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A B S T R AC T

In the present endeavour, cerium phosphate (CP), an ion exchanger of the class of tetravalent 
metal acid (TMA) salt has been synthesized by soft chemistry route, sol gel method. Physical 
and ion exchange characteristics as well as chemical stability of the material in various acids, 
bases and organic solvent media has been studied. CP has been characterized using instrumental 
methods (FTIR, TGA/DSC, XRD and SEM). Distribution coeffi cient (Kd) of metal ions Mn2+, Co2+, 
Ni2+, Cu2+, Zn2+, Cd2+, Hg2+ and Pb2+ has been determined in aqueous as well as various electrolyte 
media/concentrations. The equilibrium exchange (varying temperature) of these metal ions with 
H+ ions contained in CP has been studied and thermodynamic parameters equilibrium constant 
(K), standard Gibbs free energy (ΔG°), enthalpy (ΔH°) and entropy (ΔS°) have been evaluated.
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1. Introduction

Tetravalent metal acid (TMA) salts are inorganic 
cation exchangers in which protons present in the 
structural hydroxyl groups are responsible for cation 
exchange behaviour [1]. When a tetravalent metal is 
treated with phosphoric acid, M–O–P bonds are formed. 
In this process, a number of hydroxyl groups do not par-
ticipate in the condensations which are referred to as 
pendant hydroxyl groups or defective P – OH, H of the 
P – OH contributing to cation exchange capacity (CEC) 
[2]. TMA salts are prepared by sol-gel routes and can be 
obtained both in amorphous and crystalline forms. TMA 
salts with varying water content, composition and crys-
tallinity can be obtained varying several parameters such 

as mole ratio of reactants M:X (M = tetravalent metal, 
X = polyvalent anion), temperature of mixing, mode of 
mixing (metal salt solution to anion salt solution or vice 
versa), pH, rate of mixing, aging period etc. Variation in 
any of these parameters affects the structural hydroxyl 
groups, which in turn is refl ected in their CEC and per-
formance as a cation exchanger. Several studies have 
shown that cerium (IV) phosphates (CPs) are interesting 
inorganic materials for cation exchange [3]. Compared to 
zirconium, titanium and tin phosphates, which are well 
established ion exchangers, literature survey reveals that 
the cation exchange behaviour of cerium phosphate (CP) 
is not much explored [4]. Fibrous Cerium phosphate 
has received much attention as cation exchangers, used 
in the form of staples, cloths, ion exchange papers etc. 
[5–8]. However, for effi cient metal separations column 
operations are preferred. In the several studies using 

Proceedings of DAE-BRNS Biennial Symposium on Emerging Trends in Separation Science and Technology, Kalpakkam, India, 
March 1–4, 2010




