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A B S T R AC T

In the present endeavour, zirconium amino tris(methylenephosphonic acid) (ZrATMP)—a novel 
hybrid ion exchange material of the class of tetravalent metal acid (TMA) salts has been syn-
thesized by sol gel method. Physico-chemical and instrumental methods of analysis [Elemental 
analysis (ICP-AES, CHN analysis), FTIR, TGA, XRD and SEM] have been used to characterize the 
material. Cation exchange capacity (CEC) has been determined and the distribution behaviour of 
metal ions Co2+, Ni2+, Cu2+, Zn2+, Cd2+, Hg2+, Pb2+, Ce3+ and Th4+ in aqueous and various electrolyte 
media/concentrations determined and confi rmed with breakthrough capacity values.
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1. Introduction

Recently, interest has been generated in the prepa-
ration of some organic based inorganic ion exchangers, 
where there is a promise of developing new materials, 
giving rise to new, composite and interesting proper-
ties [1–3]. Tetravalent metal acid (TMA) salts are inor-
ganic ion exchangers, in which the protons present in 
the structural hydroxyl groups can be exchanged for 
several cations and thus they behave as cation exchang-
ers [4,5]. Anchoring of organic units on the backbone of 
TMA salts is of particular interest, since they have a rigid 
inorganic back bone and fl exibility of the organic group-
ings. M(IV) phosphates where M(IV) = Zr or Ti of the 
class of TMA salts have been studied as ion exchang-
ers for metal separations [6,7]. In the tetrahedral moiety 
of phosphoric acid, PO(OH)3, if H or OH is replaced by 
R (where R = alkyl or aryl possessing ionogenic groups 

such as –COOH, –OH, –SO3H etc.), phosphonic acid is 
obtained, which when treated with tetravalent metals 
such as Zr, Ti, Sn, Th, Ce etc. give rise to novel metal 
phosphonates [1,8–12].

Aminophosphonic acids possess effectiveness of 
donor groups in the binding of tetravalent metal ions, and 
have received considerable attention due to the diverse 
binding abilities [13,14]. High surface area, porous tita-
nium phosphonate materials for multiphase adsorption 
of metal ions [15,16] and with large ion exchange capacity 
[17] have been synthesized using 1-hydoxyethylidene-1,1-
diphosphonic acid. A porous titanium phosphonate with 
large adsorption capacity for heavy metal ions using amino 
tris(methylenephosphonic acid) has been synthesized by 
a hydrothermal process [18]. Titania phosphonate porous 
hybrid materials using claw type amino phosphonic acid 
ethylenediamine tetrakis(methylenephosphonic acid) [19] 
and diethylenetriamine pentakis(methylenephosphonic 
acid) [20] have been synthesized and used for heavy 
metal ion adsorption. From our laboratory we have 
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