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Abstract - In this work the ion exchange isotherms
of Cr3+, Mg2+, Ca2+ and K+ in single solutions and in
binary mixtures (Cr/K, Cr/Ca, Cr/Mg) using NaX
zeolite at 30oC, 45oC and 60oC were reported. NaX
isotherms were very favorable for all metal cations
studied. The respective isotherms had some
differences in shape, a consequence of competition
for the exchange sites. The Kielland plots of all
systems were non linear, which is a characteristic of
sites of different energies involved in the exchange
process. Temperature influenced the ion exchange as
it could alter the hydration sphere of the in-going
ions. Consequently, differences in thermodynamic
properties and also in the selectivity were seen. It
was concluded that NaX did not have a pronounced
selectivity towards chromium.
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I. INTRODUCTION
Heavy metals are not biodegradable and tend to
accumulate in living organisms, causing various diseases
and disorders. An alternative system of cation removal
from these wastewaters is represented by ion exchange
in zeolites. In this work it was used the synthetic zeolite
X. It has three types of cavities: the supercages, the
sodalite and the hexagonal prisms. As a consequence,
different sites called SII, SI and SI’ (Giannetto et al.,
2000) are observed. The site SII is located in the
supercages whereas SI’ is located in the sodalite cages
and SI in the hexagonal prisms. SII is the easiest site to
be reached and SI the most difficult one. Ion exchange
equilibrium has been studied for a lot of divalent and
trivalent cations (Keane, 1996; Maes and Cremers,
1975). However, concerning chromium exchange, few
studies have been reported in synthetic zeolites (Tagami
et al., 2001) and relatively little is known about the
combined effects of two or more metal ions and their
simultaneous removal. In our ion exchange studies,
equilibrium isotherms of single and multicomponent
exchange with Cr3+ and the main cations present in
industrial wastewater (Ca2+, Mg2+ also K+) have been
studied. The resultant findings of binary exchange (Cr-
NaX, Ca-NaX, Mg-NaX and K-NaX) and ternary
exchange (Cr/Ca-NaX, Cr/Mg-NaX, Cr-K-NaX) are
presented in this paper.

II. EXPERIMENTAL
A. Materials
The starting zeolite was a very high crystalline NaX, its
unit cell composition in dry basis was
Na81(AlO2)81(SiO2)111 corresponding to a cation
exchange capacity of 5.96 meq/g. In order to obtain, as
far as possible, the homoionic sodium form, the zeolite,
as received, was contacted four times with 1 mol/L
solutions of NaCl at 60oC with a zeolite/solution ratio of
1:10. The zeolite was then washed each time with 2 L of
hot deionised water and oven-dried at 100oC. The
reagent-grades CrCl3.9H2O, MgCl2.6H2O, CaCl2.2H2O
and KCl were mixed with deionised water to prepare
15 meq/L solutions for single ion exchange. For binary
solutions both reagents were used (15 meq/L each one)
in order to produce initial solution Cr/Mg, Cr/Ca and
Cr/K, with a constant equivalent ratio 1:1. The ion
exchange reactions were carried out by weighting
suitable quantities of NaX zeolite (0.01g up to 1.50g) in
35-mL flasks containing 20 g of the salt solution and
letting the system equilibrate in water bath shaker at 30,
45 and 60oC for a period of four days for binary
isotherms and seven days for ternary isotherms. Such
equilibrium time had been previously checked and it
was concluded that it was sufficient enough to attain
equilibrium between the zeolite and the solution phase.
After the corresponding equilibrium time, the flasks
were removed from the constant-temperature bath and
the solid as well as solution phases were rapidly
separated by filtration. The ion-exchange studies were
executed without pH control in order to avoid the
addition of another exchangeable cation. In all sample
flasks the pH was between 3.0 and 4.0, which indicated
that dealumination of the zeolite or precipitation of
hydroxides may be neglected and the isotherms
represented only the sorption mechanism in the zeolite.

The cation contents in the solution phase were
determined by atomic absorption spectrometry using a
Varian SpectrAA10-Plus spectrometer.

B. Methods
The isotherm corresponding to binary exchange is
normally expressed as XAS plotted against XAZ at a
constant total ion concentration of the solution where
XAS and XAZ are the equivalent fractions of ion A in
solution and in the zeolite, respectively. When there is a
ternary exchange system, where the in-going cations A


