Methods 

Ion exchange, solvent  ex t rac t ion,  and 
p r e c i p i t a t i o n  separation techniques were 
considered f o r  recovering p l  u ton i  um and 
uranium from mixed oxide residues. The 
governing c r i t e r i a  f o r  the'. p1.utoni um- 
uranium separation were i5,,'000 ppm o f  
urani  um i n  the plutonium product and 
~5,000 ppm o f  plutonium in..:the uranium 

. . 
product. 



Anion exchange separat ion o f  plutonium 
and uranium, using Dowex* 1-X4 anion 
exchange res in ,  has the  disadvantage of 
r e q u i r i n g  la rge  volumes o f  713 HNO, wash 
t o  remove t he  weakly sorbed uranium from 
the  plutonium-loaded res in .  Prel iminary 
experiments were performed t o  compare 
o ther  res ins  t o  Dowex 1-X4 from the 
standpoint  of uranium removal by washing. 
A few macrore t icu lar  res ins  were tes ted 
w i t h  d isappoin t ing r esu l t s .  

P r e c i p i t a t i o n  methods were considered 
f o r  feeds w i t h  a  h igh uranium content. 
The separat ion o f  uranium from plutonium 
i n  a  n i t r i c  ac id  medium was tried by 
p rec i  p i  t a t i  ng uran i  um as sodi um magnesi um 
uranyl  acetate. The . r esu l t s  of a  
p r e l  i m i  nary experiment appear adequate, 
b u t  the work i s  n o t  y e t  f i n i ~ h e d . ~  

Dur i  ng devel opment o f  the modi f i ed Purex 
process, several ex t r ac t i on  systems were 
considered. Amine ex t rac tan ts  have the 
advantage of ex t r ac t i ng  p l  utonium(1V) 
and leav ing  uranium(V1) i n  the feed. 
Th is  i s  an espec ia l l y  a t t r a c t i v e  scheme . 

when uranium i s  the  major cons t i tuen t  
i r ~  Ltle I'eed. 

Schulz and h i s  co-workers developed a  
r e f l u x  amine f low sheet fo r  recovering 
plutonium from me ta l l u rg i ca l  scrap. 
The secondary amine ex t rac tan t  
(.Amberlite** LA-2) was an improvement 
over t r i b u t y l  phosphate t o  pu r i f y  
p l  u ton i  um because of process simp1 i fi- 
ca t i on  and reduct ion i n  aqueous waste. 
The amine flow sheet was no t  tested, 
however; f o r  p u r i f i c a t i o n  o f  p l  u ton i  um 
from scrap' t h a t  contained uran i  um. 

*Trademark o f  The Dow Chemical Company, 
M i  d l  and. M i  chi gan. 

**Manufactured by Rohm and Haas Company, 
Phi ladelphia,  Pennsylvania. 

Ex t rac t ion  of p l  u ton i  um(1V) from 10' g l l  
plutonium and uranium feed so lu t ions i n  
7l3 HN03, using 35 vol % Amber1 i t e  LA-2 
and 10 vol  % oc t y l  alcohol-docecane, 
was eval uated. The p l  u ton i  um(1V) 
ex t r ac t i on  c o e f f i c i e n t s  were.good 
[EBu(IV) = 5 t o  151, bu t  the  ex t rac t ion  
coe f f i c i en t s  f o r  uranium were too high 
[Ee(VI) = 0.4 t o  1] t o  permit  good 
separation. Residual uranium i n  the 
plutonium loaded organic a lso  was found 
dif f ic! ! l t .  t o  remove hy 7M HNO, scr l~bbing;  
therefore, work-with t h i s  ex t rac tan t  was 
discontinued. 

Develgpjne-nt o f  Modified Purex Prgcgss- 

A modi f i c d  (one-cycle) Purex process 
. ' 

using 30 vol % TBP-dodecane as the 
ex t rac tan t  has shown the best  performance 
f o r  separat ing plutonium-uranium residues. 
The process, b r i e f l y  ou t l i ned  i n  Figure 2, 
w i l l  be fo l lowed i n  the separat ion o f  . 
p l  u ton i  um-urani um residues. 

I n  t h i s  process, uranium i s  ex t rac ted 
from 4 t o  5M HN0,-Pu(II1)-U(V1) feed . 

so l u t i on  i n t o  JO vo l % T'BP w i t h  dodecane 
used as the d i l uen t .  the  plutonium, 
rrcduccd lu p l  u10r1 iu111(1 I I )  w i Lh . ~ C ~ ' V C I U S  

sulfamate {[F~(II)]/[Pu] = 3) i s  no t  
ex t rac ted i n  a  s i g n i f i c a n t  quant i ty ,  and 
the amount l e f t  remains i n  the aqueous 
phase. The: aqueous feed so l u t i on  con- 
t a i n i n g  the plutonium and' inipuri  t i e s  i s  
processed by rou t jne  anion-exchange 
techno1 ogy. The, uran i  um-1 oaded organic 
phase i s .  then washed free ' o f  res idua l  
plutonium w i t h  0.35N HNO, contaln lng 
O.1M Fe(SO,NH,),. F i na l l y ,  a  sodium o r  
ammonium s u l f a t e  sol'ution i s  used t o  
s t r i p  the uranium from .the organic. The 
uranium product treatment cons is ts  o f  
ammonia (NH,) p r e c i p i t a t i o n  and calc ina- 
t i o n  t o  urani  um oxide. An a1 ternate  
s t r i p p i n g  procedure, whi ch combines the 
s t r i p p i n g  and p r e c i p i t a t i o n  steps, 
consists o f  using, amon i  a  f o r  d i r e c t  
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p r e c i p i t a t i o n  of uranium from the 
scrubbed organic. Sodi um carbonate 
washing o f  the organic a lso i s  used .28 

p e r i o d i c a l l y  t o  remove d i  bu t y l  phosphate 
(produced by alpha r a d i o l y s i s  of t r i b u t y l  

24 phosphate) when 1 arge plutonium re ten t ion  
numbers are obtained (about once a month). 22 

I 
20 

I m e d i a t e l y  before the p a r t i t i o n i n g  - 
s - 

steps, p l  uton'ium i n  the feed i s  reduced 2.l8 

t o  the aqueous-favoring t r i v a l e n t  - 
5;16 - species. . Ferrous sulfamate, which i s  z 
0 14 more e f f e c t i v e  than h.ydrox,ylamine n i t r a t e ,  5 

was used i n  the process t o  keep the 12 

p l  u ton i  um reduced. Figure 3 shows the 
10 

t ime requ i red f o r  p lu ton ium( I I1 )  t o  
ox i d i ze  t o  p l  u ton i  um(1V) i n  representa- 8 

t i v e  feed samples from the  batch 6 
equ i l i b r i um  experiments (v ide  i n f r a )  . 
The data show t h a t  dur ing the equ i l ib r ium.  
experiments, which requ i red no more than 2 

one day, th.e plutonium was maintained i n  
the  t r i v a l e n t  ox ida t ion  s ta te .  0 2 4 6 8 10 12 14 16 18 20 22 24 

.TIME (days) 

The data i n  Figure 3 a lso  show LEGEND 
increased ox ida t ion  ra tes  o f  t r i v a l e n t  
p lutonium w i t h  increased n i t r i c  ac id  [F~(II)]/[PU] = 3 [F~(II)~/[PU] = 6 
concentrat ions. Doubling the r a t i o  o f  ( so l  i d  1 ine) (broken l i n e )  
i r o n ( I 1 )  t o  t o t a l  plutonium (mole basis)  
slowed the r a t e  o f  ox idat ion considerably. o =  3.7H HNO, e =  3.8H HNO, 

The increased p lu ton ium(I I1)  ox idat ion 
w i t h  aci.di ty also i s  caused by increased A =  4.3M - HNO, 

o =  4.7M HNO, - 
ox ida t ion  o f  i r o n ( 1  I )  w i t h  increased 
n i t r i c  ac i d  c ~ n c e n t r a t i o n . ~  v =  5.4u HNO, 

Laboratory-scale, batch, equi 1 i brium 
technjques were used t o  evaluate the one- 
G Y G ~  c , modi f i cd, Puvrex process f o r  
plutonium-uranium separation. Prel iminary 
ext rac t ion,  scrubbing, and s t r i pp ing  
parameters f o r  the process were 
determined. 

Ex t rac t ion  coe f f i c i en t s  f o r  p l  utonium 
( I  I I )  and uranium(V1) have been 
doc'umented. 9 '  The ex t rac t ion  
c o e f f i c i e n t s  are dependent on n i t r i c  

FIGURE 3. Oxidation o f  Plutonium(I I1)  
i n  Adjusted Feed 

ac id  and so lu te  concentrations. For 
example,. urani  um(V1) ex t rac t ion  
coe f f i c i en t s  increase w i t h  n i t r i c  ac id  
concentrat ion t o  about 5H, then decrease; 
they increase w i t h  a decrease i.n uranium 
concentrat ion and decrease w i t h  increased 
plutonium(1V) conce.ntration. 



TABLE 1 

RESULTS OF LABORATORY SCALE PARTITIONING EXPERIMENTS 

. . E x t r a c t i o n  a 

Feed Organic Phase Aqueous Phase Coef f ic ients 
P u U Pu U P u U 

HNO,(M) ( g / l )  ( g l l )  P I  ( d l )  (911) ( g / l )  - E; - 

a. 
E; = 

Concentrat ion o f  metal; i o n  (M) i n  the  organic phase d i v ided  by 
I metal i o n  concentrat ion i n  t h e  aqueous a t  equ i l i b r i um.  

N i t r i c  a c i d  .concentPations between 4f3 
arid 5M were chosen f o r  ,feed so lu t i ons .  
The n i t r i c  a c i d  concentrat ion was kept  
below 5bJ t o  avoid r a p i d  p l u t o n i u m ( I 1 ~ )  
ox ida t ion ,  b u t  .above 4 1  f o r  maxi mum 
extract ion ' .  

Results o f  p a r t i t i o n i n g  var ious p l  utonium 
(111)-uranium(V1) feed so lu t i ons  i n  
d i f f e r e n t  n i t r i c  a c i d  concentrat ions are  
shown i n  Table 1. The,'extraction co- 
e f f i c i e n t s  f o r  p lu ton ium( I I1 )  and uranium 
(V I )  a re  i n  f a i r  agreement w i t h  reported 
values. 3'  Results showed the  p a r t i t i o n -  
i n g  o f  p lutonium and uranium was e f fec t i ve  
f o r  t he  separat ion scheme. 

The next  s tep i n  the  process was t o  scrub 
the  uranium-loaded organic f r e e  o f  
res idua l  plutonium w i t h  0.35M HN0,-O.1M. - 
Fe(SO,NH,'), . This scrub s o l u t i o n  was 
se lec ted on the  basis o f  improved scrubbing 

w i t h  lower n i t r i c  a c i d  concentrat ion (see .. ,. 

. " 
Table 2). Subsequent experiments showed . >. . ,  . . . . . . ,  
0.1M Fe(SO,NH,), was s u f f i c i e n t  t o  main- .. . 
t a i n  p lutonium i n  t h e .  t r i v a l e n t  s ta te ;  
0.. 35H HNO, was used s ince i t  was a v a i l a b l e  
i n  bulk.  ~ h e ' d e s i r e d  Pu/U r a t i o  ( ~ 0 . 0 0 5 )  : 
i n  th.e organic was achieved by scrubbing 
w i t h  th i s .  so lu t i on .  Because o f  t h e  h igh  
p l  u t o n i  um and u ran i  um concentrat ions 
(3  t o  5 g / l )  i n  t h e  r e s u l t a n t  aque'ous 
so lu t i ons ,  t h e  used ,scrub s o l u t i o n  was 
concentrated by'  evaporat ion and used f o r '  
feed makeup. 

The f i n a l  s tep ' - i n . .  t h e  so l  vent e x t r a c t i o n  
process was the  s t r i p p i n g  o f  uranium from 
t h e  organic phase. Water o r  d i l u t e  a c i d  
usua l l y  was used as the  uranium s t r i p p i n g  
agent. Since a more e f f i c i e n t  s t r i pp i ' ng  
agent would decrease t h e  contac t  t ime and 
vo l  ume of s t r i p p i n g  so,l u t i  on, several 
s t r i p p i n g  agents were compared. 



TABLE 2 
1 i . . 

. . 

RESULTS OF PLUTONIUM- 
URANIUM LOADED, ORGANIC-SCRUBBING EXPERIMENTS 

Loa'ded 'Organi c .NO. 1 
(Pu = 8.2 g / l )  (U = .23 g / l )  ' . . . " 

'Pu/U. (org) U/Pu .(aq) Scrub Solu t ion 

~oaded ' Organi c NO. 2 ' __.__ __._._ ..%. ,. _ .. .." .--- ....(_._..._.( -.a. .A7" . 
(Pu = 0.58 g / l )  (U = 4.2 g / l )  

Scrub _Sol_ut.i_a.-- Pu/U (org) U/Pu (aq) 

a. Pu/U r a t i o  a f t e r  f i r s t  contact w i t h  scrub solut ion.  

b. Pu/U r a t i o  a f t e r  second contact w i t h  scrub solut ion;  

8 



TABLE 3 

RESULTS OF TESTS WITH'VARIOUS STRIPPING AGENTS 

. . 

36.6 g / l  U 6.86 g / l  U 
Loaded Organic Loaded Organic . : 

u ( g i l l  ,u (9/1) 
S t r i p p i n g  Agent i n  Organic* sa** ' . i n  Organic* s;*x' 

Water 10.1 0.72 1.80 2.8 
1M Ammonium Sul f a t e  0.39 , 93 0.018 380 
1M Sodium S u l f a t e  0.39 9.3 0.054 ' 126 
7 i  - Aqueo,us Ammoni a*** 0.018 2033 0.0027 2540. 

* Concentrat ion a f t e r  one contact ,  aqueous t o  organic 
r a t i o  o f  u n i t y .  

** S; ( s t r i p p i n g  c o e f f i c i e n t )  i s  t he  concentrat ion o f  
uranium i n  the  aqueous phase d i v tded  by the  conceri- 
t r a t i o n  i n  t h e  organic phase a t  equi l ibr ium.. 

***. Ye1 low p r e c i p i t a t e  formation. 

' ~ e s u l t s  o f  t h e  s t r i p p i n g  exper'iments, 
i n c l u d i n g  t t ie  u r a n i  um concentrat ions of 
t he  organic phase ( a f t e r  contac t ing  
w i t h  var lous s t r i p p i n g  agents).  and t h e  
s t r i p p i n g  c o e f f i c i e n t s ,  a re  shown i n  
Table 3. O f  t he  s t r i p p i n g  agents t r i e d ,  
aqueous ammonia removed the  most uranium 
as a p r e c i p i t a t e ;  i t  a lso  combined t h e  
p r e c i p i t a t i o n , a n d  s t r i p  steps. Su l fa te  
so lu t i ons  were selected as t h e  most 
p r a c t i c a l  s t r i p p i n g  agents ( v ide  i n f r a )  . 
Figure 4 shows a p l o t  o f  sodium su l fa te  
concentrat ion i n  t h e  s t r i p p i n g  s o l u t i o n  
versus. u ran i  um concentrat ion ( a f t e r  s t r i p -  
p ing)  i n  two 'organics. The data show t h a t  
u ran i  um removal increases w i t h  an increase 
i n  s4ul.fate concentrat ion.  The slopes of 
.both p l o t s  change a t  a sodium su l fa te  
concentrat ion of about 1.5& which 

i ndi  cates a .decrease i n  s t r i p p i n g  . e f f  i - 
ciency. Based' on s lope change, reagent 
makeup probl.ems-, and increased s u l f a t e  
cnntaminat ion i n  the. uranium oxide (U308) 
p roduc t  w i t h  'h'igh s u l f a t e  concentrat ions,  
1M (NH,)',SO, o r  lM'Na,SO, was selected as 
the  aqueous s t r i  pp'i ng agent. 

. . 

An a1 t e r n a t i v e  s t r i p p i n g  scheme was, . .  

devised us'i ng gaseous o r  'aqueous ammoni a' 
(14bl) as t h e  s t r i p p i n g  agent. . Use o f  
ammonia' as a p r e c i p i t a t i v e .  s t r i p p i n g  . 
agent coinbi ned . t h e  uran i  um(V1) s t r i p .  and 
p r e c i p i t a t i o n  steps, e l im ina ted  t h e  
sodium carbonate step t o  remove d i b u t y l  
phosphate, and reduced aqueous waste. : . '. 
The process consisted o f  bubbl ing 
ammoni a gas through t h e  uranium-loaded 
organic phase ins tead o f - s t r i p p i n g  w i t h  
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FIGURE 4. S t r i pp ing  o f  Two Uranium-Loaded Organic Solut ions 
~i t h  Various Concentrations o f  'Sodi um Sulfate 

aqueous s u l f a t e  so lu t ion.  Uranium 
s t r i p p i n g  coe f f i c i en t s  were a f ac to r  of 
20 greater  than su l fa te  s t r ipp ing .  

\ 

Ammonia' s t r i pp ing .  e l  iminated approxi - 
mately 0.1 1 i t r e  o f  aqueous waste 'per 
gram o f  uran i  um processed, and i t  was ' , 

e f f e c t i v e  i n  removing d i b u t y l  phosphate. 
The resu l tan t '  urani  um oxide, contained' 
l ess  than one weight percent phosphorus ,, 
which was acceptable for 'subsequent 
processing. . The f i l  tr'at'ion r a t e  w i  11 
have' t o  be improved o r  cen t r i fuga t ion  , 

techniques w i l l  have t o  be used before 
the  process can be implemented f o r  
processing plutonium-uranium residues. 

Demonstrat ion'of Process 
. . 

The ex t rac t i on  faci.1 i ty, which' uses 
continuous, countercurrent  ex t rac t i on  

\ 

columns, was evaluated fo r  the p a r t i  t i on ,  
scrub, and s t r i p  operations, of the 
modif ied Purex process. Fl& ra tes  and 
srganic=to-aqueous rmi l t los were varied f o r  
the three operations t o  determine oper- 
a t i n g  condi t ions f o r  the column, 
S t i r r i n g  was maximized ( t o  the po in t  
, just below column, f looding) a t  each set  
o f  operat ing condit ions. 

During the column p a r t i  t i o n  runs, organic 
was passed countercurrent. t o  the  feed a t  
various f1,ow rates. S t i r r i n g  i n  mixing 
chambers var ied from 1,000 ,rpm i f  the 
f low ra tes were slow t o  1,200 if the f low 
ra tes were fast.  A f t e r  steady s ta te  con- 
d i  t i ons  were. achieved (greater .  than one 
t o t a l  co l  umn-vol ume change of. both phases) 
the e x i t  aqueous and organic streams were 
sampled. ,The sampling was repeated 15 
t o  30 minutes l a t e r  before the run was 
termi nated . 



TABLE 4 

RESULTS OF 'PARTITION RUNS USING 
YORK-SCHEIBEL COLUMN 

. . 
Feed: 13.4 g / l  Pu and 19.5 g / l  U i n  4.4MHN0, 

Operat ing Condi t ions Pu 'Product 
Feed F l  ow ' Rate U Pu . . U/Pu 

01 Aa ( l / h r )  (s/l> ,(9/1) (ppm>. 

a. O/A = Organi c-to-aqueous r a t i  o. 

A t  te rminat ion ,  the  amount of aqueous 
phase ent ra ined i n  t h e  organ ic  phase was 
measured. F i r s t ,  t h e  i n t e r f a c e  was 
pos i t i oned  a t  a re fc rcnce p o i n t  near t he  
bottom o f  t he  column. The f l o w  o f  bo th  
phases and the  s t i r r i n g  were then 
stopped. A f t e r  f i v e  minutes o f  s e t t l i n g ,  
t he  i n t e r f a c e  was lowered t o  the  
reference mark, and t h e  discharge aqueous 
volume measured. The aqueous ent ra ined 
i n  the  organ ic  (28 t o  30 ml) d i d  n o t  
change s i g n i f i c a n t l y  between runs. 

Resul t s  o f  vary ing  the  organi  c - to -  
.aqueous r a t i o  and f low r a t e s  dur ing  the  
p a r t i t i o n  runs are  shown i n  Table 4. For 
t he  des i red  <5,000 ppm uranium i n  the  
p l  u t o n i  um product,  a1 1 opera t ing  
cond i t ions  t r i e d  were acceptable. 

. . 

, 

+.. < 1. .. 
scrub experiments were conducted i n  a 
manner s i m i l a r  t o  the  p a r t i t i o n  runs 
e x c e p t , t h a t  loaded organ ic  was passed 
countercur ren t  t o  t he  0.35fi HN0,-O.1M 
Fe(SO,NH,),, scrub so lu t i on .  The r e s u l t s  , 
shown i n  Table 5, i n d i c a t e  a1 1 organ ic  
fl'ow r a t e s  t r i e  [organi c-to-aqueous 
(O/A) = 1 and 2 5 y i e l d e d  <5,000 ppm 
plutonium i n  the  scrubbed organic.  

Flow r a t e s  f o r  t he  s t r i p p i n g  opera t ion  
were va r ied  between 0.5 and 3 l i t r e s  p e r  
hour .where an O/A o f  u n i t y  was main- 
ta ined;  ' the r e s u l t s  i n  Table 6 i n d i c a t e  
e f f e c t i v e  s t r i p p i n g  (<0.1 g / l  u ran i  um) 
up t o  2.0 l i t r e s  pe r  hour o f  1M Na,SO,. 

I n  summary, i t  appears t h a t  York-Scheibel 
type columns are  an acceptable contac tor  



TABLE 5 

RESULTS OF SCRUB RUNS USING 
YORK-SCHEIBEL COLUMN 

S ta r t i ng  Organic: 19.2 g / l  U, 2.7 g / l  Pu, Pu/U = 140,000 ppm 

b Operating Condit ions Analysis o f  Orsani c Phase 
Organic Flow Rate ' P u Pu/U 

o / A ~ .  ( l / h r )  0 h?!!. 

a. O/A = Organic-to-aqueous. r a t i o .  
b. Analysis o f  organic phase p r i o r  t o  scrubbing. 

TABLE 6 

RESULTS OF STRIP RUNS USING 
YORK-SCHEIBEL COLUMN . 

S ta r t i ng  Organic: 14.1 g / l  U 
Organi c - t i -~queous  Rat io = 1 

Flow Rate 
( l / h r )  

Analysis o f  Organic Phase 
U 
0 



TABLE 7 

PROCESS DECONTAMINATION RESULTS 
MONTHLY AVERAGES 

Plutonium Product  rani um Product 
U/Pu Pu/U 

. . Mo.n t h (ppm) (ppm> 

March 19.74 
.. . A p r i l  1974 

May 1974 
June 1974 
J u l y  1974 

f o r  a so l  vent -ex t rac t ion  f a c i  1 i t y  using 
the  modi f ied  Purex process. Studies 
have shown t h a t  t he  t r a n s f e r  u n i t  
e f f i c i e n c y 7  was about 55 percent;  t he  
p a r t i  t i o n ,  scrub, and s t r i p  operat ions 
could be performed w i t h i n  the  opera t ing  
l i m i t s  o f  t h i s  s i z e  column; and t h a t  t he  
column design and opera t ion  a re  advan- 
ta ieous f o r  a remote-control  , continuous 
operat ion.  

Because o f  t he  l i m i t e d  amount o f  mixed 
a c t i n i d e  residues t o .  be processed, and 
because o f  t h e  invo lved opera t ing  
requirements o f  t he  York-Scheibel 
columns, the  .ll t r a n s f e r  u n i t  columns 
were n o t  used f o r  processing the  residues. 
The glove-box f a c i l i t y  was s t r i p p e d  of 
equipment except f o r  t h e  1 6 - l i t r e  glass 
tanks t h a t  were used as storage t3nk.s 
and a i  r-sparge batch contactors.  

t he  p lutonium and uranium products were 
a t  acceptable l e v e l s  (<5,000 ppm U and 
<5,000 ppm Pu, r e s p e c t i v e l y )  as shown i n  
Table 7. .The amount o f  uranium i n  the ,  
p l  u ton i  u'm product was dependent' on the  
number o f  organic contacts made dur ing  t h e  
p a r t i t i o n i n g  step; more contacts would 
decrease the  amount o f  uranium. S i m i l a r l y  
the  p lutonium content  i n  t h e  uranium 
product  could be reduced simply by more 
p lutonium scrubbing c o n t a c t s .  Unnecessary 
contacts, however, wou1,d decrease the  
e f f i c i e n c y  of t he  process. 

Ma te r ia l  balance s tud ies  o f  both the  
uranium and the  p lutonium appeared t o  
be good (>98 percent)  and were w i t h i n  
the  e r r o r  o f  a n a l y t i c a l  measurements. 
No s i g n i f i c a n t  losses o f  t he  organic 
were experi,enced. 

Processing ' o f  t he  r11 u ton i  um-urani um- SUMMARY 
residues was i n i t i a t e d  using a simple 
a i r -sparge batch contac tor  (F igure 1) Solvent ex t rac t i on ,  i o n  exchange, and 
and f o l l o w i n g  the  process flow sheet p r e c i p i t a t i o n  techniques were considered 
(F igure  2 ) .  Decontamination resu l  t s  of f o r  t he  separat ion of p lutonium and 
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