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SEPARATION OF ZIRCONIUM BY 
EXTRACTION CHROMATOGRAPHY WITH 
AMBERLITE LA-1 FROM MALONIC ACID 

Prakash Narayanan and S. M. Khopkar 
Department of Chemistry 

Indian Institute of Technology 
Bombay-400 076, India 

Abstract 

Zirconium was separa ted  by e x t r a c t i o n  chromatography 

wi th  Amberlite LA-1 as an e x t r a c t a n t  f r o m  1 x M t o  

2.5 t o  10-l M O f  malonic ac id  at pH 2.0 t o  6.0. It was 

s t r i p p e d  wi th  va r ioue  mineral  acids  and determined epec t ro-  

photometr ica l ly  wi th  areenazo-I11 at 665 m. Zirconium was 

Separated from a l k a l i ,  a l k a l i n e  earthe, y t t r ium,  lanthanum, 

chromlum(III), manganese, coba l t ,  n i c k e l ,  copper, z inc ,  

cadmium and aluminium by process  o f  s e l e c t  i v e  extract ion. 

I t  w a s  a lso  sepa ra t ed  from ecandium, t i t an ium,  thorium, 

uranium and biemuth by process  o f  s e l e c t i v e  s t r i p p i n g  w i t h  

va r ious  mineral acids. The method was extended f o r  t h e  

a n a l y s i s  of  zirconium in z i rcon .  
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766 NARAYANAN AND KHOPKAR 

Solvent ex t r ac t ion  sepa ra t ion  of methods for zirconium are 

The e x t r a c t i o n  o f  zirconium with summarised in a monograph (1) .  

high molecular weight amines f r o m  organic  a c i d s  (2,3) were 

reported e a r l i e r .  

separat ion of zirconium with high molecular weight amines a r e  

few in number. 

w a s  explored as an ex t r ac t an t  on ce l lu lose  and corvlc  S U P Q O ~ ~ .  

Aliquat 336 ( 7 )  impregnated on kel-P support  was used for t h e  

separat ion of zirconium from thorium and uranium. 

LA-2 (8,9) permitted the  sepa ra t ion  o f  zirconium from uranium, 

thorium and scandium in su lpha te  media. Hovrever so f a r  no 

endeavour was made t o  u t l l i s e  dicarboxyl ic  acids l i k e ,  malonic 

acid as t h e  media f o r  s epa ra t ion  of zirconium from assoc i s t ed  

element a. 

The e x t r a c t i o n  chromatographic methods f o r  t h e  

Tr ioc ty l  mine (4,5) or its isomeric de r iva t ive  (6) 

Amberlite 

Experimental 

Apparatus and reagenta 

ECIL spectmphotometer provided with matched 10 mm corex Pass 

cuvet ts ;  Cambridge pH meter w i t h  combined glass e l ec t rode ;  

chromatographic column ( 7  mm x 2 0 0  mm); Amberlite LA-1 [N-dodecyl 

( t r i a l k y l  methyl) m i n e  J (Rohm and Hass Co. , Philadelphis ,  W A . )  

A stock so lu t ion  of zirconium waa prepared by dissolvinR 

1 (yn o f  zirconium n i t r a t e  pentahydrate in 25 m l  of n i t r i c  a c i d  

and then d i l u t i n g  it t o  250 m l  with d i s t i l l e d  water. The s o l u t i o n  

on s tandardisat  ion,  complemmetrically with EDTA (10) contained 

1 m g / m l  of zirconium. 

zirconium was prepared by twenty fold d i l u t i o n .  S i l i c a  gel  

(100-200 mesh) waa made hydmphobic and coated with Amberlite LA-1 

as p e r  procedure described e a r l i e r  (11).  

column wi th  bed dimensions of 7 mm x 100 mm. 

A d i l u t e d  so lu t ion  containing 50 g/ml of P 

I t  was then  packed i n  a 
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SEPARATION OF ZIRCONIUM 767 

General Procedure 

An a l iquot  of so lu t ion  containing 50 o f  sirconium w a a  

taken and mixed with 5 m l  of 0.01 M malonic acid.  Then t h e  pH 

of  the so lu t ion  was adjusted t o  5.0 w i t h  e i t h e r  0.01 M malonic 

acid or sodium hydroxide. It w a s  then passed on t h e  column at 

t h e  flow rate o f  1 ml/min. Zirconium which WBB ext rac ted  on t h e  

column w a a  s t r ipped  wi th  var ious mineral acids .  Eight f rao t ione  

each of 5 m l  were col lected and from each fraction,zirconium was 

determined epectmphotometrically with arsenazo-I11 at 665 nm (12).  

Resul ts  and Discussions 

Zirconium in batch e x t r a c t i o n  ( 3 )  w a e  extracted with 44 

Amberlite LA-1, LA-2 in xylene at pH 2.5 t o  6.0 in presence o f  

0.01 M malonic acid. It  was s t r ipped  with > 1 M o f  mineral  acirls. 

Th i s  ex t rac t ion  c h a r a c t e r i s t i c s  was confirmed on t h e  column by 

carrying out systematic inves t iga t ions  between pH 1.0 t o  7.0 

(Fig. 1) in t h e  presence of 0.01 M malonic acid. The same 

ext rac t ion  behaviour w a s  confirmed on t h e  column as zirconium 

w a s  quant i ta t ive ly  extracted from pH 2.5 t o  6.0. 

The e f f e c t  of malonic ac id  concentration on ex t rac t ion  

o f  zirconium was studied by varying t h e  concentration of  maIonic 

acid f r o m  

quant i ta t ive ly  extracted with 10’’ I t o  2.5 x 10-1 M of malonic 

acid.  A t  higher concentrations of malonic ac id  it showed a 

decrease i n  ex t rac t ion  possibly due t o  s e t t i n g  up o f  competit ive 

e q u i l i b r i a  between anionic  malonato complex of  zirconium and 

the  malonato anion f o r  t h e  ex t rac tan t .  

M t o  5 x 10-l m (Pig .  2).  Zirconium was 

Various mineral ac idr  were t e s t e d  as t h e  s t r i p p i n g  agent 

i n  t h e  concentration range of 0.5 t o  3.0 M (Table 1 ) .  Zirconium 
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P H  - 
FIGURE 1. Effect of pM on Extraction of Zirconium. 

waa stripped quantitatively with greater then 2 M hydrochloric 

o r  1 F: sulphuric or 3 I o f  n i t r i c  acid. Below 1 . 5  M 

hydmchlorlc o r  0.35 M aulphuric or 2.0 M n i t r i c  acid etrlpplng 

w a e  incomplete. Z M hydrochloric acid wm however preferred aa 

the at ripping agent. 
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SEPARATION OF ZIRCONIUM 169 

Table - 1 

U u t i o n  behaviour of  Zirconium 

K.1 0.5 1 5  
1 .9 1 5  
1.5 1 5  
2.9 10 

3.9 10 

40 13 .9 
35 74.7 
35 64.5 
30 100.2 
25 100.1 

H 2 N 4  0.5 1 5  40 48.2 
0.75 1 5  95 78.1 
1.0 10 30 100.6 
2.9 10 25 102 .1  
3 .9 1 r., 25 100.2 

Mi03 1.0 20 

2.9 15 
:!J .9 15 

40 1'5.9 
40 65.2 
35 100.8 

Separat ion of Zirconium from Binary Mizturee 

Zirconium waa separated from s e v e r a l  elem n t s  in binary 

mixtures by t ak ing  the  advantage of  t h e  d i f f e rence  i n  pH at which 

varioua elements formed an ion ic  malonato complexes e.g., at QH 5.0, 

a l k a l i ,  a l k a l i n e  ea r the ,  yt t r ium, lanthanum, chromiua( 111). 

manganeee (111, coba l t ,  n i cke l ,  copper, z inc,  cadmium, aluminium 

were incapable of forming an ion ic  complex, while zirconium fanned 

ex t r ac t ab le  an ion ic  malonato complex. Hence when a mixture w a e  

passed on t h e  column zirconium w a s  ex t r ac t ed  and eubeequently 
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SEPARATION OF ZIRCONIUM 71 1 

s t r ipped  with 2 M hydrochloric acid,  while a l l  o t h e r  elements 

passed through during t h e  e x t r a c t i o n  stage. Zirconium w a a  t hus  

separated from these elements i n  t h e  r a t i o  1:40. 

It was a l s o  poss ib l e  t o  sepa ra t e  some elements from 

zirconium wi th  va r ious  s t r i p p i n g  agents.  Since scandium, t i t an ium,  

vanadium, bismuth and thorium formed malonato complex they were 

extracted along wi th  zirconium but were first s t r ipped  w i t h  0.04 M 

su lphur i c  ac id  (thorium with 0.25 M su lphur i c  acid) .  

waa reextracted a8 i ts  an ion ic  sulphato complex on t h e  column 

and was l a t e r  s t r ipped  with 2 M hydrochlor ic  acid. Zirconium 

w a s  separated f r o m  i r o n  (1111, t h a l l i u m ( I I 1 )  and uranium(V1) 

af ter  co-extraction with zirconium in binary mixtures. S i n c e  

zirconium could not form chloro complex while o t h e r  elements 

were reextracted on the  column as t h e i r  chlorocomplexes, zirconium 

w a s  washed out f i r s t  followed by t h e s e  elements with s u i t a b l e  

mineral  acids .  

Zirconium 

Separat ion of Zirconium f r o m  Mult icomponent Kiztures 

Some elements l i k e  chmmium(lII) ,  n i c k e l ,  y t t r i um,  cadmium, 

lanthanum were incapable of forming malonato complexes and t h e r e f o r e  

could be s t r i p p e d  with water. The d i f f e r e n c e  in t h e  concen t r a t ion  

o f  sulphuric  acid at which va r ious  metals formed su lphs to  complexes 

was a l s o  u t i l i s e d  t o  develop sepa ra t ions  eg. vanadium, scandium, 

bismuth, t i tanium, thorium were incapable o f  f o w i n g  an ion ic  

m l p h a t o  complexes at 0.25 M su lphur i c  ac id ,  i n  c o n b a s t  zirconium 

formed stable anionic  sulphato complex and was t h e r e f o r e  r e t a ined  

on t h e  column. 

acid.  Few separat ions based upon t h e s e  p r i n c i p l e s  are described. 

It  was subsequently s t r i p p e d  with 2 M hydrochlor ic  

The mixture o f  chmmium(ZII), zirconium and i r o n ( I 1 I )  w a s  

passed on t h e  column when chromium passed through t h e  column a8 
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FIGURE 3. Separation of Zirconium from Multicomponent Mixtures. 
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SEPARATION OF ZIRCONIUM 773 

i t  could not form malonato complex. The ex t r ac t ed  zirconium WBB 

s t r i p p e d  with 4 Id hydrochloric acid when i ron  w a e  r eex t r ac t ed  

as its chloro complex. This In t u r n  was s t r i p p e d  wi th  0.1 M 

hydro chlo ri c acid 

The mixture containing n i c k e l ,  vanadium(V) and zirconium 

was passed on t h e  column when n icke l  w a s  no t  ex t r ac t ed  and it 

passed through t h e  column but vanadium a n d  zirconium were 

coextracted.  

acid while zirconium was s t r i p p e d  with 2.0 IJI hydrochlor ic  acid. 

Then vanadium w a s  s t r i pped  with 0.25 M su lphur i c  

Yttrium, scandium, thorium and zirconium Were separated 

by process of s e l e c t i v e  ex t r ac t ion .  

through the  column yt t r ium coulh not be extracted hence aassed 

through. The extracted scandium w a s  s t r i pped  wi th  0.04 hl su lphur i c  

ac id ,  thorium with 0.25 Id su lphur i c  acid and f i n a l l y  ziyconium 

w i t h  2.0 h! hydrochloric acid.  

On paseing t he  mixture 

Cadmium, bismuth, thorium and zirconium were separated 

fmm each o t h e r  by passing t h e  mixture on the  column when 

cadmium was not extracted and was washed with water  w h i l e  o t h e r  

metals were extracted.  Bismuth was s t r ipped  with 0.04 bl su lphur i c  

acid thorium with 0.25 M su lphur i c  acid and zirconium w i t h  2 M 

hydrochlor ic  acid.  

Chromium(II1) , titanium(1V) , thorium and zirconium rJere 

separated by washing chromium wi th  water followed by s t r i p n i n e  

o f  t i tanium with 0.04 M su lphur i c  acid,  thorium w i t h  0.25 M 

su lphur i c  a c i d  and zirconium wi th  2 M hydrochloric acid. 

Lanthanum, scendium, zirconium an& uranium(V1) were 

separated by s t r i p p i n g  lanthanum wi th  water, scandium w i t h  
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114 NARAYANAN AND KHOPKAR 

Table - 2 

Separation o f  Zirconium f r o m  M u l t  icomponent Mixturee 

Eluant used B.N. Elements. Taken (yg) Found ( g )  Recovery ?4 r 
cr (1II )  
Zr 
Fe(I11) 

Ni 
v(v)  
Zr 

Y 
S C  

Ih 

Zr 

Cd 

BI 
Th 

zr 

Cr(III)  
T i  
Th 
Zr 

La 
s c  
Zr 
U ( V I )  

3 00 
50 

100 

300 
96 -7  

50 

300 
100 

98.5 

50 

300 
100 
98.5 

50 

300 
94.6 
98.5 
50 

300 
100 
50 

100 

301 
49 
99.6 

302 
97.8 
50.1 

301.5 
99.8 

96.5 

49.3 

300.5 
98.5 
96.8 

49.5 

301 
93.1 
96.5 
50.5 

302 
99.e 
49 

101 5 

100.3 
98.6 
99.6 

100 + 6 
101.2 
100.2 

100 04 
99.e 

100 0 

98.6 

100.2 

98.5 
98.9 

99.0 

100.3 
96.4 
98 
101 .o 

100.6 
99.5 
98 

101.5 

H20 
9 H C 1  

0. i H C 1  

H20 
0.25 H2S04 
2 HC1 

H20 
0.04 H2SO4 

0.25 HSO4 

2 H C 1  

H20 
0.04 HzsO4 
0.25 H2SO4 

2 H C 1  

H20 
0.04 HBO4 
0.25 H$04 
2 H C 1  

H20 
0.04 H@O4 
6 H C 1  
2 HNO3 
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SEPARATION OF ZIRCONIUM 775 

0.04 M su lphur i c  ac id ,  zirconium with 6.0 M hydrochlor ic  ac id  

and f i n a l l y  uranium with 2 M n i t r i c  acid (Table 2, Fig. 3). 

The mixtures i n  all sepa ra t ions  were f i r s t  adjusted t o  

pH 5.0 in  presence o f  0.01 M rnalonic ac id  t o  form e x t r a c t a b l e  

anionic  complex. They were then passed through t h e  column at a 

flow rate of  1 m l / r n i n .  After  s t r i p p i n g  ou t  al l  t h e s e  elements, 

they were determined spectrophotometr ical ly  by complexing with 

appropr i a t e  chromogenic l i gands  (13). 

The proposed method w a s  extended for t h e  a n a l y s i s  o f  

zirconium in zircon. 

Separat ion of  Zirconium from Zircon 

About 2 gm of zircon was fused wi th  same amount of  borax 

i n  a platinum crucible .  After Cooling t h e  mass, it was l m i v a t e d  

with 2 M hydrochlorlc acid.  

and proceded as per  general  procedure and was passed on t h e  

column when lanthanides ,  aluminium, i r o n ( I 1 )  were no t  ex t r ac t ed  

and were washed wi th  water. Titanim and i m n ( I l 1 )  s t r i p p e d  

with 0.1 M su lphur i c  ac id  zirconium was s t r ipped  with 6.0 M 

hydrochloric acid and f i n a l l y  uranium was s t r ipped  with 2.0 M 

n i t r i c  acid. 

64.5% as against  standard value o f  64.15%. 

An a l iquo t  o f  so lu t ion  was taken 

The amount o f  21-02 determined a8 per  procedure was 
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