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K. G. Varshney, Sanjay Agrawal, Kanak Varshney, 
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Aligarh 202001, India 

ABSTRACT 

A simple c a t i o n  exchange method has been 
developed f o r  t he  q u a n t i t a t i v e  s e p a r a t i o n  of uranium 
from some meta l  i o n s  which g e n e r a l l y  i n t e r f e r e  i n  i t s  
spec t rophot  ome t r i c  d e t e n n i n a t i o n  us ing  sod ium d i e t h y l  
d i th iocarbamate  a s  a r eagen t .  The method r e q u i r e s  
only a s i n g l e  bed ope ra t ion  and enab le s  a s a t i s f a c -  
t o r y  ( E r r o r  - + 5%) s e p a r a t i o n  of uranium [ U O g ( I I ) ]  
upto  1080 pg from t e n  meta l  i o n s  on a 2 g column of 
zirconium( TV) arsenophosphate c a t i o n  exchanger  i n  
H ( 1 )  form. 

Copyright 0 1985 by Marcel Dekker, Inc. 
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INTRODUCTION 

VARSHNEY ET AL. 

Spectrophotometric methods a re  commonly used 
f o r  t he  determinat ion of metal  ions ,  bu t  t hey  
genera l ly  requi re  a p r i o r  separa t ion  of i n t e r f e r e n c e s  
t o  improve t h e i r  e f f i c i ency .  
t i on  and ion-exchange methods a r e  widely used f o r  
t h i s  purpose. The former methods have l i m i t a t i o n s  
in  s e l e c t i n g  a s u i t a b l e  so lvent ,  wh i l e  t h e  l a t t e r 8  
employ mostly organic res ins  which are no t  h ighly  
s e l e c t i v e  f o r  metal ions.  Inorganic ion exchangers 
have an advantage in t h i s  regard over t h e i r  organic 
coun te rpa r t s  i n  a d d i t i o n  t o  t h e i r  h i g h e r  r ad ia t ion  
and thermal s t a b i l i t i e s  (1). Therefore ,  t h e y  can be 
used more b e n e f i c i a l l y  i n  separa t ions  of radiochemical 
and a n a l y t i c a l  importance (2,3). The present  work i s  
i n  cont inua t ion  of our  such an e f f o r t  (4-12) i n  t h i s  

d i r e c t i o n  which desc r ibes  a ca t ion  exchange method 
f o r  t h e  removal of i n t e r f e r e n c e s  g e n e r a l l y  encoun- 
t e r ed  i n  the  spectrophot ometric de te rmina t ion  of 
uranium (13-22),using zirconium(TV) arsenophosphate . 
T h i s  ma te r i a l  has  a l r eady  shown e a r l i e r  an exce l l en t  
ion-exchange behaviour (5 ) .  

Liquid- l iquid ex t rac-  

MATERIALS AND METHODS 

Reagents and Chemicals 

A l l  t h e  reagents  and chemicals used i n  t h i s  
study were of AnalaR grade obtained from t h e  B.D.H. 
Poole (England) o r  E .Merck (Darmstadt ) . 
Apparatus 

A Bausch and Lomb Spectronic  710 spectrophoto- 
meter was used f o r  color imetry.  
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Synthes is  of the  Ion-Exchange Mate r i a l  

Zirconium( TV) arsenophosphate was prepared by 
the method reported e a r l i e r  ( 5 )  and was heated a t  
200 C f o r  an hour t o  ob ta in  i t s  modified phase 
u s e f u l  f o r  the  present  study. 

Separat ion and De temina t ion  of Uranium 

Two grams of t he  uniformly s ized  ion exchanger 
p a r t i c l e s  (60-100 mesh) i n  €I+ form were used f o r  t he  
column opera t ion  i n  a g l a s s  tube having an i n t e r n a l  
diameter  of N 0.6 c m .  The column was washed 
thoroughly w i t h  4M HN03 ( ~ 2 5 0  m l )  t o  remove any 
m e t a l l i c  impur i t i e s  and then w i t h  demineral ized 
wa te r  (DMW). The sample so lu t ion  was then  loaded on 
t h e  t o p  of the  column very slowly (Flow rate S 

0.2 ml/min) and t h e  e l u t i o n  was made w i t h  O.OIM HN03 
(Flow r a t e  % 0.5 ml/min) which removed a l l  t he  metal  
ions  except U02(II). 
i n  the  e f f l u a n t  were determined volumetr ica l ly  a s  
u sua l  by EDTA. UO,(II) was u l t t m a t e l y  e lu t ed  out 
w i t h  50 m l  of 1M mO3. 
w a s  evaported t o  dryness  and the  r e s idue  d isso lved  
i n  - 2  ml of DMW t o  which were added 0.5 m l  of an 
aqueous (2%) sodium d i e t h y l  di thiocarbamate s o l u t i o n  
and methanol t o  make the  f i n a l  volume 25 m l .  I t s  
absorbance was measured a f te r  5 minutes  a t  380 nm 
a g a i n s t  the  reagent  blank which g i v e s  t h e  amount o f  
U02(II) on the  b a s i s  of a prev ious ly  drawn cal ibra-  
t i o n  c u r v e .  The resu l t s  a r e  summarlzec? i n  Tables  1 
and 2 f o r  the  sepa ra t ion  of uranium from some b i n a r y  
and multimineral  syn the t i c  mixtures  r e spec t ive ly .  

0 

The metal  i o n s  t h u s  c o l l e c t e d  

T h i s  f r a c t i o n  of t he  e f f l u e n t  
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RESULTS AND DISCUSSION 

VARSHNEY ET AL. 

The s a l i e n t  feature of t h e  p re sen t  s tudy is t o  
use an inorganic  ion  exchanger f o r  the  removal of t h e  
i n t e r f e r i n g  me ta l  i ons  i n  the spec t rophotometr ic  
d e t e m i n a t i o n  of uranium w i t h  sodium d i e t h y l  d i t h i o -  
carbarnate. Zirconium(1V) arsenophosphate c a t  ion 
exchanger hns hcen used a s  an adso rben t  because of 
i t s  h igh  s e l e c t i v i t y  f o r  U 0 2 ( I I ) .  The method is 
simple and rapid r e q u i r i n g  only  a s i n g l e  bed opera t ion .  
As the  r e s u l t s  show (Tables  1 and 2 ) ,  a s a t i s f a c t o r y  
sepa ra t ion  (Er ro r  range -2 55) upto 1080 pg of U02(II)  
is achieved on a 2 g column of t h e  ion  exchanger w i t h  

a s tandard d e v i a t i o n  4 0 . 5 % .  Even a h i g h e r  amount of 
uranium can be separated from o t h e r  meta l  i o n s  i f  the 

amount of t h e  exchanger i s  Increased i n  t h e  column. 
The method r e q u i r e s  pH adjustment  of t h e  a n a l y t e  a s  
6-7 which e l i m i n a t e s  c e r t a i n  meta l  i o n s  such a s  

Ti ( IV) ,  Sb(V) and B I ( I I 1 )  d u e  t o  t h e i r  rap id  hydroly-  
sis under such a confl i t ion.  Ag(1) if p r e s e n t ,  i n  t h e  
sample s o l u t i o n  can be removed by t r e a t i n g  t h e  s o l u t i o n  
w i t h  d i l . H C 1  before  i t s  load ing  on the  exchanger  bed. 
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