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JOURNAL OF L I Q U I D  CHROMATOGWHY, 4(7), 1245-1259 (1981) 

SILICA BAS3, D O U 3 I Z  SALTS AS CATION-EXCHANGERS -1 
SYI?WXSIS -4h” AN,4LYTICAL APPLICATIONS CF CERIUM ( IV)PNOSPHOSILICATZ . 

K.G .VARS!IIJEY AND A.PWMADAS. 

Chemistry Section, 
2.Ii.College of Engg.& Tech. 
Aligarh Muslim University,  d i g a r h  202007-INDIA 

.kBSTFUCT :- This paper dea l s  with the  syn thes i s  of cerium(1V) 

phosphos i l ica te  as a new, reproducible and s t a b l e  inorganic  ion- 

exchanger. The s t u d i e s  on i t s  composition, chemical and thermal 

s t a b i l i t y ,  pH- t i t ra t ion ,  IR, and X A  have been d iscussed  alongwith 

the  d i s t r i b u t i o n  behaviour for metal. ions.  On the  b a s i s  of 

d i s t r i b u t i o n  s t u d i e s  some t e rna ry  and b ina ry  separa t ions  of metal  

ions have been achieved which a r e  important both a n a l y t i c a l l y  

and i n d u s t r i a l l y .  

_-_____ INTRODUCTION 

Inorganic m a t e r i d s  possessing ion-exchange p rope r t i e s  

have been of much i n t e r e s t  during the  l a s t  so many 

Uouble salts  a re  now rece iv ing  more a t t e n t i o n  due t o  t h e i r  

pecu l i a r  c h a r a c t e r i s t i c s . S i l i c a  based inorganic  m a t e r i a l s  are 

known to possess enhanced ion-exchange p rope r t i e s  and s t a b i l i t y .  

Phosphos i l ica tes  of z i r c o n i m 4  and titaniumS a re  used for t h e  

separa t ion  of  trace amounts of pluta’nium and i n  t he  sepa ra t ion  

1245 

Copyright 0 1981 by Marcel Dakker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1 2 4 6  V A R S H "  AND PREMADAS 

of radioisotopes.  

of t he  phosphosil icates of  o the r  t r i -andtetra-valent  metals 

has been lacking i n  the l i t e r a t u r e .  We have therefore  concen- 

t r a t e d  our  e f f o r t s  t o  prepare and use s i l i c a  based double salts  

of tri- and t e t r a - v d e n t  metals as inorganic  Ion-exchangers. 

The following pages swnmarise our such a study on C e ( I V )  

phosphosil icate (CPS). 

However a systematic and de ta i l ed  s tudy 

Reagents and Chemical$ :- All  the reagents  and chemicals 

used were of Anal& grade obtained e i t h e r  from BDH (Poole) o r  

li. Merck (Darmstadt). Sodim s i l i c a t e  powder WRS a Reidel(Gemany) 

product. 

AD.paratug:- An Qico model LI-10 pII-meter was used for 

pll-measurements while spectrophotometric s tud ie s  were performed 

on a Dausch & Lomb Spectronic-20 colorimeter.  I R  s t u d i e s  were 

performed on a Perkin-Elmer 621 :rating i n f r a r e d  spactrophotometer 

and therniogravimetric ana lys i s  was done on a modern TGA balance 

of FCI ( Ind ia ) .  

Synthesis o f i o n = e x c h a n n e m ~ t ~ r ~ ~ - :  - About 80 g. of s o d i m  

s i l i c a t e  was heated with 1 l i t e r  of deminerdised water (I)I4iJ) 

for 10-15 minutes and f i l t e r e d .  

analysed gravimetrically,  was found t o  be r~ 36 g. k3i02/liter. 

I t  was fu r the r  d i lu t ed  four times wlth DMW followed by 250 ml 

of  conc: H2S04 and 1 l i t e r  of 0.1M c e r i c  m o n i u m  sulphate.  

The solut ion was then made b a s i c  (prb-8) by adding l i q u o r  

mania dropwise with continuous s t l r r i n g .  The ge l  thus 

obtained WRS digested for 8 hours a t  room temperature (-30°C) 

The Si02 content of this solut ion,  
6 
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SILICA BASED DOUBLE SALTS. I 1247 

f i l t e r e d ,  washed w i t h  DM!J and dispersed w i t h  continuous s t i r r i n g ,  

i n  a 5 l i t e r  mixture of 2.5 moles each of phosphoric and n i t r i c  

acids  a t  N 65OC. 

washed with DMW and dried a t  N 6pC. 

to  crack i n t o  s m a l l  granules which were converted i n t o  the B+ 

form w i t h  1 M  €lK03 as usual. 

i n  d i f f e r e n t  batches f o r  checking the reprorlucibil i ty.  

The r e su l t an t  gel  was f i l t e r e d  by suct ion,  

It was immersed i n  DMW 

The same material was synthesized 

Comosition :- 

of  10M H2S04 and d i lu t ed  to  50 ml with 3M:J. 

S i02  was f i l t e r e d  ou t  and estimated gravimetrically? 

8 

500 mg. of the exchanger were heated w i t h  20 m l  

The undissolved 

In the 
f i l t r a t e  Ce(IV) was determined volumetrically 7 using f e r r o i n  

RS Indicator  and phosphate was estimated spectrophotometrically 

a f t e r  reducing Ce(IV) t o  Ce(II1).  The r e s u l t s  are  summarized 

i n  table 1. 

--- Ion-Exchanne CaDaCitY (i .e.c):-  As the mater ia l  was a cation- 

exchanger its exchange capacity was determined by passing a f ixed  

volume (250 m l )  of a 1 M  metal solut ion on a column of O.5g 

sample maintaining the flow r a t e  as ~ 0 . 5  m l  minute;’ 

shows the i .e.c of the exchanger f o r  d i f f e r e n t  metals. 

Table 2 

TABL-B-1. Composition of cerium(1V) phosphosll lcate.  

- --- 
S. Amount of M i l l h o l e s  Hill imoles l4illlmoles Mole 
No. Sample of Cerium of Si l icon of Phosphorus r a t i o  

taken(mg1 
-. -- -- 

1 500 0.96 2.50 1.95 2: 5:4 
2 500 0.95 2.47 1.90 2:5:4 
3 500 0.97 2.50 1.95 2:5:4 
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1248 VARSHNEY AND P W A S  

TABLE-2 : Ion-Exchange Capacity of Cerium( IV) phosphosil icate 

dr ied a t  6pC. 

Metal ion 1.e.c I n  
meq/dw g* - 

Li(1)  1.22 

1.50 

1-53 

1.10 

1.10 

1.84 

1.68 

Ba( 11) 1.68 

----- Chemical and thermd s t a b i l i t y  :- 250 mg. of the exchanger 

were placeli i n  

bases and sal t  solut ions of d i f f e r e n t  concentrations f o r  24 hours 

with Intermit tent  shaking. The supernatant l i q u i d  was analysed 

for  the cerium, s i l i c o n  and phosphorus contents by the standard 

spectrophotometric methods?-” 

t ab le  3. 

25 m l  each of the var ious mineral acids ,  

The r e s u l t s  are  summerised in 

For thermal s t a b i l i t y  tl-e exchanger was heated t o  d i f f e r e n t  

temperatures 

w4s determined a f t e r  cooling it t o  the room temperature. The i .e.c 

(m:equivalent g-’ j of the exchanger a f t e r  heating a t  various elevated 

temperatures 

0.62 (4OO0C), 

f o r  one hour each and the N a  ion-exchange capacity 

a re  : 1.40 (lOO°C), 1.21 (20o0C), 0.83 (3OO0C), 

0.43 (500°C), 0.31 (6OO0C), and 0.10 (8OOOC). 

pII-t i trations :- 

Topp and Pepper’*, the results being summarised i n  Figure -1. 

They were ca r r i ed  ou t  by the batch process of 
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SILICA BASED DOUBLE SALTS. I 1249 

TA3LE-3 : Solubi l i ty  of Cerium(1V. phosphosilicate i n  d i f fe ren t  
acids, bases and salts solutions.  

______---I--- 

Amount of different  components present i n  solution in(mg) 
-- - - -  __ ____- 

So lu t Ion Ce P si - ---- --__-I---___ -__-____ 
1M HIJ03 0.31 0.54 0.32 
2M HK03 1.60 2.10 1 a23 
bM HN03 3.42 5.60 5.20 
8M HN03 Par t ia l ly  dissolved. 
1P. 1 x 1  1 .?O 0.71 0.74 
2K H C 1  3.10 1.51 1.42 

8~ H C 1  Par t ia l ly  dissolved. 
0.w H2S04 0.80 4.10 3.20 
IN H2S04 1.71 5.00 4.60 
2M H2S04 Par t ia l ly  dissolved. 

1M HC104 0.22 0.25 0.20 
2M HC104 0.78 0.35 0.42 
4M HC1o4 0.96 0.70 0.68 
8M HC104 1.30 0.80 0.78 
bM CH3COOH 0.42 0.70 0.74 
41: HCOOH 0.53 1.40 1.38 
bN Cit r ic  Acid 0.N - 0.42 
2F! NH4N03 0.12 0.11 0.18 
2M KC1 0.41 0.70 0.48 

0 . 0 9  NaOH 0 1.57 1.24 
O.1M NaOH 0 3-90 2.89 

4M HC1 7.20 4.12 3.92 

2M NaN03 0 0.30 0.20 

0.0514 KOH 0 2.10 1.90 
0.1H KOH 0 4.20 3.94 
0.1M NHbOH 0 2.80 2.92 
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millicquivolrnt of Ohi ion oddrd 

? ) I  -ti tr a t lon curve s f o r  ce r  lwn ( IV p hos pho s i l l c a  t e  . 

IH and TGA Studies:- 

r e s u l t s  respect ively fo r  the exchanger. 

Figures 2 and 3 summarize the I R  and TGA 

Distr ibut ion Studies:- Molar d i s t r i b u t i o n  coe f f i c i en t s  f o r  

24 metal ions I n  nine solvent systems were determined by shaking 

F I G i l R E  -2: M Spectrum of Cerlum(1V)phosphosillcate i n  H+ form 
dried a t  65OC. 
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SILICA BASED DOUBLE 

FIGURE -3: 

SALTS. I 

I 

0 200 400 6 0 0  800 
T c m p r r o t u r r ( % )  

1251 

X A  Curves of Ceriwn(IV)phosphosilic3te. 

250 mg. of the exchanger for 4 hours w i t h  25 m l  of the solvent  

containing the metal not  more than 3$ of the total 1.e.c. All 

the metal ions,  except T i ( I V 1 ,  U 0 2 ( I I )  and Ag(I),present i n  the 

solut ion before and a f t e r  equillbriwn,were determined w i t h  EDTAI3. 

T i ( I V ) ,  U 0 2 ( I I )  and Ag(1) were determined spectrophotometrlcally 14-16 . 
The d i s t r i b u t i o n  coeff ic ients  (Kd i n  ml/g.) a r e  sunrmarlzed i n  

t ab le  4. 

a a r a t l o n s  a c h i e m  :- l g .  of the exchanger i n  H+ form was packed in a 

g la s s tube  of 1 . d ~  0 . 6 ~  and the mixtureof metal ions t o b e s e p a r a t e d  

was passed through i t  a t  a r a t e  rcl2-3 drops minute-’. 

e l u t i o n  was made with a su i t ab le  solvent  a t  a flow r a t e  o f w 0 . 5  ml 

minute-’ and the e f f l u e n t  was analysed for the metal ion by the 

The 
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1252 VARSHNEY AND PREMADAS 

TABLE -4: I(d values of metal ions on cerium(1V) phosphosil icate in 
di f fe ren t  media. 

-- -- - -- _-- _ - .  
Metal Water 0.01M 0.1M 0.01M 0 . l K  0.1M 0.1M 0.1M 0.1M 
Ion FINO 1QJ03 HC104 HC104 NI14N03 NaC104 HCOOII CH3COOH 3 

Mg(I1) 433 
Ca(I1) 2900 
Sr ( I1)  TA 
Ba(I1) TA 
Zn(I1) 1400 
Cd(I1) 3150 
FIg(I1) 43 
Pb(I1) T A  
Cu(1I) T A  
VO(I1) 400 
Mn(1I) 1400 
Ni(I1) 833 
CO(I1) 500 
Ag(1)  1600 
Fe(II1)  1200 
Al(II1) 1600 
Th(1V) TA 
Y(II1) TA 
La(II1) TA 
€io(III)  TA 
Gd(II1) 1900 
Kd(111) TA 
P m ( I I 1 )  TA 
Sm(II1) TA 

6 
11 
84 

129 
20 
20 

0 

360 
64 
0 

11 
16 
8 

32 
766 

56 
TA 

3500 
2900 
1400 

1275 
2600 
1600 
2200 

0 
0 
0 

45 
0 
0 
0 

15 
0 
0 
0 
0 
0 
4 

63 
4 

262 
0 

110 

120 
98 

138 
120 

145 

14 0 
50 0 

127 0 
450 72 
36 0 
30 0 
0 0 

1050 35 
68 0 
11 0 
20 0 

16 3 
54 35 
50 4 

1200 52 
38 0 
TA 625 

3500 0 

TA 290 
1650 150 
1900 133 
2160 113 

TA 110 
TA 125 

3 3 
15 9 
47 269 

129 175 
9 20 
8 12 
6 0 

1050 666 
23 30 
0 0 
7 0 

0 3 
59 50 
48 50 

225 205 
66 25 
TA TA 

620 1100 

50 275 
50 87 
40 328 
80 225 
67 115 
90 140 

60 
200 

392 
816 
130 
132 

0 
TA 

228 

3 
58 
55 

125 
725 
550 
38 
TA 
20 

290 
275 
114 
170 

400 
115 

220 
900 

1376 
TA 
650 
600 

1 4  
T A  

1975 
11 

230 
180 
350 

TA 
1200 

150 
TA 

350 
TA 

500 
1900 

TA 
TA 
TA 

methods used I n  the d is t r ibu t ion  s tudies .  T h e  separation limits 

were determined by varying the amounts of loading. The d e t a i l s  

are sumtnarised I n  tab le  5 and f Ig .4 .  

drying temperature on the nature of e lut ion,  the samples heated 

to looo, 200' and 300°C and cooled to  room temperature were used 

To study the e f f e c t  of 
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F i g .  4 ( a )  

FIGURE -&(a)& , ieparation of m e t 4  ions  on Cer~um(1V)phosnhosilIcate 
b(b) columns. 
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SILICA BASED DOUBLE SALTS. I 1255 

for the e lu t ion  of Cu(I1) a s  shown i n  fig.5.  The e l u t i o n  

behaviour of the mater ia l  f o r  Cu(I1) ion was a l s o  s tudied a t  

100°C working temperature by e lu t ing  the metal ion with a h o t  

e luan t  (lOO°C) through i t s  column surrounded by a steam jacket .  

The main features  of t h i s  study a re  

(1) The synthesis of a reproducible and s t a b l e  ion-exchange 

mater ia l  and 

(11) The separation of metal ions on i t s  column 

A continuous s t i r r i n g  of tho so lu t ion  during mixing and 

the maintanence of &I elevated temperature a re  probably e s s e n t i a l  

f o r  the reproducible bheaviour of the exchanger. These f a c t o r s  a re  

helpful  f o r  a uniform phosphotlzatlon as Is evident from the f a c t  

t h a t  a sample prepared a t  room temperature ( 3 O o C )  and without 

much s t i r r i n g  did not  possess good reproducibi l i ty .  The mater ia l  

o 2 0  4 0  60 a0 90 
Volumr o l  r l l l u r n t  ( m l )  

.<liition of Cu( 11) on Cerium(IV)-Plios~hos.ilicate 
dried n t d i f f e r e n t  temperatures. 
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1256 VARSHNN AND PREMADAS 

shows a composition 2:5:4 f o r  Ce; S i  and P.  

phosphate17 has a l s o  been reported to have the  composition 1:2 

f o r  C e  and P. 

frequenciesrY 400, N 600, 1100,-1600 and r~ 3600 an-'. The 

f i r s t  pe,& represent  the presence of Ce-0 bondings while the 

second one ind ica t e s  the Y i - 0  s t r e t c h i n g  v ib ra t ions .  The 

Crys t a l l i ne  cerium(IV) 

The IR spectrum (Figure-2) shows peaks a t  the 

presence of phosphate groups (PO<, 3 I I u O t -  H2POC i s  indicated by 
the the peak a t  1100 cm" while that of water of c r y s t a l l i s a t i o n  

i s  shown by the l a s t  two p e a s .  18 

Figure-3 shows the TGA curves fop the exchanger i n  the :I+ 

and Na+ forms. 

H+ form experlencss a high weight loss than I n  the Na+-form 

which i s  obvious because of' the  presence of a l a r g e r  number 

of protons a t  i t s  exchange s i t e s  as compared t o  the l a t t e r .  

The sample dr ied a t  65% shows a total weight loss a t  400°C 

as  N 32% while the one dr ied a t  20OoC shows a weight loss a t  

t h i s  temperature to be N 23$ .  It i s  possible  t h a t  when the 

sample i s  heated a t  200OC i n  an a i r  oven f o r  1 hour the weight 

loss i s  due to  bath the removal of the ex te rna l  water molecules 

and some condensation. The ex te rna l  w7ter molecules are regained 

from the atmosDhere during cooling to the room temperature. While 

the loss due to condensation process I s  not  completely regained. 

This may be the reason for a discrepancy obtained i n  the weight 

loss  i n  the s m p l e s  a t  bOO°C, a temperature where 

condensation m l g k t  h?ve taken place. 

As it is c l e a r  from t h i s  fugure the exchanger in 

complete 

The m a t e r l d  i s  a monofunctional ion-exchanger as Indicated 

by i t s  pH-ti tr3tion curve (f igure-1) .  

replaceable a t  P U N  7 according to t h i s  figure a re  s l i g h t l y  

greiz;er than t h e  i .e .c  obtained byf the c o l m  process. I t  

r e t a i n s  an apiireciable i.e.c (0.62 m.aquivalent g - l )  even a f t e r  

hentlhg a t  400% f o r  1 hour i n  con t r a s t  to the reported behaviour 

The m-equivalent of H+ 
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of c e r i c  ~ h o s p h a t e ? ~  

s t a b l e  chemically i n  mineral ac ids  upto 

dissolves  P a r t i a l l y .  Sulphuric acid a t t acks  more than the o the r  

acids.  In  a lka l ine  medium it appears to be more s t a b l e  than the 

titnnium ~ h o s p h o s i l i c a t e ~  which reportedly dissolves  appreciably 

i n  a 0. lM NaOH solut ion.  Cerium( IV) phosphosil icate prepared 

i n  these s tud ie s  therefore seems to be more s t a b l e  than the 

o the r  s imilar  salts. The Kd values obtained f o r  the dlvalents  

metals decrease in general with the Increase i n  the H+ ion 

concentration. 

shows a negligibJe Kd value f o r  all metal ions except a few such 

a s  P b ( I I ) ,  Fe(TTI), R a ( I I ) ,  Th(IV) m d  lanthanides.  The 

s e l e c t i v i t y  sequence f o r  a lka l ine  e a r t h  metals i s  a s  Ba>Sr > 
Ca>I.lg. On t i i s  basis Mg(II)  has successful ly  been separated 

from Ba(I1). Other separations achieved a re  shown i.n the f igu re  4 

and the d e t a i l s  summarized i n  table-5. In formic and a c e t i c  acid 

media t i e  exchanger shows a higher Kd value probably due t o  the 

weak protonation of these acids .  The separations achieved a re  

important from the ana ly t i ca l  and i n d u s t r i a l  points  of view. 

They a re  p a r t i c u l a r l y  important f o r  the analysis  of alloys such 

as f e r ron icke l  and ferromanganese and the limits of separat ions 

resemble closely w i t h  the metal concentration i n  these alloys. 

A s  the table-5 sug:;:ests the r e s u l t s  are  precise  and lie within 

the experimental e r r o r  in all cases. The separations are 

reproducible and sharp as indicated i n  figure-4. The r a t e  of 

As the t a b l e  3 shows the exchanger i s  

beyond which it 

I n  0.lN HN03 and IiCIOb solut ions the ma te r i a l  

e l u t i o n  decreases on a mater ia l  heated a t  a h i g h  temperature 

(Figure 5a),  a belinviour s imi l a r  t o  t h a t  of zirconiumphosphate. 20 

However a working tempernture of 100°C shows an improvement i n  

the e l u t i o n  of Cu2+ on CPS. In t 19s behaviour it resembles 
21 with the Ion-exchange resins .  
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