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ABSTRACT  

 A new composite cation-exchanger has been synthesized via co-precipitation method. It 

was characterized on the basis of FTIR, XRD, TGA and SEM. The structural studies reveal 

semi-crystalline nature of the material. The effect of temperature on the ion exchange 

capacity, effect of eluent concentration, elution behaviour was studied. The hybrid material 

exhibits improved thermal stability, higher ion-exchange capacity and better selectivity for 

toxic heavy metal ions. Sorption behavior of metal ions on the material was studied in 

different solvents at different concentration. The distribution coefficient of different metal 

ions on exchanger is in the following order; Pb(II) > Cd(II) > Zn(II) > Co(II) > Al(III) > 

Ni(II) > Mn(II) > Ca(II) > Mg(II) > Bi(III) > Cu(II) > Hg(II). The cation exchanger was found 

to be selective for Pb
II
 and Cd

II
 ions. Some analytically important binary separation was 

carried out using this exchanger. Separations of heavy metal ions from synthetic mixtures as 

well as industrial effluents were achieved with the exchanger. 
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INTRODUCTION  

Water pollution caused by heavy metal ions from various industrial effluents is serious 

threat to the living world [1]. These metals when present beyond the certain concentration are 

not only toxic but also can lead to serious health problems [2]. So every care should be taken to 

treat wastewaters before flowing into public sewage, rivers and on land to prevent 

environmental pollution. Therefore, it is big deal to develop appropriate method for the 

removal of metal ions to decrease the pollution load on the water system. For this purpose, 

various competent technologies have been developed for the removal of these metals from 

polluted water such as solvent extraction, membrane process, precipitation, adsorption and ion-

exchange [3-6].  



International Journal of Advanced Scientific and Technical Research                     Issue 4 volume 3, May-June 2014 

Available online on   http://www.rspublication.com/ijst/index.html                                                    ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 736 
 

However, an ion-exchange technique has been widely adopted in the removal and 

determination of heavy metal ions in wastewater because of its simplicity and low operation 

cost. The materials used as ion exchangers have attained an appreciable status in current 

research and become a part of a number of laboratories and industrial units. Organic as well as 

inorganic ion-exchange materials have been frequently used in environmental pollution 

remediation and exhibited merits and demerits over one another. Due to these, researchers 

prompted to exploit new organic–inorganic composite cation-exchangers which can cope with 

difficulties suffered by both organic and inorganic ion exchangers [7-11]. In view of the above 

mentioned facts, an organic–inorganic composite cation-exchanger tin(IV) 

sulphosalicylomolybdate was prepared and characterized for ion exchange properties to explore 

the utility of this material in the environmental remediation. 

MATERIALS AND METHODS  

 

Materials: Stannic chloride (E.Merck), Sodium molybdate (E.Merck), and 5-sulphosalicylic 

acid (Loba Chem) were used for the synthesis of the exchangers. All other reagents and 

chemicals used were of analytical grade.  

 

Instrumentations: A glass column was used for column operations. FT-IR Spectrometer 

model Thermo-Nicolet Avtar 370 for IR studies, X-ray Diffractometer Bruker AXS D8 

Advance for X-ray diffraction studies, JEOL Model JSM - 6390LV for scanning electron 

microscopic analysis, TG Perkin Elmer Diamond TG/DTA Analysis System for 

thermogravimetric/ derivative thermogravimetric analysis were used.  

 

Synthesis: The precipitate of tin(IV) sulphosalicylomolybdate (TSM) was prepared by adding 

gradually the solution of 0.1 M stannic chloride into the mixture of 0.05 M 5-sulphosalicylic 

acid and 0.05 M sodium molybdate solution with constant stirring at room temperature for 1 hr 

whereby a gel type slurry was obtained. The resulting precipitate was kept overnight in the 

mother liquor for digestion. After decanting off the supernatant liquid, the remaining precipitate 

was washed and filtered with demineralized water to remove any excess reagent. The material 

was dried in an oven at 50 ± 2
◦
C. In order to convert the material in H

+
 form, it was 

subsequently treated with 1.0 M HNO3 solution for 24 hrs with occasional shaking 

intermittently replacing the supernatant liquid with fresh acid. The excess of acid was removed 

by washings with demineralized water and finally dried in an oven at 50 ± 2
◦
C. The material 

was sieved and kept in a desiccator.  

 

Ion exchange capacity: The ion exchange capacity of the material was determined by column 

method [12] and the effect of temperature on ion exchange capacity was studied.
 
The chemical 

resistivity of the sample was assessed in mineral acids like HCl, HNO3 and H2SO4, bases like 

NaOH and KOH and organic solvents like acetic acid, acetone, ethanol and diethyl ether. For 

this, 0.5 g of the sample was soaked in 50 mL of different solvents, kept for 24 hrs and changes 

in colour, nature and weight of the sample were noted. To find out the optimum concentration 

of the eluent for complete elution of H
+
 ions, a fixed volume (100 ml) of NaCl solution of 

varying concentrations was passed through a column containing 1.0 g of the exchanger in the 

H
+
 form with a flow rate of 0.5 ml min

-1
. The effluent was titrated against a standard alkali 

solution of 0.1 M NaOH for the H
+
 ions eluted out. Since an optimum concentration of 1.0 M 
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NaCl for a complete elution of H
+
 ions was observed for sample, a column containing 1.0 g of 

the cation-exchanger in H
+
 form was eluted with NaCl solution of this concentration in 

different 10 ml fractions with minimum flow rate as described above. Each fraction of 10 ml 

effluent was titrated against a standard alkali solution for the H
+
 ions eluted out to find out the 

elution behavior. 

 

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

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

chloride and metal hydroxide solutions. At equilibrium (after equilibration), pH of the solutions 

was measured and plotted against the milliequivalents of OH
- 
added. 

 

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

demineralized water by batch process [12, 14]. The effect of temperature on distribution value 

of metal ions was studied. The distribution value of different metal ions on exchanger which 

heated at different temperature (100 °C, 200 °C, 300 °C, 400 °C and 500 °C) had been also 

investigated.  

 

Binary separations: Quantitative separations of some important metal ions were achieved on 

tin(IV) sulphosalicylomolybdate columns. 1.0 g of exchanger in H
+
 form was packed in a glass 

column (0.5 cm, internal diameter) with a glass wool support at the bottom. The column was 

washed thoroughly with demineralized water and the mixture of two metal ions (each with 

initial concentration of 0.1 molL
−1

) was loaded onto it and allowed to pass through the column 

at a flow rate 5–20 drops min
−1

 until the level was just above the surface of the material. The 

process was repeated twice or thrice in order to ensure the complete sorption of metal ions on 

the bead. The separation of metal ion was achieved by collecting the effluent in 10 ml fraction 

and titrated against the standard solution of di-sodium salt of EDTA (0.01 mol L
−1

). 

 

Waste water treatment: Industrial wastewater was collected from battery industries. Samples 

were first filtered to remove any solid particles and then it was neutralised. The colour 

producing substances were removed by adsorption using charcoal. The treated samples were 

the chemically treated for the detection and separation of any heavy elements presents. 100 ml 

of the sample was passed and repeated 3-4 times using effluent collected at the bottom. This 

was for the maximum uptake of cation. Care was taken to restrict the flow by 0.5 ml/minutes. 

The eluent used for Pb(II) and Cd(II) was 0.5 M HNO3. Finally the ions were eluted out using 

respective eluents and then determined titrimetrically with EDTA solution.  

 

Results and Dsicussions 

 

The exchanger, tin(IV) sulphosalicylomolybdate (TSM) obtained as greenish white 

solid having Na
+
 ion exchange capacity of 0.89 meqg

-1
 at room temperature was selected for 

detailed study. Ion exchange capacities for mono (alkali) and bivalent (alkaline earth) metal 

ions have been studied for finding out the effect of the size and charge of the exchanging ion on 

the ion exchange capacity (Table 1). The ion-exchange capacity of the composite cation 

exchanger for alkali metal ions (except Na+) and alkaline earth metal ions increased according 

to the decrease in their hydrated ionic radii. The reusability of exchanger was investigated after 

regenerating this ion exchange material by keeping it overnight in 1.0 M HNO3. It was 
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observed that the ion exchange capacity decreased about 30 % of its original ion exchange 

capacity after reuse for four times. It confirmed that tin(IV) sulphosalicylomolybdate has a 

good reusability. 

 

Table 1. Effect of hydrated ionic radii and charge on IEC 

Metal ion Hydrated ionic radii 

(A°) 

IEC (meqg
-1

) 

Li(I) 3.40 0.96 

Na(I) 2.76 0.89 

K(I) 2.32 0.74 

Mg(II) 7.00 0.68 

Ca(II) 6.30 0.54 

Ba(II) 5.90 0.37 

 

 It was observed that on heating at different temperatures for 2 hrs, the ion-exchange 

capacity of the dried sample material was changed as the temperature increased as shown in 

Figure 1. The composite cation-exchange material was found to possess higher thermal stability 

as the sample maintained about 40.4% of the initial mass by heating up to 300 °C. However, in 

respect to ion exchange capacity, this material was found to possess higher thermal stability as 

the sample maintained 85.5% of the ion-exchange capacity up to 100 °C.  

 

 
Fig 1: Effect of temperature on IEC 

 

 Tin(IV) sulphosalicylomolybdate was found reasonably stable in some organic solvents 

(ethanol, acetonitrile), acids (HCl, HNO3, H2SO4) and bases (sodium hydroxide, potassium 

hydroxide) up to 1.0 M. Thus, the exchanger was chemically resistant to these solvents and 

could be successfully used with these solvents in column operation. 

 The FTIR spectra showed (Figure 2a) a broad band in the region 3500–3200 cm
−1

 

confirming the presence of –OH group in the exchanger. The band with a maximum at ~1619 

cm
−1

 may be due to the C-O stretching of sulphosalicylate molecule [15]. A cluster of band in 
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the region of 500 cm
-1

 to 900 cm
-1

 indicates the presence of metal oxygen bond present in the 

system.  

X-ray diffractogram (Figure 2b) shows some prominent peaks together with a number 

of low intensity peaks at different 2ϴ values which implies the semi-crystalline nature of the 

composite material. Scanning electron microscopy (SEM) study was performed to examine the 

surface morphology of composite material. SEM photograph of TSM depicted its irregular 

shape (Figure 2d) and the rough surface with pleats.  

The thermogram of TSM (Figure 2c) showed that the weight loss (about 12%) of the 

ion exchanger up to 150 °C is due to the removal of free external water molecules [16]. Further, 

a gradual loss of mass (about 7%) up to 400 °C may be due to the condensation of hydroxyl 

groups along with the slight degradation of organic part. Above 400 °C there was no observable 

weight loss up to 800 °C which confirm its thermal stability.  

 

 
                            Fig 2: a. FT-IR, b. XRD , C. TGA and d. SEM image of TSM 

 

 The pH-titration curves of tin(IV) sulphosalicylomolybdate were obtained under 

equilibrium conditions with NaOH/NaCl and KOH/KCl. The functionality of the ion-exchanger 

was determined with the help of these curves. However, it is a general observation that the 

shape of the titration curves and the functionality depend upon the time of contact of the 

solution containing OH
−
 ions with the ion exchanger until equilibrium is obtained. Sometimes 

the system takes several days if it is at room temperature with intermittent shaking. In the 

present case, for attaining equilibrium almost 3 days was taken which is close agreement with 

the above mentioned factor. The functionality of the systems was observed to be bifunctional in 

nature as shown in Figure 3 with strong – and weak –acidic groups which confirmed by steps 
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appeared in the figure. This showed that the composite material is a strong cation-exchanger as 

indicated by a low pH (∼2) of the solutions, when no OH
−
 ions were added to the system. On 

the other hand, the weak acidic groups are undissociated and thus inactive at this low pH. With 

the addition of NaOH, the solution is progressively neutralized and at the same time the ion-

exchange is driven to completion. Thus, the pH titration curve of this ion-exchanger showed a 

gradual rise in pH at the early stage of titration and a steep rise at the point of complete 

neutralization of the cation-exchanger i.e. strong acidic groups of the composite cation-

exchanger are completely converted to the Na
+
 form. Thus, the maximum capacity (theoretical 

capacity) of the strong acidic groups of the composite was calculated as 0.89 meqg
-1

, from the 

amount of titrant added up to the point where the steep rise in the pH occurs i.e. at equilibrium.  

 

 
Fig 3: pH titration curve of TSM 

 

 The column elution experiment indicated a dependence of the concentration of the 

eluent on the rate of elution, which is a usual behavior, for such materials. A maximum elution 

was observed with the concentration of 1.0 M NaCl as indicated in Figure 4a. The elution 

behavior of the exchanger (Figure 4b) reveals that the rate of exchange is quite fast as only 100 

mL of NaCl solution (1.0 M) is sufficient for almost complete elution of H
+
 ions from the 

column containing 1.0 g exchanger. Hence, fast kinetic would facilitate the operation of the 

column for the separation of metal ions.  

 
Fig 4: a. Effect of eluent concentration on ion-exchange capacity, and b. Elution behavior of 

TSM 
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 In order to explore the potentiality of the new hybrid cation-exchange material in the 

separation of metal ions, distribution studies for metals ions were performed in different solvent 

systems (Figure 5). It is clear from the data given in Figure 5 that the Kd values vary with the 

composition and nature of the contacting solvents. The selectivity for metal ions is in the order 

of Pb(II) > Cd(II) > Zn(II) > Co(II) > Al(III) > Ni(II) > Mn(II) > Ca(II) > Mg(II) > Bi(III) > 

Cu(II) > Hg(II).  It was observed from the Kd value studies that the uptake of Pb(II) and Cd(II) 

is exceptionally high in all solvents, while the remaining metal ions are poorly sorbed. Thus, 

the composite cation-exchanger can be very well utilized for the separation of lead and 

cadmium ions from waste effluents. The temperature effect on Kd value showed that the Kd 

value was not changed even after high temperature treatment with the exchanger. While 

considering the IEC value it was slightly decreasing with temperature. Even though the 

retaining of Kd value of exchanger may be due to the structural change of the material with the 

organic part present on it. Due to the slight decomposition of the organic part may help to 

develop the pore in the surface of the exchanger. So on higher temperature treated exchanger; 

adsorption may also play the major role for the separation of metal ions. 

 

 

 
Fig 5: Kd values of various metal ions in different electrolyte 

 

 

The separation capability of the material has been demonstrated by achieving some 

analytically important binary separations of some important metal ions viz. Cu(II)–Pb(II), 

Hg(II)–Pb(II), Cu(II)–Cd(II) and Hg(II)-Cd(II) (Table 2). Table 2 summarizes the salient 

features of these separations. The separation was based on sequential elution of ions through 

the column depending upon the metal-eluting ligand (eluent) stability. It was also observed that 

Pb(II) as well as Cd(II) retained strongly on the cation-exchanger column. The weakly retained 

metal ions get eluted first, followed by the stronger one. It is evident from data that the 

separations are quite sharp, quantitative and reproducible. 
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Table 2. Binary separation of metal ions on TMS 

 

The practical utility of the composite material was demonstrated by separating lead and 

cadmium from synthetic mixtures (Table 3 & 4) as well as from paper and battery industrial 

wastes water respectively (Table 5). 

 

Table 3. Selective separation of Pb(II) from synthetic mixtures containing Pb(II), Cu(II) [2.57 

mg], Mg(II)
 
[2.97 mg], Hg(II) [4.70 mg] and Ni(II) [1.93 mg] 

Amount of metal 

ion loaded (mg) 

Amount of 

metal ion found 

(mg) 

Recovery 

(%) 

Eluent used Volume of 

eluent (mL) 

4.10 4.03 98.29 0.5 M HNO3 70 

3.92 3.85 98.21 0.5 M HNO3 50 

 

 

Table 4. Selective separation of Cd
II
 from synthetic mixtures containing Cd(II), Cu(II)

 
[2.57 

mg], Mg(II) [2.97 mg], and Hg(II) [4.70 mg] 

Amount of metal 

ion loaded (mg) 

Amount of 

metal ion found 

(mg) 

Recovery 

(%) 

Eluent used Volume of 

eluent (mL) 

2.68 2.54 94.78 0.5 M HNO3 70 

2.29 2.16 94.32 0.5 M HNO3 50 

 

 

Table 5. Quantitative removal of Pb(II) from paper industry effluent and Cd(II) from battery 

industry using column of TSM 

Sample Metal Ion Eluent used  In 

mg/100mL 

Sample A Pb(II) 0.5 M HNO3 1.15 

Sample B Pb(II) 0.5 M HNO3 1.23 

Sample C Cd(II) 0.5 M HNO3 0.99 

Sample D Cd(II) 0.5 M HNO3 1.73 

 Around 1.0 mg/ 100mL lead and cadmium metal ions were separated from the paper 

and battery industrial effluents using TSM ion exchanger column. 

Separation 

achieved 

Eluent Metal ion (mg) % 

Efficiency Loaded Eluted 

Cu(II) 

Pb(II) 

0.1 M HNO3 

0.4 M HNO3+0.4 M NH4NO3 

2.50 

4.34 

2.48 

4.27 

99.20 

98.85 

Hg(II) 

Pb(II) 

0.1 M HNO3 

0.4 M HNO3+0.4 M NH4NO3 

5.03 

4.34 

5.02 

4.28 

99.80 

98.62 

Cu(II) 

Cd(II) 

0.001 M HNO3 

0.4 M HNO3+0.4 M NH4NO3 

2.50 

2.75 

2.47 

2.68 

98.80 

97.45 

Hg(II) 

Cd(II) 

0.001 M HNO3 

0.4 M HNO3+0.4 M NH4NO3 

5.03 

2.75 

5.01 

2.70 

99.60 

98.18 
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CONCLUSION  

 

Tin(IV) sulphosalicylomolybdate composite cation-exchanger showed high thermal 

stability with respect to the ion exchange capacity loss with increasing temperature. pH titration 

studies revealed a strong acidic nature. The distribution studies depicted that the material is 

highly selective for the Pb(II) and Cd(II). It is evident from the results that the quantitative and 

efficient separations of lead and cadmium from various metal ions are feasible on tin(IV) 

sulphosalicylomolybdate column. The selective behavior of this composite cation-exchanger is 

important from the environmental pollution chemistry point of view, where an effective 

separation method is needed for Pb(II) and Cd(II) from other pollutants. 
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