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SEPARATION SCIENCE AND TECHNOLOGY,22(2&3),pp. 335345,1387 

Secondary Cleanup of Idaho Chemical Processing Plant Solvent 

J .  C. MAILEN 

CHEMICAL TECHNOLOGY DIVISION 
OAK RIDGE NATlONAL LABORATORY 
OAK RIDGE, TENNESSEE 37831 

ABSTRACT 

So lven t  from t h e  Idaho  Chemical P rocess ing  P l a n t  (ICPP) 
(ope ra t ed  by Westinghouse Idaho Nuclear Company, Inc.)  
h a s  been t e s t e d  t o  de te rmine  t h e  a b i l i t y  of a c t i v a t e d  
a lumina  t o  remove secondary degrada t ion  p roduc t s  - t h o s e  
deg rada t ion  p roduc t s  which a r e  n o t  removed by sc rubb ing  
w i t h  sodium carbonate .  

INTRODUCTION 

A l l  e x i s t i n g  r e a c t o r  f u e l  r e p r o c e s s i n g  p l a n t s  u s e  t h e  Purex 
s o l v e n t  e x t r a c t i o n  p rocess  f o r  r ecove ry  of t h e  f i s s i o n a b l e  m a t e r i a l s  
from spen t  f u e l  e lements .  The head-end o f  t h e  Purex p rocess  i n v o l v e s  
d i s s o l u t i o n  of t h e  ox ide  f u e l  i n  n i t r i c  a c i d  t o  y i e l d  a s o l u t i o n  con- 
t a i n i n g  -200 g of heavy metals p e r  l i t e r ,  i n  3 t o  4 M H N 0 3 .  
s o l u t i o n  i s  then  con tac t ed  w i t h  a 10 t o  30 v o l  % s o l u t i o n  of t r i -n -  
bu ty lphospha te  (TBP) i n  a normal p a r a f f i n i c  hydrocarbon (NPH) d i l u e n t .  
The uranium and p lu tonium are p r e f e r e n t i a l l y  e x t r a c t e d  i n t o  t h e  o r g a n i c  
phase ,  l e a v i n g  t h e  bulk  o f  t h e  f i s s i o n  p roduc t s  i n  t h e  aqueous r a f f i -  
n a t e .  The e x t r a c t  i s  then  scrubbed w i t h  n i t r i c  a c i d  t o  i n c r e a s e  t h e  
s e p a r a t i o n  from f i s s i o n  p roduc t s ,  and t h e  heavy metals are s t r i p p e d  
from t h e  s o l v e n t ,  

This 

The TRP-NPH used i n  t h e s e  p rocesses  i s  degraded by r a d i a t i o n  
damage and by h y d r o l y t i c  and d e a l k y l a t i o n  r e a c t i o n s  w i t h  t h e  n i t r i c  
ac id .  A v a r i e t y  of methods have been proposed t o  minimize t h e  c leanup 
problems encountered  when t h e  deg rada t ion  p roduc t s  accumulate i n  t h e  
used Purex p rocess  s o l v e n t ,  In an  e a r l i e r  s t u d y ,  we found t h a t  scrub- 
b i n g  w i t h  sodium ca rbona te  s o l u t i o n s  ( t h e  c u r r e n t  p r a c t i c e  i n  Purex 
p l a n t s )  was t h e  p r e f e r r e d  primary s o l v e n t  c leanup t r e a t m e n t ,  u n l e s s  
sodium i n  t h e  e f f l u e n t  must b e  r e s t r i c t e d  ( I ) .  
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3 3 6  MAILEN 

The secondary  degradation produc t s  ( i . e . ,  t hose  remain ing  a f t e r  
t h e  pr imary  c leanup)  can  cause  problems w i t h  phase s e p a r a t i o n  and 
r e t e n t i o n  of c a t i o n s .  S ince  t h e  i d e n t i t i e s  and chemical p r o p e r t i e s  
o f  t h e  impor t an t  contaminants  are unknown, secondary c leanup s t u d i e s  
must be conducted u s i n g  a c t u a l  r e c y c l e  s o l v e n t .  We have p rev ious ly  
s t u d i e d  secondary  c l eanup  of Savannah R ive r  P l a n t  (SRP) s o l v e n t  ( 2 )  
and r e p o r t  h e r e  o u r  l a t e s t  s t u d i e s ,  which involved  secondary c leanup 
o f  Idaho Chemical P rocess ing  P l a n t  s o l v e n t ,  

EXPERIMENTAL METHOD 

The s o l v e n t  ( -1OX TRP-NPH) r ece ived  from ICPP was f i r s t  t r e a t e d  
w i t h  0.2 volume of 0.2 M NapCO3 [ to  remove any d i b u t y l  phosphate (DBP) 
o r  monobutyl phosphate  (MBP) formed dur ing  s t o r a g 4 ,  f i l t e r e d  through 
840 Whatman paper  f i l t e r s ,  a c i d i f i e d  by c o n t a c t  w i t h  0.04 2 HN03, and 
d r i e d  by passage  of one volume of d ry  a i r  per  min a t  60°C f o r  s e v e r a l  
hours .  The s o l v e n t  w a s  t hen  passed ,  a t  a rate of e i t h e r  1 ml/min 
(3.5 mL/cm2*min) o r  2 mL/min (7 .1  mL/cm2-min), th rough a small bed con- 
t a i n i n g  a c t i v a t e d  alumina (Alcoa F-1, 60-120 mesh). The i n i t i a l  p l a n s  
were t o  use  -1.3 g of  a c t i v a t e d  alumina i n  a bed, as was used i n  ear -  
l i e r  s t u d i e s  of SRP s o l v e n t  ( 2 ) .  However, t h e  s m a l l  deg ree  of degra- 
d a t i o n  o f  t h e  ICPP s o l v e n t  l e d  t o  l a r g e  t r e a t a b l e  s o l v e n t  volumes, and 
t h e  bed s i z e  was dec reased  t o  0.5 g t o  a l l o w  de te rmina t ion  of approxi- 
mate bed c a p a c i t i e s  f o r  t h e  a v a i l a b l e  s o l v e n t .  The alumina bed (-0.6 
cm3, w i t h  a length- to-d iameter  r a t i o  of 3 . 3 )  w a s  con ta ined  i n  an  
8-m-OD, 6-mm-ID g l a s s  t ube  w i t h  a j ack - l eg  (See Fig. 1) and was 
immersed i n  a beaker  of  water hea ted  t o  -45OC f o r  t empera tu re  c o n t r o l .  

samples and s u b j e c t e d  t o  q u a l i t y  checks.  The primary measurements t o  
de te rmine  column e f f e c t i v e n e s s  were of t h e  i n t e r f a c i a l  t e n s i o n  a g a i n s t ,  
and t h e  phase-separa t ion  t i m e  o f  t h e  s o l v e n t  from, 0.2 M Na2C03. The 
ruthenium c o n t e n t  o f  t h e  s o l v e n t  w a s  n o t  s u f f i c i e n t  t o  a l l o w  determin- 
a t i o n  of ruthenium removal by t h e  column. Anionic s u r f a c t a n t  concen- 
t r a t i o n s  w e r e  t o o  low t o  be  de te rmined  by t h e  methylene b l u e  method ( 3 ) .  
The c o n c e n t r a t i o n s  o f  a c i d i c  i m p u r i t i e s  were t o o  sma l l  t o  be  determined 
hy t h e  c o n d u c t i v i t y  method, and plutonium r e t e n t i o n  gave ambiguous r e s u l t s  

The s o l v e n t  l e a v i n g  t h e  t r ea tmen t  bed was c o l l e c t e d  i n  10- o r  20mL 

Standard Qua l i ty  T e s t s  

The fo l lowing  q u a l i t y  tests were done on t h e  e f f l u e n t  s o l v e n t  
from t h e  column t e s t s .  

Phase-separa t ion  time. The phase-separa t ion  time was determined 
by p l a c i n g  2 mL of t h e  o r g a n i c  s o l v e n t  and 2 mL of 0.2 M Na2C03 i n  a 
g l a s s  v i a l  o f  -1.2-cm diam and mixing by slow i n v e r s i o n  s e v e r a l  t i m e s .  
The s e p a r a t i o n  time was t aken  t o  be  t h e  time f o r  t h e  emulsion t o  
c o l l a p s e  t o  one  l a y e r  o f  d rops  a t  t h e  i n t e r f a c e .  A l l  t h e s e  d e t e r -  
mina t ions  were done by one i n d i v i d u a l  f o r  maximum cons i s t ency  in 
r e s u l t s .  Even s o ,  t h i s  must be  cons idered  a n  i n e x a c t  method. It is  
a necessa ry  measurement, however, s i n c e  phase s e p a r a t i o n  from sodium 
ca rbona te  s o l u t i o n s  i s  a problem a r e a  w i t h  degraded s o l v e n t .  

I n t e r f a c i a l  t ens ion .  The o r g a n i c  s o l v e n t  sample t o  be  t e s t e d  was 
f i r s t  e q u i l i b r a t e d  w i t h  t h e  sodium ca rbona te  s o l u t i o n .  A s m a l l  quan- 
t i t y  o f  t h e  s e p a r a t e d  aqueous phase  w a s  drawn i n t o  a 0 . 2 m L  micrometer 
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) 2 0 - c m  HEAD 

0.5 g 250-125 p~m 

ORNL DWC 84-677R3 

Fig. 1. Typica l  column f o r  secondary 
c l eanup  tes ts  f o r  ICPP s o l v e n t  

s y r i n g e  (Gilmont Ins t rumen t s ,  Inc . ,  Great Neck, NY) equipped w i t h  a 
0.0635-cnrOD f la t -ended,  s ta in less  s tee l  needle .  The s y r i n g e  w a s  t hen  
mounted w i t h  t h e  need le  t i p  below t h e  s u r f a c e  of  t h e  e q u i l i b r a t e d  
o r g a n i c  phase. Drops of  aqueous s o l v e n t  were s lowly dispensed,  and 
t h e  volume read ing  of  t h e  micrometer d i a l  was recorded as each drop 
f e l l .  The i n t e r f a c i a l  t e n s i o n  was c a l c u l a t e d  f o r  each  d rop  (Attach- 
ment A) and t h e  average determined f o r  s e v e r a l  d rops  ( 4 ) .  

Plutonium r e t e n t i o n .  The o r g a n i c  samples were con tac t ed  wi th  a 
plutonium s t anda rd  t h a t  contained 37.5 g Pu/L i n  -2  M FINO3. 
o r g a n i c  phase was shaken f o r  10 min t h r e e  t i m e s  with-equal volumes of 
water and allowed t o  s t a n d  overnight  a f t e r  t h e  l as t  c o n t a c t .  The 
plutonium r e t e n t i o n  is t h e  gross a lpha  count on t h e  f i n a l  o r g a n i c  
phase.  

The 

PROCEDURES AND RESULTS 

SRP So lven t  S t u d i e s  

The p rev ious ly  s t u d i e d  SRP s o l v e n t  was t r e a t e d  w i t h  base  as t h e  
l a s t  s o l v e n t  c leanup s t e p ,  as c o n t r a s t e d  w i t h  t h i s  s tudy’ s  ICPP proce- 
d u r e ,  which uses  a f i n a l  s c r u b  wi th  d i l u t e  ac id .  It w a s  suspec ted  t h a t  
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338 MAILEN 

t h e  a c i d  o r  base  might  react w i t h  materials removed by a c t i v a t e d  a lu -  
mina and could  a f f e c t  performance r e s u l t s  f o r  t h e  s o r b e n t  bed. As a 
p re l imina ry  t e s t ,  we a c i d i f i e d  SRP s o l v e n t ,  d r i e d  i t  by passage  o f  d r y  
a i r  a t  60"C, and t r e a t e d  i t  by passage  through 1.3 g of a c t i v a t e d  a l u -  
mina a t  a ra te  of 1 mlfmin. The degree  o f  improvement i n  s o l v e n t  
q u a l i t y  and t h e  column volumes of s o l v e n t  t r e a t a b l e  by t h i s  method 
were e s s e n t i a l l y  i d e n t i c a l  t o  o u r  r e s u l t s  when t h e  s o l v e n t  was t r e a t e d  
w i t h  base.  This demonst ra tes  t h a t  t h e  chemica l  form of t h e  secondary  
degrada t ion  p roduc t s  t h a t  are removed by t r ea tmen t  w i t h  a c t i v a t e d  a lu-  
mina e i t h e r  i s  u n a f f e c t e d  by base  o r  a c i d  t r ea tmen t  o r  t h a t ,  i n  each  
c a s e ,  any d i f f e r i n g  forms a r e  e q u a l l y  w e l l  removed. 

Determina t ion  o f  Ac id ic  I m p u r i t i e s  

German workers  r e c e n t l y  r e p o r t e d ( 5 )  t h a t  t h e  l e v e l s  of a c i d i c  
i m p u r i t i e s  cou ld  b e  de te rmined  by conve r t ing  t h e s e  i m p u r i t i e s  t o  t h e i r  
sodium sal ts  and de te rmin ing  t h e  c o n d u c t i v i t y  of t h e  s o l v e n t  a f t e r  
d i l u t i n g  50% w i t h  a b s o l u t e  a l coho l .  They de termined  t h a t  v a r i o u s  
types  of  i m p u r i t i e s  can  be  c l a s s i f i e d  by c o n t a c t i n g  t h e  s o l v e n t  w i t h  
s c r u b  s o l u t i o n s  of  v a r i o u s  b a s i c i t y .  The long-chain a c i d s  are con- 
v e r t e d  t o  t h e i r  sodium s a l t s  by t r ea tmen t  w i th  0.5 fl. NaHC03; t h e  long- 
c h a i n  organophosphor ic  a c i d s  are conver ted  t o  t h e i r  sodium s a l t s  by 

Table  1. S p e c i f i c  conductance o f  a c i d i c  i m p u r i t i e s  
i n  I C P P  s o l v e n t  t e s t s  

Conductance o f  model a c i d i c  i m p u r i t i e s a  

Test s o l u t i o n  Laur i c  Ruty l  l a u r y l  
c o n c e n t r a t i o n  a c i d  phosphate 2,4-Pentanedione 

(M) (mho 1 b h o )  (mho) 

0 
0 

1 .22  x 10-6 
1.16 x 10% 

10-5 1.39 x 10% 1.43 x lo6 1.33 x 
10-5 1.35 10-5 1.43 x lod6 

10-4 1.39 x lo6 1.56 x 1.47 x lod6 
10-4 1.53 x lod6 

5 x 10-4 1.92 x 10% 1.82 x loa 1.75 x 
5 x 10-4 2.22 x 1 0 6  

1 x 10-3 3.45 x 10-6 4.0 x lo6 3.03 x 
1 x 10-3 3.57 x 1 0 6  3.1 x 

~~~ 

aConductance of s t a n d a r d  TBP d i l u t e d  50% w i t h  e t h a n o l  was 
9.43 x mho. Conductance of a b s o l u t e  e t h a n o l  used i n  making 
test s o l u t i o n s  was 7.4 x lo-' mho. 
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IDAHO CHEMICAL PROCESSING PLANT SOLVENT 339 

t r ea tmen t  w i t h  0.25 M N a 2 C 0 3 ;  and t h e  B-diketones a r e  converted t o  
sodium e n o l a t e s  by t r ea tmen t  w i t h  0.5 M N a O H .  We have confirmed t h i s  
r e p o r t  by measuring t h e  conduc t iv i ty  of  s o l u t i o n s  of t h e  sodium sa l t s  
formed from l a u r i c  a c i d ,  b u t y l l a u r y l  phosphate,  and 2,4-pentanedione 
i n  30% TRP-NPH d i l u t e d  50% w i t h  a b s o l u t e  a l coho l .  It was found neces- 
s a r y  t o  use  t h e  50-50 d i l u t i o n  t o  make up s t anda rd  s o l u t i o n s  t h a t  
remain s t a b l e  i n  t h e  concen t r a t ion  range of t o  M. The 
sodium s a l t  of  l a u r i c  a c i d  w a s  a v a i l a b l e  commercially,  a n z  t h i s  was 
d i s s o l v e d  d i r e c t l y  i n  t h e  50-50 s o l v e n t / a l c o h o l  s o l u t i o n  t o  o b t a i n  a 
loW3 g s t anda rd ;  t h e  o t h e r  concen t r a t ions  of l a u r i c  a c i d  t e s t e d  were 
made by d i l u t i o n  of  t h i s  s tandard.  The b u t y l l a u r y l  phosphate and t h e  
2 ,  4-pentanedione were d i s so lved  i n  30% TBP-NPH, scrubbed w i t h  0.1 
volume of 50% NaOH t o  form t h e  sodium sa l t s ,  and immediately d i l u t e d  
w i t h  e thano l .  
c o n d u c t i v i t y  br idge.  R e s u l t s  are g iven  i n  Table 1 .  

The c o n d u c t i v i t i e s  were determined u s i n g  a YSI Model 31 

The d a t a  i n d i c a t e  similar c o n d u c t i v i t i e s  o f  t h e  sodium sa l t s  of 
any of  t h e  model compounds. 
y i e l d  t h e  l i n e a r  l e a s t  squa res  equat ion:  

Therefore ,  a l l  t h e  d a t a  were f i t t e d  t o  

C = (1.2559 C 0.086) x + [(2.042 * 0.16) x 10-3][M] , ( 1 )  

where C i s  t h e  s p e c i f i c  c o n d u c t i v i t y  and [MI i s  t h e  molar concentra- 
t i o n  of  t h e  sodium s a l t  of  t h e  impuri ty .  The s t anda rd  e r r o r  of  t h e  
r e g r e s s i o n  f i t  i s  2.82 x 
c o n c e n t r a t i o n s  w i t h i n  about  2 lo4 M. 
of  t h e  ICPP s o l v e n t  gave conductances lower than  t h e  u n c e r t a i n t y  of 
t h e  method, bu t  t h e  method might be u s e f u l  f o r  s o l v e n t  w i th  h ighe r  
l e v e l s  of deg rada t ion  products .  

Cleanup of  I C P P  Solvent  a t  45'C 

which i n d i c a t e s  a n  a b i l i t y  t o  determine 
The low degree of deg rada t ion  

Dried I C P P  s o l v e n t  was passed through 0.504 g of d r y  a c t i v a t e d  
alumina a t  a f low rate of  1 ml/min. 
t i m e s  and i n t e r f a c i a l  t e n s i o n s  of e f f l u e n t  samples are shown i n  Fig.  
2. The i n t e r f a c i a l  t e n s i o n  and phase-separat ion t i m e  for u n t r e a t e d  
s o l v e n t  v s  0.2 5 Na2C03 w e r e  7 . 2  dyn/cm and 30 t o  35 s ,  r e s p e c t i v e l y .  
The i n t e r f a c i a l  t e n s i o n  was g r e a t l y  inc reased  ( t o  -23 dyn/cm), and 
t h e  phase-separation t i m e  w a s  decreased t o  -15 t o  20 s by passage 
through t h e  a c t i v a t e d  alumina bed. 
observed by our  method w a s  -15 S. 
dec rease  and t h e  phase-separat ion t i m e  t o  i n c r e a s e  a f t e r  -800 mL 
(1300 column-volumes) of s o l v e n t  had been t r e a t e d .  It appeared t h a t  
t h e  column had been completely loaded by -1200 mL (1960 column- 
volumes) of t h e  s o l v e n t .  A f t e r  -1350 mL of so lven t  had been t r e a t e d ,  
t h e  test w a s  s topped ove rn igh t  and r e s t a r t e d  t h e  nex t  day. The 
q u a l i t y  of t h e  subsequent ly  t r e a t e d  so lven t  w a s  t hen  seen t o  improve, 
a phenomenon also no ted  i n  o t h e r  tests and d i scussed  later.  Th i s  may 
h e  t h e  r e s u l t  of a slow r e a c t i o n  between t h e  adsorbed m a t e r i a l  and 
t h e  alumina bed, o r  i t  may r e s u l t  from channel ing i n  t h e  sma l l  adsorp- 
t i o n  bed. This p e c u l i a r  hehavior  makes i t  d i f f i c u l t  t o  d e f i n e  t h e  
column capac i ty .  In t h e s e  s t u d i e s ,  t h e  column capac i ty  w i l l  be 
de f ined  as t h e  volume t r e a t e d  a t  t h e  middle of  t h e  f i r s t  i n c r e a s e  i n  
t h e  phase-separat ion t ime (-1100 mL o r  1800 column-volumes), r e a l i z -  
i n g  t h a t  s o l v e n t  pas s ing  through t h e  column a f t e r  t h a t  t i m e  w a s  s i g -  

Data on t h e  phase-separat ion 

The lowest  phase-separat ion t i m e  
The i n t e r f a c i a l  t e n s i o n  began t o  
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O R N L  DWG 85-367R 

SOLVENT TREATED ( m L )  

Fig .  2. R e s u l t s  f o r  ICPP s o l v e n t  t r e a t e d  by passage  through 
0.504 R of a c t i v a t e d  alumina a t  45°C w i t h  a flow r a t e  of 1 ml/min. 

n i f i c a n t l y  improved i n  q u a l i t y .  
minimum i n t e r f a c i a l  t e n s i o n  i n d i c a t e s  t h a t  t h e  a c t u a l  c a p a c i t y  of t h e  
column i s  probably  n e a r e r  t o  1500 mL (2400  column-volumes). Addi- 
t i o n a l  l o a d i n g  of t h e  columns w a s  n o t  a t tempted  because  of t h e  
l i m i t e d  volumes of ICPP s o l v e n t  a v a i l a b l e .  

The shape  of t h e  cu rve  a f t e r  t h e  

The phase-separa t ion  t i m e  of  t r e a t e d  s o l v e n t  was observed t o  
exceed t h a t  o f  u n t r e a t e d  s o l v e n t  near t h e  end of t h i s  and o t h e r  
tests. 
a d s o r p t i o n  of m u l t i p l e  i m p u r i t i e s  from a s t r eam ( 6 ) .  

Th i s  i s  a phenomenon c a l l e d  " r o l l o v e r "  which can  occur  d u r i n g  

F i g u r e  3 shows t h e  c o r r e l a t i o n  of i n t e r f a c i a l  t e n s i o n  w i t h  t h e  
phase-separa t ion  t i m e  ( b o t h  v s  0.2 M NaZC03) f o r  t h e  e f f l u e n t  
( t r e a t e d )  s o l v e n t .  The phase-separa t ion  t i m e  can  be  p r e d i c t e d  from 
t h e  i n t e r f a c i a l  t e n s i o n  by t h e  fo l lowing  leas t - squares-de termined  
1 i n e a r  equa t ion :  

PST = ( - 7 . 9 5 ) ( I T )  + 197, ( 2 )  

where I T  i s  t h e  i n t e r f a c i a l  t e n s i o n  ( i n  dyn/cm) and PST i s  t h e  phase- 
s e p a r a t i o n  t i m e  i n  seconds.  Thus,  e i t h e r  of t h e s e  measurements can  
he  used t o  d e f i n e  t h e  q u a l i t y  o f  t r e a t e d  s o l v e n t  by t h i s  method. The 
i n t e r f a c i a l  t e n s i o n  d a t a  are probably  more p r e c i s e  than  t h o s e  f o r  
phase-separa t ion  t i m e ,  bu t  i t  t a k e s  s l i g h t l y  longe r  t o  make t h e  ten-  
s i o n  measurements. Note, however, t h a t  t h e  c h a r a c t e r i s t i c s  of t h e  
u n t r e a t e d  s o l v e n t  do n o t  a g r e e  w i t h  t h e  c o r r e l a t i o n  o f  E q .  ( 2 )  f o r  
t r e a t e d  ICPP s o l v e n t .  

Steam-Stripping 

The column c o n t a i n i n g  t h e  a c t i v a t e d  alumina s o r b e n t  bed w a s  
d ra ined  and s team-s t r ipped  a f t e r  t r ea tmen t  of t h e  ICPP s o l v e n t .  For 
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Fig. 3. C o r r e l a t i o n  of phase  s e p a r a t i o n  t i m e  
w i t h  i n t e r f a c i a l  t e n s i o n .  

t h i s  procedure ,  t h e  column t i p  was i n s e r t e d  i n t o  one h o l e  of a two- 
h o l e  rubber  s t o p p e r  f o r  a b o i l i n g  f l a s k .  A t ube  i n s e r t e d  i n t o  t h e  
o t h e r  h o l e  of t h e  s t o p p e r  w a s  a t t a c h e d  t o  a rubber  hose t h a t  w a s  t h e n  
submerged i n  wa te r ;  t h i s  a c t e d  a s  a ven t  t o  prevent  p r e s s u r e  bu i ldup  
and expu l s ion  of t h e  packed bed from t h e  column. The steam pass ing  
through t h e  column p a r t i a l l y  condensed i n  t h e  packed bed, t hen  p e r -  
c o l a t e d  t o  t h e  t o p ,  where i t  was removed by suc t ion .  Thus, t h e  steam- 
s t r i p p i n g  was accompanied by some upward f l u s h i n g  of  t h e  bed w i t h  h o t  
water .  This  f l u s h i n g  was observed  t o  remove much of t h e  o i l y  mate- 
r i a l  from t h e  a c t i v a t e d  alumina. Nearly 2.5 mL of condensa te  was 
c o l l e c t e d  from t h e  t o p  o f  t h e  bed d u r i n g  t h e  2.5-h s team t r ea tmen t .  
The bed w a s  subsequen t ly  d r i e d  a t  90°C and was then  e a s i l y  removed 
f rom t h e  column. The c o l o r  o f  t h e  bed changed from deep brownish- 
ye l low t o  p a l e  t a n  e a r l y  i n  t h e  s team t r ea tmen t  p rocess .  

Keloading of Steam-Stripped Column 

The s team-s t r ipped  column and s o r b e n t  bed were then  d r i e d  a t  
325°C and used  t o  t reat  a d d i t i o n a l  s o l v e n t .  R e s u l t s  o f  t h e  expe r i -  
ments (F ig .  4 )  i n d i c a t e  a column c a p a c i t y  o f  -600 mL (980 column- 
volumes),  which i s  about  h a l f  of t h e  c a p a c i t y  o f  t h e  f r e s h  a c t i v a t e d  
alrnnina. Th i s  r e s u l t ,  w i t h  t h e  c rude  r e g e n e r a t i o n  method used ,  makes 
i t  l i k e l y  t h a t  a more e f f i c i e n t  s t eam-s t r ipp ing  and/or  hot-water-wash 
method could  g i v e  n e a r l y  complete r egene ra t ion .  
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Fig. 4. R e s u l t s  f o r  I C P P  s o l v e n t  t r e a t e d  
by passage  through r egene ra t ed  alumina bed 

a t  45'C w i t h  a f low r a t e  of  1 ml/min. 

E f f e c t  of Bed Res idence  T i m e  

Dr ied  I C P P  s o l v e n t  was passed  through 0.500 g of dry  a c t i v a t e d  
alumina a t  a f low rate  of 2 mL/min ( tw ice  t h e  p rev ious  f low r a t e )  t o  
examine t h e  i n f l u e n c e  of  bed r e s i d e n c e  t i m e  on t h e  e f f e c t i v e n e s s  of 
s o l v e n t  c leanup.  The improvements i n  i n t e r f a c i a l  t e n s i o n  and phase- 
s e p a r a t i o n  t i m e  were s i g n i f i c a n t l y  poore r  t h a n  improvements ob ta ined  
w i t h  t h e  1 mL/min f low r a t e  (F ig .  5 ) .  The volume of s o l v e n t  pro- 
ces sed  be fo re  t h e  f i r s t  i n c r e a s e  i n  phase-separa t ion  t ime w a s  approx- 
ima te ly  t h e  same as w i t h  t h e  lower f l o w  rate.  lbwever,  ou r  column 
was small, w i t h  a s h o r t  r e s i d e n c e  t i m e ,  and any column used i n  a proc- 
e s s  o p e r a t i o n  would l i k e l y  have a s o l v e n t  r e s i d e n c e  time s i g n i f i -  
c a n t l y  longe r  than  any We have examined. 

E f f e c t  of I n c r e a s i n g  TBP Content 

F o r  a s i n g l e  t e s t ,  t h e  TBP con ten t  o f  t h e  s o l v e n t  w a s  i n c r e a s e d  
t o  30 v o l  %, fo l lowed by d r y i n g  of t h e  s o l v e n t .  The q u a n t i t y  of 
s o l v e n t  a v a i l a b l e  a t  t h a t  t i m e  was too small t o  a l l o w  t h e  u s e  o f  even  
t h e  0.5-g beds used  i n  t h e  o t h e r  t e s t s .  For t h i s  t e s t  o n l y ,  t h e  bed 
weight  w a s  dec reased  t o  0.25 g ,  and t h e  f low rate w a s  dec reased  t o  
0.5 mL/min t o  ma in ta in  t h e  same bed r e s i d e n c e  t ime. The u n t r e a t e d  
s o l v e n t  f e d  t o  t h e  column had a phase-separa t ion  t i m e  and i n t e r f a c i a l  
t e n s i o n  v s  0.2 M NazC03 of 25 s and 8.1 dyn/cm, r e s p e c t i v e l y .  The 
results o f  t h e  t e s t  a r e  shown i n  Fig. 6 .  The i n c r e a s e  i n  phase- 
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F i g ,  5. R e s u l t s  fo r  ICPP s o l v e n t  p a s s e d  t h r o u g h  0.500 g a c t i v a t e d  
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Fig .  6. R e s u l t s  f o r  ICPP s o l v e n t  w i t h  TBP i n c r e a s e d  t o  30 v o l % ,  

a flow r a t e  of  0.5 d / m i n .  
p a s s e d  t h r o u g h  0.5 g a c t i v a t e d  a lumina  bed a t  45OC w i t h  
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s e p a r a t i o n  t ime occurred  a t  -470 mL (1550 column-volumes), i n  good 
agreement w i t h  t h e  1100 mL (1800 column-volumes) found w i t h  t h e  lower 
TBP con ten t .  Thus, i t  appea r s  t h a t  t h e  TBP con ten t  does n o t  have a 
s i g n i f i c a n t  e f f e c t  on t h e  volume of s o l v e n t  t h a t  can be t r e a t e d  w i t h  
a c t i v a t e d  alumina. 

Plutonium Re ten t ion  

The plutonium r e t e n t i o n  t e s t s  gave unreproducib le  r e s u l t s ,  p ro& 
a b l y  due t o  t h e  fo rma t ion  of plutonium polymer. Earlier s t u d i e s ,  
u s i n g  SRP s o l v e n t ,  i n d i c a t e d  90% of t h e  m a t e r i a l s  t h a t  complex plu- 
tonium were removed by passage  through t h e  a c t i v a t e d  alumina column, 
and t h e  f r a c t i o n  removed d i d  n o t  d e c l i n e  s i g n i f i c a n t l y  du r ing  t h e  
t i m e  p receding  t h e  break  i n  phase-separa t ion  t i m e .  

CONCLUSIONS 

The i n t e r f a c i a l  t e n s i o n  and phase-separa t ion  t i m e  of ICPP s o l -  
v e n t  v s  sodium ca rbona te  s o l u t i o n s  can  be g r e a t l y  improved by pass ing  
d r i e d  s o l v e n t  through a bed of a c t i v a t e d  alumina. The number of bed 
volumes o f  s o l v e n t  t h a t  can  b e  t r e a t e d  w i t h  a g iven  column w a s  much 
g r e a t e r  t han  t h e  number f o r  SRP s o l v e n t  g iven  s imi la r  t r ea tmen t  (2). 
T h i s  r e s u l t s  from t h e  dec reased  degrada t ion  of t h e  ICPP s o l v e n t .  
S team-s t r ipp ing  can be  used  t o  remove most of t h e  o r g a n i c  materials 
from t h e  used s o r p t i o n  bed, r e s u l t i n g  i n  a f ree- f lowing  bed t h a t  can  
be  e a s i l y  handled and t h a t  h a s  a t  least  50% of t h e  o r i g i n a l  bed ca- 
p a c i t y  regenera ted .  The c o n d u c t i v i t y  method f o r  de te rmining  t h e  
concen t r a t ion  of a c i d i c  i m p u r i t i e s  i n  r e a c t o r  f u e l  r e p r o c e s s i n g  
p l a n t  s o l v e n t  ( 5 )  could  n o t  be  used  w i t h  t h e  ICPP s o l v e n t ,  because  
o f  t h e  low l e v e l s  o f  i m p u r i t i e s  p r e s e n t .  

REFERENCES 

1. 

2. 

3.  

4. 

5. 

6 .  

Mailen, J. C . ,  and 0. K. T a l l e n t ,  Assessment of SoZvent Cleanup 
Methods Using a Mixer-Settler Slystem, ORNL/TM-9118, 1984. 

Mailen, J. C . ,  and 0.  K. T a l l e n t ,  CZeanup of Savannah River 
SoZvent Using Solid Sorbents, ORNLITM-9256, 1985. 

Neace, J. C., All ied-Genera l  Nuclear S e r v i c e s ,  p r i v a t e  
communication t o  J. C .  Mailen,  ORNL, 1980. 

Harkins ,  W. D., and F. E. Brown, J .  Am. Chem. Soc. 4 1 ,  499 
(1919). 

S t i e g l i t z ,  L. ,  and R. Becker,  ”Chemical and R a d i o l y t i c a l  
Degrada t ion  i n  t h e  Purex  P rocess , ”  paper  p re sen ted  a t  t h e  ANS 
I n t e r n a t i o n a l  Top ica l  Meeting, F u e l  Reprocess ing  and Waste 
Management, August 26-29, 1984, Jackson ,  Wyoming. 

P e r r i c h ,  J. R.,  Activated Carbon AdsoTt ion  for  Wastewater 
Treatment, CRC P r e s s ,  Inc . ,  Boca Raton ,  F l o r i d a ,  1981, p. 54. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
1
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



IDAHO CHEMICAL PROCESSING PLANT SOLVENT 34 5 

ATTACHMENT A. BASIC PROGRAM FOR CALCULATING INTERFACIAL 
TENSIONS FROM DROP SIZES 

10  CLS:IF IT<>O THEN PRINT "IT = ";IT 
20 PRINT:PRINT:V=O:N=O 
30 INPUT "WHAT IS THE SYSTEM TESTED";I$ 
40 LPRINT I$:LPRINT:PRINT 
50  INPUT "WHAT IS DROP VOLUME (HIT ENTER IF THERE ARE NO FURTHER DROPS) 

60 LPRINT V N  
70  IF VN=O THEN 100 

9 0  GOTO 50 

'' ; VN 

8 0 N-N+ 1 : V=V+VN 

100 INPUT "WHAT I S  THE DENSITY OF THE ORGANIC PHASE (HIT ENTER IF NO 

102 IF DO = 0 THEN DO = D1 
104 D1 = DO 
110 Vl=V/N/(.0635) 3 
120 IF V 1 < = 1 . 5  GOTO 160 
130 Vl=LOG(Vl) 
140 F=.2754-.0157*V1-.0002357*VlAZ 
150 GOTO 180 
160 Vl=LOG(Vl) 
1 70 F-. 2 6056+. 0 2 1 385*V 1 -. 0 2 26 7*V 1 .. 2 
180 INPUT "WHAT I S  THE AQUEOUS DENSITY (HIT ENTER IF NO CHANGE)";DA 

184 D2 = DA 
190 IT=V/N*(DA-DO)*980.7*F/.0635 
200 PRINT "IT= ";IT 
210 LPRINT "THE AQ DENSITY IS ";DA; ". THE ORIG DENSITY IS ";DO;"." 
220 LPR1NT:LPRINT "THE INTERFACIAL TENSION IS "; IT 
230 LPRINT "_______________________________________-_--- 
240 GOTO 10 
250 END 

T h i s  program s o l v e s  t h e  f o l l o w i n g  equa t ions :  

CHANGE) "; DO 

182 IF DA = o THEN DA = ~2 

'' : LPRINT: LPRINT 

Y = Wg(d2  d l ) / r  

where: 
y = i n t e r f a c i a l  t e n s i o n ,  N / m  (dyn/cm), 
V = d r o p  volume, c m 3 ,  

dp = d e n s i t y  of heavy phase ,  g/cm3, 
d l  = d e n s i t y  o f  l i g h t  phase ,  g/cm3, 

g = a c c e l e r a t i o n  due t o  g r a v i t y  = 980.7 cm/s2, 
r = r a d i u s  of  n e e d l e  t i p ,  0.0635 c m  i n  t h i s  case, and 
F - c o r r e c t i o n  f a c t o r  where: 
F = 0.26056 + O.O21385[1n(V)] - 0.O2267[ln(V)l2,  for (V/r3 < 1.5); 
F = 0.2754 - 0.0157[1n(V)] - 0.0002357[ ln(V)]2 ,  f o r  (V/ r3  > 1.5). 
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