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Equilibrium in the Partitioning of Zn(II) between Aqueous Sulphate
Solution and Kerosene Solution of Cyanex 272
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Abstract. The equilibrium in the partitioning of Zn(II) from its sulphate solution to bis-(2,4,4-tri-
methylpentyl) phosphinic acid (Cyanex 272, BTMPPA, H2A2) solution in kerosene (paraffin) has been
investigated extensively. The equilibration time is < 5 min. Extraction of Zn(II) is found to be increased
with increasing equilibrium pH, extractant concentration and temperature; and independent of [Zn(II)] in
the aqueous phase provided equilibrium pH and extractant concentration are kept constant. The pH
dependence of extraction ratio (D) at a constant [H2A2](o,eq) is found to be 2. The extractant dependence
plots at constant equilibrium pH values are not straight lines but are curves with asymptotic slopes of 1
and 2 at lower concentration region (LCR) and higher concentration region (HCR) of extractant, respectively.
D is found to be an inverse function of (1 + 2[SO4

2-]). The extraction at LCR of extractant is found to
occur through the reaction: Zn2+ + H2A2 (o)  [ZnA2](o) + 2 H+; but at HCR of extractant, it occurs via
the reaction: Zn2+ + 2 H2A2  [ZnA2.H2A2](o) + 2 H+. The extraction equilibrium constants, Kex at LCR
and HCR of extractant are estimated as 10-3.11 and 10-2.08, respectively, at 303 K. The extraction process
is found to be endothermic but ΔH value increases with increasing extractant concentration. The maximum
loading capacity is estimated to be 11.5 g Zn(II) per 100 g extractant. At a maximum loading, the species
exists in organic phase is ZnA2. The stripping ability of various inorganic acids towards loaded zinc, as
well as, the possibilities of separation of Zn(II) from its binary mixtures with 3d - block metal ions have
also been investigated.

Keywords: extraction equilibrium, Zn(II) - extraction, Cyanex 272, sulphate medium, kerosene

Introduction
Zinc is a very commercially important metal finding
its applications in construction of dry cells, preparation
of alloys (particularly, brass and solder) and galvani-
zation. Its commonest ore is sphalerite (ZnS). It can be
extracted from sphalerite both by pyrometallurgical
and hydrometallurgical (in combination with electro-
metallurgical) routes. In pyrometallurgical route, high
temperature is involved in reductive distillation of zinc;
whilst in the hydrometallurgical route, the ore is subjected
to either sulphatizing (ZnS + 2O2 → ZnSO4) or complete
(ZnS + 3/2 O2 → ZnO + SO2) roasting, roasted mass
being leached with either very weak or ~10% (v/v)
sulphuric acid solution to get an aqueous solution of
Zinc(II). This solution usually contains Ni(II), Co(II),
Cu(II), Cd(II), Bi(III), Fe(III) etc. as impurities. For
Fe(III) removal, the advantage of jarrosite formation is
utilized followed by either solvent extraction or cemen-
tation process being applied to remove other foreign
ions. The purified solution may then be electrolyzed
for its production. Acid pickle solution, wastes from
galvanizing bath, leach solution of waste dry cell powder

containing zinc and manganese compounds and deep
sea nodules and the parting solution can be processed
by the solvent extraction methods to isolate zinc to
reduce environmental hazard and fulfill the increasing
demand of this metal. Virtually, the recovery of zinc
from zinc containing wastes is now a major interest in
hydrometallurgy.

Zinc(II) can be extracted by a number of extractants
such as TBP, β-diketones, oxine and its derivatives,
TOPO, fatty acids, naphthenic and salicylic acid,
β-isopropyltropolone, PAN, diethyldithiocarbamate,
dithizone, thio-compounds etc. (Sekine and Hasegawa,
1977), D2EHPA (Begum et al., 2009; Vahidi et al.,
2009; Perreira et al., 2007; Mansur et al., 2002), Alamine
336 (Sayar et al., 2007), 5-azidomethyl-8-hydroxy-
quinoline (Himmi et al., 2008), 1-phynyl-3-mryhyl-4-
benzoylpyrazol-5-one (Barkat et al., 2004), PC 88A
(Nathsarma and Devi, 2006), Cyanex 921 ( Navarro
et al., 2007), Cyanex 302 (Mansur et al., 2008; Jha
et al., 2005), Cyanex 301 (Mansur et al., 2008; Jha
et al., 2005), Cyanex 272 (Zhu et al., 2011; Awaad
et al., 2009; Bari et al., 2009a; 2009b; Deep and de
Carvalho, 2008; Parhi and Sarangi, 2008; Mansur*Author for correspondence; E-mail: rkbiswas53@yahoo.com
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