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Abstract

	 In this article, a review of hybrid inorganic-organic composite ion exchangers employed as 
ion sensors, photocatalysts, anti-microbial agents and in water remediation has been carried out. 
A detailed study of the synthetic procedures, characterization of various composite ion exchangers 
by different analytical techniques, ion exchange characteristics and their applications has been 
provided. The applications of the composite ion exchangers in the separation of metal ions, as ion 
selective electrodes, as photocatalysts in dye degradation and as antimicrobial agents have been 
reviewed extensively. 
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Introduction 

	 Inorganic ion exchangers possess several 
characteristic features which have led to their 
numerous applications in diverse fields. The most 
important property of inorganic ion exchangers 
is their stability at elevated temperatures and 
resistance to high radiation fields. Due to their rigid 
structure, the inorganic ion exchangers possess 
specific and unusual selectivity, and they do not 
undergo appreciable dimensional change during 
the ion exchange process1. Initially, the hydrous 
oxides were studied extensively since they sorbed 
or co-precipitated many ions. However, the focus 

was shifted to still superior inorganic ion exchangers 
synthesized by combining hydrous oxides with anions 
such as phosphates, antimonates, vanadates and 
molybdates2-5. Inorganic compounds with significant 
ion exchange capacity have been categorized into 
14 classes by Clearfield6 in his review article. Many 
more types have been classified by Vesely and 
Pekarek7. 

	 Among the various classes of inorganic 
ion exchangers listed by different researchers, 
the synthetic tetravalent metal acid (TMA) salt ion 
exchangers are of great interest owing to their high 
thermal and radiation stability, and selectivity towards 
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a range of metal ions. The general formula of these 
materials is MIV(HXO4)2.nH2O, where MIV = Zr, Sn, Ce, 
Ti etc., and X= Mo, P, As, Sb, W etc. The presence 
of structural hydroxyl protons in these materials is 
responsible for their ion-exchange behaviour8. The 
heteropoly acid salts have a variety of applications 
in different fields depending on the characteristic 
properties of the ion exchange material (Table 1).

Composite ion exchangers
	 Recently, new kind of advanced composite 
materials have been synthesized to overcome the 
limitations of inorganic and organic ion exchange 
materials. The improved ion exchange properties 
and mechanical stability of the inorganic-organic 
composite ion exchangers have generated huge 
interest in these materials. Earlier organic monomers 
were incorporated in inorganic matrix to prepare 
composite ion exchangers. But recently sol-gel method 
has been extensively employed for the synthesis of 
organic-inorganic composite ion exchange materials. 
The composite materials prepared by this method 
have been used for a variety of applications in diverse 
fields of chemistry, engineering, biochemistry and 
environmental science. Moreover, the composite 
material has absolutely different properties than 
that of its parent counterparts. The composite 
materials have potential applications in wide 
spread areas such as potentiometric sensors, 
chemical sensors, chromatography, fabrication of 
ion selective membranes, electro-deionization, 
membrane electrolysis, electrodialysis, adsorption, 
thermodynamics, environment and heterogeneous 
catalysis, due to their in-built multifunctional nature.

Nanocomposite ion exchangers
	 The nanocomposites which possess the 
best properties of each of the components or novel 
properties, consist of a wide range of materials 
with nanometer particle size. The properties of 
nanocomposite materials depend not only on the 
properties of individual components but also on the 
morphology and interfacial characteristics. All types 
and classes of nanocomposite materials possess 
improved properties as compared to those of their 
constituents. The nanocomposites not only exhibit 
drastic improvement in electrical conductivity, UV 
resistance, flame retardancy, biodegradation, ionic 
conductivity, and thermal conductivity as compared 
to that of the original material, but also have better 

mechanical properties like strength, modulus, and 
dimensional stability. Other properties that might be 
substantially improved include reduced permeability 
to gases, water and hydrocarbons, thermal stability 
and chemical resistance, surface appearance and 
optical activity. Therefore, nanocomposites find 
promising new applications in diverse fields such 
as mechanical reinforced light weight components, 
non-linear optics, battery cathodes, solid state 
ionics, sensors and many others. The researchers 
are making efforts to develop more efficient and 
multifunctional nanocomposites30-32.

	 The nanocomposite ion exchangers are 
preferred over inorganic and organic ion exchangers 
as they overcome the drawbacks of both types of 
ion exchangers. They have been prepared by the 
combination of organic polymer i.e. polystyrene, 
polyaniline, polyacrylonitrile, poly o-toluidine etc. and 
inorganic part while retaining the better properties 
of both the counterparts. The nanocomposite ion 
exchangers have better mechanical, chemical, 
thermal and radiation stability, in addition to 
enhanced reproducibility33-36. These organic polymer 
based hybrid ion exchange materials exhibit 
improvements in ion exchange properties and 
selectivity for heavy toxic metals. These materials are 
granulometric in nature which makes them suitable 
for column operations also. These multifunctional 
nanocomposite materials provide extensive range 
of fascinating properties viz. catalytic activity37, 
optical activity38-39 and environmental stability40-42. 
The improvement in performance of nanocomposite 
materials is attributed to the increased surface area 
and conductivity43. The synthesis, characterization, 
ion exchange properties and applications of Zr 
(IV), Sn (IV) and Th (IV) based nanocomposite ion 
exchangers have been discussed in the subsequent 
paragraphs. 

	 Nanocomposite organic-inorganic ion 
exchange materials have been synthesized recently 
by many scientists. Organic-inorganic ion exchange 
material, acrylamide stannic silicomolybdate44 
selective for Cu(II) and Pb(II) ions, an organic-inorganic 
hybrid ion exchange material, acetonitrile stannic (IV) 
selenite45 having granulometric properties, good ion 
exchange capacity and selectivity for Th(IV) ions in 
the mixture of Ca(II), Mg(II), Sr(II), Ni(II) and Th(II) 

ions, a Cd(II) ion selective polyaniline-cerium (IV) 
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Table 1:  Inorganic ion exchange materials: Ion exchange capacity, selectivity and applications

S. 	 Material	 Ion Exchange 	 Selectivity	 Applications	 Reference
No.		  Capacity (meq/g)

1	 Aluminium 	 1.17	 —	 —	 9
	 (III)tungstate				  
2	 Cerium(IV)iodot	 2.86	 —	 Separation of the       	 10
	 ungstate			      90Sr - 90Y pair	
3	 Chromium(III) 	 0.74	 —	 Adsorption of Mg(II), 	 11
	 arsenosilicate			   Ca(II), Ba(II), Sr(II), 	
				    Cu(II)  and Al(III) in 	
				    nicotine and Ca(II), 	
				    Ba(II), Sr(II), Fe(II), 	
				    Mn(II), Zn(II) and Ni(II) 	
				    ions in pyridine.	
4	 Titanium(IV) 	 0.80	 Eu(III) Sensor	 —	 12
	 tungstophosphate				  
					   
5	 Zirconium(IV) 	 0.86	 —	 Sorption of radionuclides	 13
	 molybdotungsto-				  
	 vanadosilicate				  
6	 Thorium(IV) 	 —	 —	 Sorption of Mg(II)  and 	 14
	 antimonate			   Zn(II)  from Cd(II)	
7	 Titanium(IV) 	 0.74	 —	 Separation of Fe(III) and 	 15
	 molybdosilicate			   Zn(II)from 	
				    pharmaceutical samples	
8	 Zirconium (IV) 	 2.20	 Pb(II)	 Separation of binary 	 16
	 tungstoiodophosp			   solutions	
	 hate				  
9	 Stannic 	 —	 Pb(II), 	 —	 17
	 (IV)phosphotung		  Ba(II)  and		
	 state		   Ca(II)		
10	 Cerium(IV) phospho	 1.02	 Ag(I)	 Chromatographic 	 18
	 tungstate			   separation of Na(I), 	
				    Co(II)  and Eu(III)	
					   
11	 Zirconium(IV)	 1.21	 Cs(I)	 —	 19
	  tungstate				  
12	 Zirconium(IV) 	 0.91	 —	 Chromatographic 	 20
	 silicate			   separation of Na(I), 	
				    Co(I) and Eu(III)	
					   
13	 Tin(IV) 	 0.80	 Sm(III)	 —	 21
	 boratophosphate				  
14	 Tin(IV) antimono	 1.00	 Dy(III), 	 —	 22
	 arsenate		  Er(III),Gd		
			   (III), 		
			   Fe(III), 		
			   Pb(II)		
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15	 Cerium(IV) 	 1.45	 Th(IV), 	 Sorption of 99Mo	 23
	 molybdate		  Ba(II)  and		
			    Mo(IV)		
16	 Zirconium (IV) i	 0.86	 —	 Estimation of metals in 	 24
	 odosilicate			   pharmaceutical samples 	
					   
				    and synthetic mixtures	
17	 Zirconium (IV)	 0.40	 Ce(III)	 —	 25
	 antimonoarsenate				  
18	 Thorium(IV) 	 0.80	 Pb(II),  	 —	 26
	 phosphate		  Fe(III), 		
			   Bi(III)		
19	 Thorium(IV)tungstate	 —	 Cs(I), 	 —	 27
			   K(I), 		
			   Na(I)		
20	 Antimony(V) 	 —	 —	 Reverse exchange of 	 28
	 arsenophosphate			   alkaline earth metals	
21	 Sn(IV) arsenosilicate	 —	 —	 Separation of metal ions	 29

molybdate organic-inorganic hybrid ion exchange46 
and polypyrrole-based zirconium titanium phosphate 
nanocomposite47 having 20-27 nm particle size 
were synthesized by various researchers by sol-gel 
method. 

	 The sol-gel method was employed for the 
synthesis of cellulose acetate-tin (IV) molybdate 
nanocomposite (CA-SnMo) ion exchanger48. Binary 
separations of four metal ions were achieved on the 
column of this material with recovery of more than 94 % 
of Pb(II) and 93 % of Cd(II) ions in each separation. 
Polyaniline-tin (IV) tungstophosphate based hybrid 
cation exchange material49 synthesized by sol-gel 
method was employed for the removal of Pb (II) ions 
from industrial waste water. Polypyrrole-zirconium 
(IV) selenoiodate (PPy/ZrSeI) nanocomposite50 was 
synthesized by chemical oxidative polymerization of 
polypyrrole (PPy) in the presence of zirconium(IV) 
selenoiodate (ZrSeI) by sol-gel method, and 
polythiophene-tin (IV) phosphate (PTh–SnP)51, a 
polymeric hybrid nanocomposite, by incorporating 
polythiophene (PTh) in tin phosphate (SnP). 

	 Polyanil ine-tin(IV) phosphate52 was 
prepared via sol–gel mixing of organic polymer 
polyaniline into the matrices of the inorganic 
precipitate of Sn(IV) phosphate. The selectivity 
coefficients determined by the mixed solution method 
revealed that this material was selective for Hg (II) 
in the presence of other interfering cations and 

hence, Hg (II) ion selective membrane electrode 
was prepared using this composite cation-exchanger 
as the electroactive material. The cation exchanger 
composite, zirconium(IV) iodosulphosalicylate 53 
was synthesized and characterized by XRD and 
SEM analysis. The material was employed for the 
fabrication of Pb (II) ion selective electrode with a 
detection limit of 4.78 µM and life span of 90 days. 
The fabricated electrode showed satisfactory 
performance over a pH range of 4.0–6.5 with a fast 
response time of 15 s, and was employed for the 
estimation of Pb (II) ions in water samples of different 
origins, ad as an indicator electrode in potentiometric 
titration and Pb(II) ions with EDTA. 

	 Polyacrylamide thorium(IV) phosphate54 
and polycinnamamide thorium(IV) phosphate30 
were synthesized by co-precipitation method. 
These materials were characterized by SEM, XRD, 
FTIR and TGA–DSC techniques. The removal 
efficiency of polyacrylamide thorium(IV) phosphate 
and polycinnamamide thorium(IV) phosphate 
ion exchangers for lead was 52.9% and 81.2%, 
respectively, under optimum conditions. The 
adsorption process on these ion exchangers 
followed first order kinetics. Adsorption data were 
fitted to linearly transformed Langmuir isotherm 
with R2 (correlation coefficient) > 0.99. The equilibrium 
data were also tested with Dubinin–Radushkevich 
isotherm to understand the adsorption type. The 
synthesized poly-o-anisidine tin(IV) tungstate55 
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was characterized by various analytical techniques 
such as XRD, FTIR, SEM, TEM and simultaneous 
TGA/DTA studies. This composite was employed 
to fabricate a novel heterogeneous ion-sensitive 
membrane electrode for the estimation of Hg(II) 
ions in solutions. The membrane electrode was 
mechanically stable with a quick response time, and 
can be operated over a wide pH range. The adsorption 
behavior of zinc (II) dimethyl dithiocarbamate (Ziram) 
on the surface of nanocomposite cation exchanger 
poly-o-toluidine zirconium(IV) phosphate56 was 
studied. A Ziram- sensitive membrane electrode 
was fabricated with poly-o-toluidine Zr(IV) phosphate 
as an electroactive material. The sensitivity of the 
composite cation-exchange material for Ziram was 
monitored by potentiometric methods.

	 Poly-o-toluidine zirconium (IV)iodosulfo 
salicylate57 composite ion exchanger had high 
affinity for Cr (III) ions. This composite was used 
as an electroactive material for the fabrication of Cr 
(III) selective membrane electrode. The PVC-based 
Cr (III) ion-selective membrane is amorphous and 
porous in nature as indicated by various physical 
properties determined by XRD, SEM and AFM 
analysis. The electrode responded to Cr (III) ions in a 
linear concentration range of 3.16 × 10–6 to 1 × 10–1 M 
with a detection limit of 1.584 µM and had a life span 
of 12 weeks. The electrode worked satisfactory over 
a pH range of 3.0–7.0, with a fast response time of 
10s. This sensor was employed for the estimation of 
Cr (III) ions in water samples of different origins, and 
as an indicator electrode in potentiometric titrations of 
Cr (III) ions with EDTA. The kinetics and mechanism 
for the ion-exchange processes like Mg(II)–H(I), 
Ca(II)–H(I), Sr(II)–H(I), Ba(II)–H(I), Ni(II)–H(I), 
Cu(II)–H(I), Mn(II)–H(I) and Zn(II)–H(I) was studied 
on the synthesized polyaniline-zirconium(IV) titanium 
phosphate58 ion exchanger at different temperatures 
using approximated Nernst–Planck equation. Some 
physical parameters, i.e. fractional attainment of 
equilibrium U(τ)U(τ), self-diffusion coefficients (D0), 
energy of activation (Ea) and entropy of activation 
(ΔS°) were also estimated. It was observed that the 
equilibrium is attained faster at higher temperature, 
probably due to availability of thermally enlarged 
matrix of polyaniline zirconium titanium phosphate 
(PANI-ZTP) nanocomposite cation exchange 
material. 

	 The studies 59 have revealed that 
polyaniline-Zr(IV)selenoiodate and polyaniline-Zr(IV) 
selenomolybdate ion exchangers possess excellent 
ion exchange capacity of 1.36 and 1.44 meq g-1, 
respectively for K(I) ion. The organic polymeric part 
of the composites provides mechanical and chemical 
stability whereas the inorganic part supports the 
ion-exchange behaviour and thermal stability. The 
mechanism for the synthesis of polyaniline-Zr(IV)
selenoiodate and polyaniline-Zr(IV)selenomolybdate 
composite ion exchangers was discussed and this 
may also be applied for the preparation of other 
composite ion exchangers. Sorption behavior of 
metal ions on the composites was studied in different 
solvent systems and it was observed that these 
cation exchange materials are highly selective for 
Pb (II) ions. 

	 Polypyrrole has emerged as one of the 
highly pursued conducting polymer owing to its 
high electrical conductivity and good environmental 
stability. A novel organic–inorganic composite 
polypyrrole zirconium titanium phosphate60 was 
synthesized and characterized by X-ray, TGA–DTA, 
AAS, FTIR, SEM and TEM. The ion-exchange 
capacity, pH titrations and elution behaviour were 
investigated to explain the ion-exchange properties 
of the material. Due to its high selectivity for Th (IV) 
ions, this material was employed for the fabrication 
of an ion-selective membrane electrode for the 
estimation of Th (IV) ions in solution.
	
	 Cellulose acetate- zirconium (IV) phosphate 
(CA/ZP)61 ion exchanger was synthesized by sol-gel 
technique at pH 0-1, and characterized by X-ray 
diffraction (XRD), scanning electron microscopy 
(SEM), energy dispersive X-ray (EDX) spectroscopy, 
Fourier Transform infrared spectroscopy (FTIR) 
and thermal analysis Fourier transform (TGA/
DTA/DSC). Ion exchange capacity, pH titrations, 
elution behaviour, thermal stability and distribution 
coefficients were investigated to explore the ion 
exchange behaviour of CA/ZP nanocomposite. 
The nanocomposite exhibited an ion-exchange 
capacity of 1.4 meq g-1 for Na(I) and was highly 
selective for Pb(II) and Zn(II) ions in the presence 
of many other metal ions. The photocatalytic 
activity of the CA/ZP nanocomposite was explored 
for degradation of Congo red dye from aqueous 
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Table  2: Various organic-inorganic composite ion exchangers and their salient features

S. No.	 Material	 Ion Exchange	 Selectivity	 Application(s)	 Reference
		  Capacity
		  (meq/g)

1	 Polyaniline-Zr(IV) 	 2.50	 Ni(II)	 Ni (II) selective	 82
	 molybdophosphate			   electrode	
2	 Polystyrene Zr(IV)	 --	 Hg(II)	 --	 83
	  tungstophosphate				  
3	 Pyridinium-	 --	 Cs(I) &	 --	 84
	 tungstoarsenate		   Ag(I)		
4	 Polyaniline-tin(IV) 	 1.1	 --	 Removal of Pb (II)	 85
	 tungstophosphate			   from wastewater	
5	 Polyaniline–	 --	 --	 Hg (II) selective	 86
	 zirconium titanium 			   electrode	
	 phosphate				  
6	 Polyaniline Ce (IV) 	 --	 --	 Cd (II) selective	 87
	 molybdate			   electrode	
7	 poly-o-toluidine–	 1.22	 Pb(II) &	 Hg(II) selective	 88
	 thorium(IV) 		   Hg(II)	 electrode	
	 molybdophosphate				  
8	 poly-o-toluidine 	 --	 Hg(II)	 Binary separations of	 89
	 Zr(IV) tungstate			   heavy metal ions	
9	 poly-o-toluidine 	 --	 Pb (II) &	 Binary separations of	 90
	 stannic molybdate		   Hg (II)	 heavy metal ions	
10	 poly-o-	 --	 --	 Cd (II) selective	 91
	 methoxyaniline 			    electrode	
	 Zr(1V) molybdate				  
11	 Poly-o-anisidine tin 	 2.25	 Hg (II)	 Binary separations of	 92
	 (IV) tungstate			    heavy metal ions	
12	 Polypyrrole 	 --	 Pb (II)	 Pb (II) selective	 93
	 thorium(IV) 			   electrode	
	 phosphate				  
13	 Polyaniline tin(IV) 	 --	 Pb (II) and	 Binary separations of	 94
			   Cu (II)	  heavy metal ions	
	 molybdophosphate				  
14	 Poly-o-toluidine- 	 --	 Hg (II)	 Hg (II) selective	 95
	 zirconium 			    electrode	
	 phosphoborate				  
15	 Polyaniline-	 0.67	 --	 Dye adsorption	 96
	 zirconium 				  
	 phosphoborate				  

phase, and 90% of the dye was degraded in 60 
min of irradiation. Simultaneous adsorption of dye 
material and photocatalysis by nanocomposite 
material has synergetic effect on the amount of dye 
degradation.

	 Poly-o-anisidine tin(IV)arsenophosphate62 

was characterized on the basis of its chemical 
composition, ion exchange capacity, TGA-DTA, 
FTIR, X-RAY, SEM and TEM studies. Due to its high 
selectivity for lead, a heterogeneous ion-selective 
membrane electrode for the estimation of lead in 
water was developed by using this composite cation 
exchanger as electroactive material. The membrane 
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electrode was mechanically stable, had a quick 
response time, and can be operated over a wide 
pH range. The practical utility of this membrane 
electrode was established by employing it as an 
indicator electrode in the potentiometric titrations of 
Pb (II). Poly acrylamide zirconium (IV) iodate63 with 
an ion exchange capacity of 3.27 meq g–1 for Pb (II) 
was synthesized by employing sol–gel technique. The 
synthesis conditions such as reactant concentrations 
and temperature were varied to optimize the ion 
exchange properties of the hybrid organic–inorganic 
ion exchange material which was characterized on 
the basis of chemical composition, FTIR, XRD, TGA-
DTA, SEM and EDX studies. The sorption studies 
indicated that the hybrid cation exchanger has a high 
selectivity for Pb (II) in comparison to other metal 
ions. Some important binary separations like Hg(II)–
Pb(II), Cu(II)–Pb(II), Ni(II)–Pb(II), Fe(III)–Pb(II) and 
Cd(II)–Pb(II) were performed on this exchanger. In 
addition, the selective separation of Pb (II) was also 
achieved from a synthetic mixture containing a large 
number of metal ions with a recovery of <“98.5%. 
The material was successfully used for the selective 
removal of Pb (II) from waste water samples.

	 Diverse techniques such as agar diffusion 
method and colony forming unit method have been 
employed for investigating the antibacterial activities 
of nanocomposites against pathogenic bacteria. The 
major advances in antibacterial drug development 
in the middle of 20th century helped to control the 
infection in humans64. In the last few years, new 
metal complexes for antibacterial activity have been 
synthesized, and investigated for their antibacterial, 
antifungal and anti cancerous nature. Metal ion 
based nanomaterials exhibit broad spectrum 
biocidal activity towards different fungi, bacteria and 
viruses. Pectin–thorium (IV) tungstomolybdate (Pc/
TWM) nanocomposite65 was synthesized by mixing 
biopolymer pectin with its inorganic counterpart 
thorium (IV) tungstomolybdate by sol–gel method. 
The nanocomposite exhibited significant antibacterial 
activity towards E. coli bacteria. 

	 A  nove l  ce l lu lose aceta te- t in ( IV) 
molybdate (CA/TM) nanocomposite exchanger66 
was synthesized and characterized by Fourier 
transform infrared spectroscopy (FTIR), scanning 
electron microscopy (SEM), transmission electron 
microscopy (TEM), X-ray diffraction (XRD), and 

thermal analysis techniques. The nanocomposite 
was found to be selective for Pb (II) and Cd(II) ions 
on the basis of distribution coefficient (Kd) values. 
The antibacterial activity of CA/TM nanocomposite 
was explored against Escherichia coli. A new bio-
polymer based nanocomposite, pectin zirconium(IV) 
selenotungstophosphate (Pc/ZSWP)67 was 
synthesized by sol–gel method. This nanocomposite 
was effective in inhibiting the growth of S. aureus 
bacteria in 22 hours. Cellulose acetate-tin (IV) 
phosphate (CA/TP) nanocomposite was prepared by 
Rathore68 et al. The ion exchanger was characterized 
by Fourier transform infrared spectroscopy (FTIR), 
transmission electron microscopy (TEM), scanning 
electron microscopy (SEM), energy dispersive X-ray 
spectroscopy (EDX), X-ray diffraction (XRD), and 
thermogravimetric analysis (TGA/DTA/DSC). The 
nanocomposite was observed to be more selective 
for Cd (II) and Mg (II) on the basis of distribution 
coefficient studies. The nanocomposite was explored 
for antibacterial activity against E. coli bacteria.

	 Polyanilinezirconium(IV) tungstoiodo 
phosphate(PANI-ZWIP) nanocomposite69 ion 
exchanger was synthesized by sol-gel method. 
The antimicrobial activities of PANI and PANI-
ZWIP nanocomposite ion exchanger were studied 
against E. coli and Proteus vulgaris bacteria. The 
nanocomposite ion exchanger showed higher 
antimicrobial activity against both E. coli and Proteus 
vulgaris. Recently, Pathania and co-workers70 
synthesized polyaniline-zirconium silicophosphate 
(PANI-ZrSiP) nanocomposite cation exchanger by 
sol gel method employing polyaniline (PANI) gel and 
inorganic precipitates of zirconium silicophosphate 
(ZrSiP) at pH ≈1 that was successfully used as an 
antibacterial agent against Escherichia coli (E.Coli.), 
and as a photocatalyst for removal of methylene blue 
dye from water. 

	 Diverse techniques such as coagulation, 
chemical oxidation, microbial degradation, adsorption 
and photocatalysis are usually employed for the 
removal of organic pollutants including dyes from 
aqueous systems71-72 but photocatalysis is the most 
preferred method due to fast degradation of dye, 
simplicity and generation of non-toxic materials73. 
Various types of nanoparticles such as CdS, Fe2O3, 

ZnO and TiO2 etc. have been investigated as efficient 
photocatalysts for the degradation of organic 
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pollutants74. However, the composite ion exchangers 
with nano scale dimensions have attracted a great 
concern due to their varied applications in different 
fields. The composite ion exchangers exhibit high 
efficiency in heterogeneous photocatalytic processes.  
Styrene–tin (IV) phosphate (ST/TP) nanocomposite 
ion exchanger75 synthesized by sol gel method was 
used as an efficient photocatalyst for the degradation 
of methylene blue dye from aqueous system in the 
presence of solar light. Polyaniline zirconium(IV)
silicophosphate (PANI-ZSP) nanocomposite was 
synthesized76 and used for sorptive removal of 
methylene blue dye from aqueous system. The 
maximum adsorption capacity of methylene blue 
(MB) on PANI-ZSP was found to be 12 mg/g. The 
adsorption of MB onto PANI-ZSP nanocomposite 
followed the second-order kinetics and best fitted 
the Frendluich isotherm. 

	 A novel nanocomposite cation exchanger 
polyaniline- tin(IV) iodophosphate (PANI-SnIP)77 
was synthesized using sol”gel method and photo 
degradion of methylene blue (MB) dye under solar 
irradiation was carried out by this nanocomposite. 
Patil et al78 developed a novel method for the 
removal of color from textile dying wastewater by 
using conducting polyaniline-NiFe2O4 waste water 
composite that was synthesised in situ through self 
polymerisation of monomer aniline. Photocatalytic 
degradation studies were carried out for water 
soluble carcinogenic methylene blue (MB) dye and 
it was observed that photocatalytic degradation by 
PANI-NiFe2O4nanocomposite is a more effective 
and faster mode of removing methylene blue (MB) 
dye. Polyacrylamide Zr(IV) vanadophosphate 
(PAM/ZVP) nanocomposite79 synthesized by sol 
gel method exhibited very good results for the 
degradation of Congo red dye under sunlight. 

The enhanced dye degradation was observed as 
the nanocomposite behaved as adsorbent and 
photocatalyst simultaneously. In another study, 
the synthesized polyaniline-tin (IV) iodophosphate 
(PANI-SnIP) nanocomposite ion exchanger80 with 
particle size 20-25 nm was used as a photocatalyst 
for degradation of methylene blue dye in solar light. 

	 Akhtar  and co-workers81 repor ted 
the synthesis of poly-o-toluidine-thorium(IV) 
molybdophosphate (POT-ThMoP), a new hybrid 
cation exchanger by sol–gel method, by the 
incorporation of inorganic precipitates of thorium 
(IV) molybdophosphate into the matrices of organic 
poly-o-toluidine at pH≈1. The material was selective 
for Hg(II) and Pb(II) ions in different solvent media 
and degraded about 74% of Congo red dye within 
8  h of irradiation with the ion exchanger as a 
photocatalyst. 

Conclusion

	 The composites ion exchange materials 
have distinct advantages over their organic and 
inorganic counterparts due to their exceptional 
mechanical strength, thermal stability and better 
ion exchange properties. They are also suitable for 
column operations due to their granulometric nature. 
The composite ion exchangers are highly selective 
for heavy metal ions and are thus employed to 
remove traces of heavy metal ions from the industrial 
effluents. These have also been employed as efficient 
photocatalysts for degradation of organic dyes and 
other pollutants. A number of ion selective electrodes 
for the estimation of different types of metal ions 
have been fabricated using these hybrid materials. 
It can be concluded that these hybrid ion exchange 
materials hold a promising future for environmental 
remediation. 
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