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S E P m T I m  AND RECOVERY OF S m  
MITAL IQNS USING PAN SORBED ZmC SILICATE 

AS CBELATING I W  EXCHANGEFt 

J.P. Bawat 
U. Iqba l  

Department of Chemistry 
Aligarh Muslim University 

Aligalh, U.P. India.  

ABSTRACT 

A new inorganic ion exchanger z inc 
ryntherized. Its propar t ies  such as  ion exchange capacity,  
hea t  e f f ec t  and r t a b i l l t y  e to .  have been rtudied. Sorption 
of PAN w e r  z inc  r i l i c a t e  formed a che la te  ion exchanger 
which showed g r e a t e r  s e l e c t i v i t y  f o r  rome metal ions espec ia l ly  
f.or cu2+* NI'+, co2+* Fe3** &+, Au3+ and pt4+. 
has  been determined on t h e  b a r i r  of d i s t r i b u t i o n  coe f f i c i en te  
of t he re  metal ions.  Separations of Pt(1V) from F e ( I I I ) ,  
Au(II1) from F e ( I I I ) ,  ~ ( 1 )  from Cu(11) and Au(If1) from 
Cu(I1) have been reported.  
from d i l u t e  6,olutionr her  a l so  been studied. 

s i l i c a t e  has been 

s e l e c t i v i t y  

Ihe  recovery of Pt(IV) and ~ ~ ( 1 1 1 )  

INTRODUCTI(PS 

Them l a  a revived i n t e r e s t  towards the  ion exchange 

proper t ie r  of r i l i c a t e r  (1-4) in reoent yearr  and t h e i r  

ana ly t ioa l  importance has been demonstrated. The use of 

che la te  ion exchangers I8 reaeiving a t t e n t i a n  during the  l a s t  

few year r  (5 ) .  

r e s i n s  ruggert  t h e i r  u t i l i t y  in a revere1 types of reparat ions 

The s e l e c t i v i t y  o h a r a a t e r i r t i c r  of chelat ing 
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592 RAWAT AND IQBAL 

over the conventional ion exchange r e s ins  ( 6 ) .  A number of 

such ion exchnngers ham been prepared by the  incorporat ion 

of l lgands on res in8  ( 7 - 9 ) .  Because of t h e i r  high s e l e c t i v i t y  

t o  ae r t a in  metal Ions the  use can be made f o r  chromatosraphic 

separat ions advantageously. Chromategraphy of metal  ions on 

a che la t ins  r e s i n  cantaining a thioqlycoloylolp-methyl func t iona l  

group is reported (10). However, no such s tud ie s  have been 

reported with inorganic  exchangers. Zinc s i l i c a t e  was synthesized 

and It was found t h a t  the sorp t ion  of PAN (1-(2-pyridyl-a~0)-2 

naphthol) over I t  forms a mater ia l  which works a s  a chelate  Ion 

exchanger. The u t i l i t y  of t h i s  mater ia l  has been s tudied f o r  

the  se lec t ive  separat ion and recovery of c e r t a i n  metals from 

very d i lu t e  solut ions.  

WTERIALS AND METRODS 

Reagents. Zinc n i t r a t e  (BDH), sodlum s i l i c a t e  and (1-(2- 

p~dy lazo ) -2 -nsph tho1)  (BDH) wore used. 

Apparatus. An e l e c t r i c  temperature control led SIC0 shaker and 

'Metzer Spectral  75 were used f o r  shakine and spec t ropho tme t r i c  

measluements respect ively.  E l i co  pH meter model Li-10 was used 

f o r  pH measurements. 

Synthesis. A number of samples of z inc s i l i c a t e  were prepared 

under a ronqe of aonditions given i n  t ab le  1. O.1H so lu t ion  of 

z inc n i t r a t e  was mixed with 0.lM so lu t ion  of sodium s i l i c a t e  i n  

the varying r a t i o s .  The r e su l t i ng  white p rec ip i t a t e  was kept 

atanding f o r  24 hours a t  room tempernture. pA adjuatment, i f  any, 

was made by adding hydrochloric acid or  sodium hydroxide. 

The prec ip i ta te  was f i l t e r e d ,  washed and dried,  a t  40 C 0 
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METAL IONS BY PAN SORBED Z I N C  SILICATE 

T A B U  1 

Synthesis and proper t ies  of z inc s i l i c a t e  

59 3 

Conditions of synthesis  Proper t ies  
Samples I I 

Molarlty of 'Mlxing pH Cation Composition 
reaaents  vo luw -. ~ 

-I r a t i o  
Zinc sodiu 
n i t r a t e  s i l i c a t e  

1 0. i 0.1 1:l 0.0 2.35 1 : 1.25 

2 0.1 0.1 2: 1 0.0 2.25 - 
3 0.1 0 . i  I: i i .o 0 -95 - 
4 0.1 0.1 1: 1 2.0 0.63 - 
5 0.1 0.1 i: 1 3.0 0.58 - 

i n  a temperature control'led oven. 

i w e r s c d  i n  a so lu t ion  of 6M Nn,,(R t o  convert  t h e  exchanger 

i n t o  N€Ii form. 

is impor tmt  s ince i t  increases  t h e  s t a b i l i t y  of t h e  exchanger. 

The dr ied  product was kept 

The treatment of exchanger with 6H NI14atI 

RESULTS AND DISCL'SSIa 

The r e s u l t s  of synthesis  and proper t ies  of  z inc s i l i c a t e  

presented i n  t ab le  1 together  v i t h  t h e  chemical s t a b i l i t y  

r e s u l t s  given in t ab l e  3 show t h a t  sample i is chemically 

mom su i t ab le  than  any of the o ther  samples. Therefom, 

t h i s  product was chosen f o r  t he  o ther  s tud ies .  

Cation exchange capacity. The ion exchange capac i ty  f o r  

H+ ion was detenained by taking the exchanger i n  8+ fom 
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594 W A T  AND IQW 

TABLE 2 

lkohange oapacl ty  of zlno s l l l o a t e  

I I 

s1. Eluted I o n  
NO 

Exchange oapaolty 
d g  

1. H+ 

2, ca2 + 

3. CUP* 

4 .  a2 + 

5.  m2+ 
6.  Fa3+ 

0.05 

2.38 

2.56 

2.36 

2.53 

2.29 

and then e lu t ing  w i t h  1.OM so lu t ion  of ammonium aoetate .  

Metal ion capaci ty  waa determined by taking d'* with the 

exchanger and e lu t ing  with a ao lu t lon  of mmoniun acetate .  

From the r e su l t s  given i n  t a b l e  2 It can be In fe r r ed  t h a t  

zinc s i l i c a t e  works as  an extremely weak ca t ion  exchanger 

and hence des is ted  any release of hydrogen Ions.  It is, 

therefore ,  der i rab le  tha t  the  exchanger should not be 

allowed t o  make contact  with any so lu t ion  tha t  contains  

hydrogen ions. The metal Ions capacity,  however, I s  

s u f f i c i e n t l y  high and varloa from 2.29 t o  2.36 meq/g. 

Chemical s t a b i l i t y .  200 mg o l  the exchanger was shaken with 

20 a1 of the appropriate solvent  f o r  6 hours a t  room teape- 

ra ture .  Zlno  and s i l i c o n  I n  tho supernatant l i qu id  were 

determinod by o t h y l e n o d l ~ n e t ~ t r a a c e t l c  acid and molybdenu 

blue aethodr (11) respect ively.  The r e s u l t s  a re  presented 
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METAL IONS BY PAN SOBBED ZINC SILICATE 595 

TABU 3 

Solubility or zinc r i l i c a t e  In dirrerent solvents 

mount or exohanger taken m 200 mg 

I I 1 s1 . Solvent r Zinc In pg Si l ica  in pg 
No. 

1. Demineralized water 0.0 0.0 

2. Am~anirrm hydroxide 6.m 1.8 0.0 

3. Methanol 0 .o 0.0 

4. Nitr ic  Acid, W 16.25 24 .O 

5. Bgdrochlorlc Acid 2M 48.75 13.9 

6. Sulphuric Acid 2M 40 .OO 48.9 

7. Alamonim Acetate W 0.0 0.0 

8. (balic Acid 1M 0.81 0.0 
9. A C O t i C  Acid IN 16.28 15.48 
10. Sodium n i t r a t e  W 0.0 0.0 

I n  table  3. The m r u l t r  or  the r t a b i l i t y  or rample 1 only 

are reported here. The valuer In the table  rarer  t o  the 

amountr o r  Zn aad 91 dirrolved in 20 a1 rolvent. The valuer 

rhow tha t  Zinc r i l i c a t e  can be ured in nearly neutral  media, 

water, malt rolutionr, alcoholr, d i lute  acidr and m o n l a  

concentration upto 6M without an appreciable l o r r .  Elgh 

concentration of acid, however, errectr  the exchanger and 

caurer dirroaiat lan or i t r  oonstituentr t o  roo1 extellt. 

Cheoioal colpoaltian. 

heated In 50 rl of aqua regia f o r  nearly ha l r  an hour. Thir 

rerulted in the dlrrooiatian of slno Ion8 from the r l l l c a t e r .  

Zinc Ion# t h u r  prorent In the  rupernatant l lqn id  were i i l t e r e d  

and quantitatively emtirated by t i t r a t i o n  w i t h  e t h y l e n e d l d n +  

A 200 y portion of the exahanger war 
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596 RAWAT AND XQW 

t e t r a  ace t i c  acid. 

The r e s u l t s  a m  given in t a b l e  I. There r o r u l t s  give an apparent 

r a t i o  of Zu:Si of 1:1.25. 

The re r ldue  war ign i t ed  and weighed a s  SiO,. 

Heat treatment.  Ezclianger was dr ied  a t  d i f f e r e n t  temperatures 

In  a muffle furnacr  f o r  four hourr.&tion exchange capaci ty  of 

one gram of eaah of the d r i ed  product waa detenained as  dercr ibed 

e a r l i e r .  The products d r i ed  a t  temperature. 40 , 100 , 200 and 

300 C had the capac i t i e s  2.30, 1.70, l.s, 0.94 mep/g rerpect ive-  

ly .  This shows a l o r r  in capaoity a t  higher  temperatures. 

a a a 

ChelatlnR mroparties. Tho t a c t  t h a t  z ina  r i l i a a t e  keeps a firm 

hold on the  rorbed rubrtances hag been advantageoumly ured t o  

make it ac t  l i ke  a che la t lng  exchanger. The exchanger was kept 

i m e r s e d  in an alcohol lo  so lu t ion  of PAN f o r  24 hour8 t o  allow 

complete rorpt lon of the  l a t t e r .  Washed f i r s t  with alcohol 

a d  then wi th  deionized water and dried.  a t  40.C. The zinc- 

silicate-PAN product so obtained was then used f o r  the  

reparat ionr  and rooovary of some of the  metal ions. Alcohol 

and d i lu t e  so lu t ion  of ammonium hydroxide do not cause re lease  

of PAN from the  exchanger. 

Distr ibut ion s tudies .  Dis t r ibu t ion  coe f f i c i en t s  of seven metal 

ions were determined by batch process on PAN-sorbed zinc s i l i c a t e  

i Kd I Amount of metal ion in e rchawer  phase gm- 

mount  of metal ion  i n  so lu t ion  phase ml" 

The amount of exchanger was 0.5 g and t o t a l  volume of 

equi l ibra t ing  so lu t ion  war maintained a t  25 11. Shaking war 

done f o r  r l x  hours. A U ( I I I ) ,  P t ( 1 V )  ( 1 2 )  and & ( I )  (13) were 

detenained by spectrophotometric methods, whereas Co , Cu2+, 

N12* and Fe3+ were estimated volumetrioally by EIIFA. The Kd 

2+ 
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METAL IONS BY PAN SORBED ZINC SILICATE 

TABU 4 

59 7 

Kd r a l w s  of metal ions 

I 

~d values, rl g-' 

PIW m4ai N€14(ltI NX4a.i NH4m m4ai m4ai 
Catians 1 I I t I 1 

IM a! 3M 4!4 5M 6M 

CU2+ 

co2+ 

re 3+ 

P t 4 +  

N i 2 *  

&+ 

AU3* 

260.0 147.5 50.8 14.52 8.32 1.0 0.0 

280.0 18.0 9.2 2.60 0.0 0 .o 0 .o 
560.0 110.0 72.0 45.70 45.7 45.7 45.7 

360.0 40.0 17.1 0.0 0.0 0 .o 0 .o 

0.9 0.8 0.8 0.8 0.9 0.9 0.9 

I I I I I I 

om m p  MI4= m4QI m4ai m4aa m4QI 
0 . 0 0 ~  o.mm 0 . 0 1 ~  0.0% o . 1 ~  o . 5 ~  

840 480 220 176 104 72 0.60 

620 380 19 5 154 98 52 0.42 

values of these ions were dotemined in deionized Water and 

in so lu t ions  of d i f f e ren t  concentrations of ammanla. The 

r e s u l t s  presented i n  t ab le  4 ind ica te  t h a t  zinc-PAN-silicate 

shows a se lec t ive  sorp t ion  f o r  Co2+, Cu2*, Fe3+ and N i 2 *  

whereas desorption for &(I), Pt(1V) and ~ ~ ( 1 1 1 )  ions. T h i s  

paved the way f o r  the  easy separat ions of the two o lass  o l  

ions. The mason f o r  s e l ec t ive  sorpt ion and desorption of 

cer ta in  types of metal ions  can be a t t r i bu ted  t o  the l a rge r  

difference in the  s t a b i l i t y  constants of t he  metal-PAN 

aomplexes. The e lu t ion  is based on the s t a b i l i t y  constant 
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598 RAWAT AND IQBAL 

TABLE 5 

Soparatiom on zino-rilicatc-PAV column8 

I I I I i i 

Mixture Eluent Eluate mount Amount $Error 
( m l )  loaded round 

l a  pt(1v) DMw 50 500 w 493 ).y: 1.40 

Pe(II1) m40A 100 ' 40 IUS 40.25 0.65 

lb Pt(IV) D!IW 50 SO0 M 515 p!! 3.00 
6 n10l.dm'~ 

Fe(II1) NH4cR 80 500 )rg 490.33 s 1.93 

l o  Pt(1V) DM 60 10 mg 9.28 mg 7.20 

Fo(I11) NRqQ( 100 I mg 1.03 mi% 3.00 

6 m ~ l . d m ' ~  

6 a ~ o l . d n - ~  

2 Au(II1) DMW 40 500 )u 510 M 2.00 

Fe(II1) m40€i 80 500  y~ 510.12 pg 2.24 
6 m 0 l . d ~ '  

3a & ( I )  m4Qt 80 13.8 mg 14.0 mg 1 . 5  

CU (11 ) h'R4 (H 70 S.8 me 6.0 3.4 

0 .1  m o l . a - 3  

6 r n o l . d ~ - ~  

3b & ( I )  NH4m 90 1.38 rns 1.42 mg 2.80 

CU(II) m4m 80 600p 6 1 5 ~  2.50 

0.1 mo1.h-3  

6 rnol.dr~-~ 

30 & ( I )  m4m 90 600 pg 608 pg 1.30 
0.1 rnol.dm- 3 

CU(II)  m4m 70 600pg 610 pg 1.66 
6 r ~ 0 l . d . C ~  * 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



METAL IONS BY PAN SORBED ZINC SILICATE 

(TABU. 5 CONTINUED) 

599 

I I I I I I 

4a ~ ~ ( 1 x 1 )  DHW 40 475 pg 470 pu 1.05 

cu(11) m,QI 70 4.1 6 g  4.0 y 2.46 
6 m 0 1 . d . ~ ~  

4b AU(III) DHW 30 I mg 1.02 mg 2.00 

CU(II) m4ai 100 1.14 mg 1.09 mg 4.38 
6 m ~ l . d m ' ~  

of metal-elutinE ligand complex. Metal-eluting ligand having 

hi&h r t a b l l i t y  oanrtant w i l l  be eluted f i r s t .  

Colmn reparatlonr. 

war f i l l e d  t o  a height of 10 om with two gramr of the exchanger 

f u l l y  rorbed with PAN. The coluan waa washed wlth 50 bed v o l m e s  

of deminer8llZed water and 10 bed volumes of buffer of PA 3.6. 

The sample rOlUtiOnS oomtalning the metal l o n o  de8ired t o  be 

reparated war pareed onto the  C O l u u m  a t  a flow r a t e  of 1 t o  

2 nl pin". 

by the  exchanger, & ( I ) ,  Au(1II) and Pt(1V) parsed out unsorbed. 

Quantitatlve reparat lonr  of i ron  and p l a t l n m ,  I r a  and gold, 

oopper and rllver and copper and gold have been aahleved. 

Table 5 shows a l is t  of meparations suocer r fu l ly  achieved on a 

001- of PAN rorbed zinc millaate. The order and the  e luen t r  

are presented In figurer I, 2, 3 and 4. 

A g las s  column (length 43 cm, 1.d. 0.39 CP') 

'Unlike Fe3*, N12*, Cu2* and C02* Jl lch  were retained 
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METAL IONS BY PAN SORBED ZINC SILICATE 60 1 

O.1m 0 f d m ' ~ N H 4 0 H  6 m  o I dm - 3 ~  Hd O H .  
Z O O  r 

- I AA9( 

e 
a 
g 5 0  

0 2 0  4 0  6 0  8 0  I00 I20 140 160 t 6 0  
Yolumr o f  c f t l u r n f  ( m l l  

FIG.3 SEPARATION OF A g  ( I  I - C U  ( I l l  

% 
0 

0 2 0  40  6 0  
volume o f  c l f lurn t  l m l l  
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602 RAWAT AND IQBAL 

TABLE 6 

Recovery of Pt(1V) and Au(II1) ions a t  pH 3.6 f r m  so lu t ions  

containing 5 mg each of Co(II) ,  N i ( I I ) ,  Cu(I1) and Fe(1I I )  
~~ ~~ ~ 

Ions measured ' I n i t i a l  weight 'Weight of ion  ' Recovery 
of ion present  e lu t ed  $ 

(mx 1 (m3 1 

Pt  ( I V )  i 0.99 99 
p t ( I V )  5 4.80 96 
AU ( I II ) i 0.99 99 
AU( 11 I ) 5 5.06 101 - 

Bscovory of pt(1V) and ~ ~ ( 1 1 1 ) .  

recoverier  of p l a t i n m  and gold from rolutions containing i ron ,  

cobal t ,  copper and nickel .  In the  presence of f ive  fo ld  excess 

of the8e metal iom, ne i the r  of them could be detected in t he  

water e lua t e  containlnq platinum and gold.  

ions, Co 

6M NHqaI. 
in t he  recovery of precious metal ions.  

Table 6 shows the  successfu l  

The re ta ined  metal  
2+ , Cu", N12+ end Fe3+ were e a s i l y  e lu ted  out wi th  

This shows the  importance of PAN-sorbed zinc s i l i c a t e  

&knowledgernent. The authors are  g r a t e f u l  t o  Prof .W.Rahnan 

f o r  providing research f a c i l i t i e s .  o l e  of us 01.1.)  is a l so  

thankfu l  t o  CSIR Ind ia  f o r  f inanc ia l  arals tance.  
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