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ABSTRACT:Zirconiumcerium(IV) arsenotungstate(ZrCeAsW), a mixed material of the class 

of tetravalent bimetallic heteropoly acid salt was prepared and characterized by FTIR, 

TGA/DTA, XRD and SEM-EDS. The sample in its protonated form is subjected to various 

ion exchange studies like chemical resistivity, ion exchange capacity, pH titration curve, 

effect of temperature on IEC, distribution coefficients etc. Sodium exchange capacity was 

found to be slightly less (1.21meq/g) comparable to its parent form cerium 

arsenotungstate(CeAsW,1.35meq/g). Distribution studies reveals that selectivity order of 

ZrCeAsW has been changed as of CeAsW and it shows high affinity towards Bi
3+

 ions. The 

analytical importance of the material was explored by the comparative study of its catalytic 

activity towards methyl orange degradation with that of CeAsW. ZrCeAsW shows enhanced 

decolourisation power as CeAsW and can be used as efficient inorganic catalyst for hazardous 

waste remediation. 

Key words:Heteropoly acids, Ion exchange capacity, pH titration curve, Distribution 

coefficients, catalytic activity etc. 
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INTRODUCTION 

 Inorganic ion exchangers have found wide application in analytical chemistry apparent 

of their enthused characteristic such as stoichiometric exchange, unique selectivity for certain 

metal ions, specificity, radiation, chemical and thermal stability and applicability to column 

operations etc. Amongst the synthetic inorganic ion exchangers, tetravalent metal acid (TMA) 

salts are most attractive owing to their superior thermal stability and chemical resistivity [1-

3].Bimetallic materials of this class with different cation substitution are of interest because 

they showed enhanced selectivity for particular metal ions in comparison to their single salt 

counter parts. Heteropoly acid salts of tetravalent metal ions have been extensively studied [4-

6]. Since cation substitutions modify the properties, composition and dimensions of the 

structure, we synthesized new mixed materials of the type bimetallic salts of heteropoly acids 
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in order to explore their utility as inorganic cation exchanger and its catalytic action towards 

dye degradation. 

 Industrial raw waste usually contains the heavy metals and a large number of potentially 

harmful organic compounds. Therefore wastewater treatment is becoming increasingly 

significant these days. In recent years, inorganic ion exchangers are largely used for the 

recovery of metals from industrial wastes [7-8], for the catalysis of organic reactions [9-11] 

and for the treatment of dye effluents from textile industry [12-13]. So increasing interest in 

this research field caused synthesis and applications of many novel materials as efficient 

inorganic cation exchangers.   

 In our earlier papers in this cerium based ion exchanger series [14-16], the synthesis, 

chemical composition, pH titration studies and some ion exchange properties of cerium (IV) 

arsenomolybdate, cerium(IV) arsenotungstate and cerium (IV) arsenovanadate were studied. 

Inorganic ion exchangers based on zirconium are normally found to have better chemical and 

thermal stability compared to other materials of this class in addition to their potential ion 

exchange behavior for certain metal ions. So synthesis of mixed materials with zirconium as 

one of the components will certainly widen the properties of their single metallic salts of 

Heteropoly acids. Hence bimetallic acid salts of heteropoly acid, ZirconiumCerium(IV) 

arsenotungstate was synthesized to obtain materials of enhanced properties and they are 

characterized by various techniques like FTIR, XRD, TGA, SEM-EDS etc. Some of the 

applications of these materials in removal of dye from waste water were also studied in 

comparison with Cerium(IV) arsenotungstate(CeAsW). 

 MATERIALS AND METHODS 

Materials: Zirconium oxychloride(E.Merck), Ammonium ceric(IV) nitrate(E.Merck), sodium 

tungstate(E.Merck) and sodium arsenate(Loba Chemie,India) were used for the synthesis of 

the exchanger. Methyl orange dye solutions were prepared by dissolving the dye in deionised 

water. All other reagents and chemicals used were of analytical grade. 

 

Instrumentation:ELICO LI613 pH meter was used for pH measurements and an electric 

thermostat oven was used for heating the sample at various temperatures. UV-Visible 

spectrophotometer model JASCO V660 was used for spectrophotometric measurements. 

FTIR spectrometer model Thermo Nicolet Avtar370 for IR studies, X-ray diffractometer 

BrukerAXS D8 Advance for X-ray diffraction studies, Perkin Elmer Diamond TG/DTA 

Analysis System for thermal analysis and an electric shaking machine for shaking were also 

used. Chemical composition was determined using EDS. 

 

Synthesis of the exchanger:Different samples were prepared by adding a mixture of 0.05M 

zirconium oxychloride solution and 0.05M Ammonium ceric(IV) nitrate solution to a mixture 

of 0.05M sodium arsenate solution and 0.05M sodium tungstate solution, in different volume 

ratios with intermittent shaking of the mixture and keeping the pH at 1.0 as given in table 1.It 

was then filtered, washed with deionized water and dried. The exchanger was then converted 

in to the H
+
 form by treating with 1M nitric acid for 24 hrs with occasional shaking and 
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intermittent changing of acid. It was then washed with deionized water to remove the excess 

acid, dried and sieved to obtain particles of 60-100 mesh. 

 

Ion exchange capacity:The IEC of the material was determined by the column process [13]; 

1.0 g of the exchanger (H
+
 form) was packed in a glass column of 1.1cm diameter. The H

+
 

ions were eluted by adding 100ml of 1M sodium chloride solution. The effluent was collected 

and titrated against standard sodium hydroxide solution. The exchange capacity in meq/g was 

calculated using the formula: 

 

IEC =
𝒂𝒗

𝒘
 

 Where ‘a’ is the molarity, ’v’ is the volume of alkali used during titration and ‘w’ is the 

weight of the exchanger taken. 

 

pH titration:Topp and Pepper method [14] was used for pH titration using NaOH/NaCl, 

KOH/KCl systems. 0.5g of exchanger was equilibrated with varying amounts of metal 

chloride and metal hydroxide solutions. After equilibrium the pH of each solution was 

measured and plotted against milliequivalents of OH
-
 ions. 

 

Chemical stability:The chemical stability of the exchanger was assessed in mineral acid like 

HCl, HNO3, and H2SO4, bases like NaOH and KOH and organic solvents like acetic acid, 

acetone, ethanol and diethyl ether. For this 500mg of the exchanger was kept separately in 

50ml of different solvents at room temperature for 24 hours. The change in colour and weight 

were noted. 

 

Effect of temperature 

The effect of temperature on ion exchange capacity was studied by heating several 1g sample 

of the exchanger at different temperatures for three hours in an air oven and Na
+
 ion exchange 

capacity in meq g
-1

 was determined by the column method after cooling them to room 

temperature. 

 

Distribution studies (Kd):Distribution studies were carried out for various metal ions in 

demineralised water by batch process. In this process 100mg of the dry exchanger in H
+
 form 

were equilibrated with 20ml of different metal ion solutions and kept for 24 hours at room 

temperature. The determination before and after equilibrium were carried out volumetrically 

using EDTA as the titrant. The Kd values as depicted in Fig 5, were obtained by the formula: 

 

Kd = 
𝐼−𝐹

𝐹
 ×

𝑣

𝑤
 

 

 Where ‘I’ is the initial volume of EDTA used, ’F’ is the final volume of EDTA used; 

‘V’ is the volume of the metal ion solution and ‘W’ is the weight of the exchanger. 

 

Degradation studies:The degradation of methyl orange (MO) was studied in the presence of 

ZrCeAsW and CeAsW cation exchangers.  30ppm solution of MO dye was prepared in 

deionised water and was diluted as and when required. The catalytic degradation was 
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observed upon addition of 0.30 g of each material to the dye solution at room temperature. To 

determine the percentage of dye degradation, the samples were collected at regular intervals 

and centrifuged to remove the fine particles. The sample absorbance at λmax = 463 nm was 

measured using UV-Vis DRS as reported earlier [14]. Degradation efficiency was determined 

using Beers law by knowing absorbance of initial dye solutions (A0) and after a specific time 

(At). 

                                       Degradation = [1 − (Ct/C0)] = [1 − (At/A0)] 

 

 

 

Results and Discussion 

 The result from the sodium ion exchange capacity of various samples of 

Zirconiumcerium(IV) arsenotungstate are presented in table 1.Ion exchange capacity and 

chemical stability seem to be much higher for sample ZrCeAsW5 and, therefore, this sample 

was chosen for detailed studies. Ion exchange capacity of the material was found to be 

slightly less than that of CeAsW(IEC=1.35meq/g). Elemental composition of the sample was 

determined from EDS. The composition of the ZrCeAsW was found as Zr: Ce: As: W; 1.08: 

1.58: 1.45: 1. 

 

Table1.Conditions of synthesis and properties of different samples of ZirconiumCerium(IV) 

arsenotungstate. 

 

 

sample 

  

Molar conc.(M) 

 

Volume 

mixing 

ratio 

 

 

pH 

 

 

Appearance 

 

 

I.E.C(meq/g)  

Zr 

 

Ce 

 

As 

 

W 

ZrCeAsW1 

ZrCeAsW2 

ZrCeAsW3 

ZrCeAsW4 

ZrCeAsW5 

ZrCeAsW6 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

1:1:1 

1:2:1 

1:1:2 

1:1:3 

1:3:1 

1:2:3 

1 

1 

1 

1 

1 

1 

Orange glassy solids. 

Orange glassy solids. 

Orange glassy solids. 

Orange glassy solids. 

Orange glassy solids. 

Yellow glassy solids. 

 

1.05 

0.97 

0.83 

1.02 

1.21 

1.08 

 

 The pH titration curve (Fig 1) shows that the ion exchange material releases H
+
 ions 

easily on addition of NaCl and KCl solution to the system in neutral medium. Further, the 

titration curve explained the bifunctional behavior of the exchanger. The IEC calculated from 

the titration curve of exchanger which is in close agreement to those obtained by the column 

method. 
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Fig 1: pH titration curve of ZrCeAsW 

 The effect of heating on IEC of ZrCeAsW has been compared with that of similarly 

heated CeAsW. It is clear from fig 2(a) that in comparison with other ion exchanger, 

ZrCeAsW shows highest retention competency even though CeAsW exhibits slightly higher 

IEC than ZrCeAsW. This implies the better thermal stability of the material than CeAsW. The 

effect of Zirconium insertion on CeAsW can modify the stability of the material and this can 

be realized from their TG analysis.  

 

 
Fig 2: (a) Effect of IEC on temperature, (b) TG analysis of CeAsW & ZrCeAsw 

 

 The thermogram of these two materials (Fig2(b)) reveals some significant informations. 

The first weight loss observed up to 100˚C indicates the presence of hydrated water. A 

gradual weight loss observed up to 300
o
C is due to the condensation of exchangeable 

hydroxyl groups which is the usual behavior of inorganic ion exchangers [17, 18]. No sudden 

change in weight indicates the stability of the compounds. The total weight loss up to 800
o
C 

for CeAsW is about 26% and that of ZrCeAsW is 23%. 
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 FTIR spectra (Fig3(a) shows broad band in the region ~3405 cm
-1

 attributed to 

symmetric and asymmetric –OH stretching[19]while band at 1618 cm
-1

 is due to H-O-H 

bending. Sharp band at 1373 cm
-1

 was due to deformation vibrations of metal hydroxyl groups 

and interstitial water. A peak in the region 812 cm
-1

 is attributed to metal oxygen vibrations 

[20, 21]. 

 
Fig3: (a) FTIR spectrum of ZrCeAsW, (b) X- ray ananlysis of ZrCeAsW 

 

X-ray diffraction pattern of ZrCeAsW in H
+
 form reveals the information that the exchanger 

is amorphous (Fig 3(b)).  SEM image of ZrCeAsW (Fig 4) reveals that the particles having an 

irregular shape and there is no sign of crystalline structure and these observations strongly 

support the amorphous nature of the material. 

 

 
 

Fig 4: SEM image of ZrCeAsW 

 

Distribution studies of metal ions on ZrCeAsW were compared with that of CeAsW(Fig 5 ). 

The selectivity order varied from that of CeAsW. Selectivity of ZrCeAsW was found to be in 
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the order Bi
3+

>Pb
2+

> Ca
2+

> Mn
2+

> Co
2+

> Zn
2+

> Mg
2+

> Hg
2+

> Ni
2+

. The distribution studies 

showed that the exchanger has very high affinity towards Bi
3+

, Pb
2+

and Cu
2+

 ions in 

comparison to other metal ionsstudied. The results show that the ion exchanger can be used 

for the removal of these metal ions from wastewater. 

 

 
 

Fig 5: Distribution studies of metal ions 

 

Degradation of methyl orange on ZrCeAsW 

 

 Earlier we studied and reported that some cerium containing inorganic ion exchangers 

exhibits degradation efficiency towards various harmful organic dyes in water [14, 15]. So 

here we considered and evaluated the capacity of zirconium inserted cerium based inorganic 

material towards removal of complex dyes like methyl orange with its parent form CeAsW.  

ZrCeAsW &CeAsW show very good visible result with removal of orange red colouration of 

dye solution and gave about 90-95% degradation at pH 6.0 after 6 hours. Original peaks at 

463nm for MO dye get departed and no new peaks were observed after the catalytic 

degradation. The UV-Visible Diffuse Reflectance spectrum of each samples of ZrCeAsW & 

CeAsW collected from MO dye solutions after equilibrium shows close agreement with the 

spectrum of pure samples. These results point out the strong catalytic ability of materials due 

to the oxidizing power of heteropoly acid units and electron exchange character of Ce. 

 

 
Fig 6: Degradation studies of MO on CeAsW & ZrCeAsW 
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 The Fig 6 shows, the rate of degradation with ZrCeAsW is slightly less than that with 

pure CeAsW. However the material also exhibit significant degradation power towards MO 

(91% after 6hours). Since the thermal stability of the material is superior to CeAsW, the 

zirconium containing material, ZrCeAsW can be used as an alternate catalyst in dye 

degradation reactions at desired temperatures. It is also easy to separate the catalyst for 

recycle uses after the reaction is completed, and almost identical dye conversions are achieved 

in the third runs (Fig 7) suggesting that the catalytic activity of ZrCeAsW is stable under 

room temperature. 

 
Fig 7: Recycling power of ZrCeAsW in MO degradation 

 

Conclusion 

 ZrCeAsW exhibit good ion exchange characteristics, thermal stability and chemical 

resistivity. The excellent feature of this material is their high affinity towards bismuth and 

lead ions, hence can be used for the removal of bismuth and lead from polluted water. 

Moreover this material can be used as an efficient catalyst for the removal of harmful organic 

dyes such as MO from aqueous solution. Thus ZrCeAsW exhibits the characteristics of a 

potential ion exchange material in the area of separation science and waste water treatment. 
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