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QUANTITATIVE I).ETEIRWNAlZON OF IRON AND ALUMINIUM 
IN SOME ALLOYS AND S I L I C A T E  ROCKS AFTER A CATION 

BICHGNGE SEPARATION ON ZIflCONIUM(1V) 
PHOSPHO AND SSLICO ARSENATES 

K.G.Varshney, Sanjay Agrawal and Kanak Varshney 
Analy t ica l  Labora to r i e s  

Chemi  s t r y  Section 
2 .R .College of Bngineering and Technology 

Aligarh Muslim Unlversi ty ,  Aligarh-202001, I n d i a  

ABSTRACT 

A r ap id  and q u a n t i t a t i v e  method has  been developed 
f o r  the a n a l y s i s  of some i r o n  and aluminium based 
a l l o y s  and s i l icate  rocks using zirconium(1V) based 
arsenophosphate and a r s e n o s i l i c a t e  c a t i o n  exchangers. 
The method is simple, reproducible and p r e c i s e  w i t h  a 
standard devia t ion  <3$, f o r  the  d i r e c t  determination 
of i ron  and aluminium i n  rocks and a l loys .  The low 
standard devia t ion  va lues  suggest t h a t  the method 
shoulA be use fu l  f o r  the  s tandard iza t ion  purposes. 

I N T R O D W  TION 

Analysis of a l l o y s  and rocks i s  important i n  
olhemical technology a s  t h e  presence of var ious  c o n s t i -  
t u e n t s  p l ay  a v i t a l  r o l e  I n  t h e i r  app l i ca t ions .  
Although seve ra l  papers have e a r l i e r  been publ i shed  i n  
t h i s  f i e l d  using wel l  known analy t icR1 techniques 
(1-5), the ion-exchange technique I s  more use fu l  a s  it 
g i v e s  f a s t  s epa ra t ion  of the  i o n i c  spec ies  p re sen t .  
However such s t u d i e s  have been made mostly on organic 
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r e s i n s  (6,7) probably because of t h e i r  e x c e l l e n t  
r e p r o d u c i b i l i t y  and s t a b i l i t y .  

Inorganic  ion-exchangers a r e  wel l  known f o r  t h e i r  
high s e l e c t i v i t y  for metal Pons and s t a b i l i t y  a t  
e leva ted  temperatures  ( 8 )  Zirconium(1V) arsenophos- 
phate  (ZAP) and Z r ( 1 V )  a r s e n o s i l i c a t e  (ZAS) prepared 
i n  these l a b o r a t o r i e s  (9 ,10)  possess  excep t iona l ly  
good chemical s t a b i l i t y  and r e p r o d u c i b i l i t y  i n  ion- 
exchange behaviour  which improve f u r t h e r  f o r  ZAP on 
heat ing .  A p o s s i b i l i t y  of using these m a t e r i a l s  f o r  
the q u a n t i t a t i v e  separa t ion  of metal i o n s  from their  
syn the t i c  mixtures  and from some r e a l  samples h a s  
a l ready  been explored e a r l i e r  i n  these  l a b o r a t o r i e s  
(10). The p r e s e n t  a r t i c l e  summarizes o u r  e f f o r t s  f o r  
a q u a n t i t a t i v e  separa t ion  of aluminium and i r o n  from 
some a l l o y s  and rocks on t h e i r  columns. 

EXPERIMENTAL 

Chemicals and Reagents 

Zirconyl  ch lo r ide  used in these s t u d i e s  was of 
J.T.Baker Chemical Co.Phil1psbux-g (USA), while  tri- 
sodium orthophosphate was of BDR, Poole (London). 
Di-sodium a r s e n a t e  and sodium s i l i c a t e  were E-EEerclr 
(Dermstadt) products  and a l l  o t h e r  r eagen t s  and 
chemicals were of ana laa  grade.  

Apparatus 

A pye unlchem model SP-2900 atomic absorp t ion  
spectrophotometer was used f o r  the q u a n t i t a t i v e  de t e r -  
mination of var ious  elements  p re sen t  i n  rocks and 
alloys. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
4
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



IRON AND ALUMINUM IN SOME ALLOYS 1537 

Synthesis  and Ion-Exchange Capacity of ZAP and ZAS 

These mater ia ls  were synthesized by the methods 
reportea e a r l i e r  (9,iO) and were thermally t r ea t ed  by 
put t ing  them a t  var ious temperatures f o r  one hour each 
i n  tt muffle furnace. They were washed thoroughly w i t h  

dil.HN03 and then w i t h  demineralized water (DMW) till 
the e f f luen t s  were f r e e  of any m e t a l l i c  o r  non meta- 
l l i c  impuri t ies  a s  t e s t ed  by atomic absorption spec- 
tropho tome try. 
var ious samples thus obtained a re  reported in Table I. 
On t h i s  b a s i s  a heated phase of ZAP upto 200 C 
(&-ZAP) and normal ZAS were used f o r  f u r t h e r  s tud ies .  

Di 8 t rib u ti on S tud i  e 8 

The Na+-ion-exchange capac i t i e s  of 

0 

The d i s t r i b u t i o n  coe f f i c i en t s  (Kd) f o r  var ious 
metal ions were determined as usual by the batch 
process on d - Z A P  and ZAS (10). Table 2 shows a 
comparative statement of these values  i n  DPIW and 
HNo3 . 

TABLE 1 
Ion-Exchange Capacity of ZAP and ZAS After  Thermal 
Treatment 

Beating Ion-exchange $ Retention i n  
temperature capaci ty  i on-exch ange 

b q . / d r Y  g o )  capac i ty  
('C) 

ZAP ZAS ZAP ZAS 

45 0.94 1.30 100 .o 100 00 
100 0.95 1.30 101.1 100.0 
200 1003 1.25 109.6 96.2 

0 -46 10000 35.4 
600 Oog4 0.84 0.20 s9.4 15.4 
400 
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IRON AND ALUMINUM IN SOME ALLOYS 1539 

Analysis  of the  Samples f o r  I r o n  and Aluminium 

A. Prepara t ion  of the  Standara Solut ions:  

The s tandard  s o l u t i o n s  were prepared a s  follows: 

Svnthe t i c  Allov S a w l e  s 

Various m e t a l l i c  s o l u t i o n s  were mixed i n  c e r t a i n  
r a t i o s  so t h a t  they  correspond t o  t h e  a c t u a l  m e t a l l i c  
propor t ions  i n  the  s tandard a l l o y s .  

Standard Alloy Samples 

An accura t e ly  weighed amount of the a l l o y  was 

disso lved  i n  a minimum amount of aquaregia  fol lowed 
by the  d i l u t i o n  t o  a des i red  volume w i t h  DMY. 

Rock Samples 

Twenty m i l l i l i t e r s  of 15% NaOH were hea ted  i n  a 
Ni-crucible  u n t i l  melted and then fused  w i t h  100 mg. 
of the  sample f o r  5-6 minutes a t  d u l l  red  h e a t  
( r r l 6 O O 0 C ) .  The melt  was cooled and 100 of DMW 
was added. A f t e r  keeping overnight  the  l i q u i d  was 
t r a n s f e r r e d  t o  a I l i t e r  volumetr ic  f l a s k  con ta in ing  
40 m l  of 1:l HCl  and the volume made upto the  mark 
w i t h  DMW. 

B. Separat ion and W t e d n a t i o n  o f  Fe( I I1 )  and A l ( I I 1 f  

I t  was done a s  follows: 
Two grams of the  60-100 mesh s ized  p a r t i c l e s  of the 
i o n  exchanger i n  H+-form were packed in a glass tube 
having an i n t e r n a l  d i a m e t e r ~ O . 6  cm and f i t t e d  wi th  

g l a s s  wool a t  t he  bottom. The sample so lu t ion  (1-5 m l )  

w a s  evaporated t o  almost dryness t o  remove the excess  
a c i d  and the r e s idue  was d isso lved  i n  a small amount 
(1-3 m l )  of DMW which was then loaded on the column, 
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A l l  the elements except A 1  and Fe were e l u t e d  out  
e i t h e r  i n  DMW or O.OlM HlUOs (max.volumeNZ50 m l ) .  
m e s e  metals were then leached out  w i t h  IMHN03 (max. 
volume @I00 ml) and determined quant i ta t ive ly  by 
atomic absorption spectrophotometry. The observe- 
t ions  are  summarized i n  Tables 3-5. 

RESULTS AND mSCUSSION 

The es sen t i a l  fea ture  of these s tud ies  is t o  
use inorganic ion exchangers f o r  the  ana lys i s  of 
some a l loys  and s i l i c a t e  rocks. A s  it is c l e a r  from 
Table 2 ,  the  d i s t r i b u t i o n  behavior of ZAP is s i g n i f i -  
can t ly  affected on heating. The heated phase of t h i s  

mater ia l  &ZAP) becomes highly se l ec t ive  f o r  A 1  (I11 1 
and Fe (111). Also, zirconium(1V) arsenos i l ica te  
p re fe ren t i a l ly  holds  these two ions  (10). This 
property of these two ion-exchangers has  been succ- 
e s s f u l l y  u t i l i z e d  f o r  the separation and quant i ta t ive  
determination of A l ( I I 1 )  an6 Fe( I I1)  in some a l loys  
and s i l i c a t e  rocks. When a solut ion of these samples 
(eynthet ic  o r  r ea l}  is passed through the ion- 
exchange column wi th  a very slow r a t e ,  only Al( I I1)  
and Fe(1TT) ions a r e  re ta ined and o thers  a re  comple- 
t e l y  excluded by the  column simply i n  DMU o r  
0,OlM HN03. mey a re  then e lu t e6  out  i n  1M HN03. 
(Tables 3-5). 
requires  much less t i m e  a s  compared t o  the c l a s s i c a l  
methods. Furthermore, qu i te  a large number of samples 
can be analyzed using a s ing le  colunm because these 
mater ia ls  have shown the exce l len t  reproducib i l i ty  
in t he i r  ion exchange behavior,  and then ion  
exchange capaci ty  is not  a f f ec t ed  even a f t e r  several  

The method is quite  simple and 
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1544 VARSHNEY, AGRAWAL, AND VARSHNEY 

recycling processes. 
f o r  Ni(1I) ions  i t  could not  be used f o r  the separa- 
t ion  of i ron In the nickel  containing s t ee l s .  For 
such analyses, however, r% -ZAP is qu i t e  su i tab le  
(Tables 3,4). 

Since ZAS has  a high Xd value 
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