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INTRODUCTION

Due to its cation exchange capabilities and availability in
mineable quantities, clinoptilolite has been useful in industry
for removal of metals from contaminated soils and solutions
(Leppert 1990; Las 1989; Mumpton 1978). Because of the se-
lectivity of clinoptilolite for Sr and Cs over other cations (Ames
1960, 1961), the mineral has been used to remove radioactive
Sr and Cs from low-level radioactive waste (Las 1989; Baxter
and Berghauser 1986; Mumpton 1978). The Site Ion Exchange
Effluent Plant of British Nuclear Fuels in Sellafield, UK cur-
rently employs clinoptilolite for the removal of 90Sr and 134,137Cs
from low-level radioactive cooling-pond waters before dis-
charge into the Irish Sea (Las 1989; Baxter and Berghauser
1986). Although the pond water contains more Cs than Sr (by
an order of magnitude), Sr breakthrough occurs before Cs break-
through (i.e., Sr stops exchanging with clinoptilolite before Cs)
and is the limiting factor in the life of the exchange beds. An
understanding of the factors governing Sr and Cs exchange with
clinoptilolite is necessary for developing ways to prolong the
life of the beds.

Many studies have been performed on the exchange of
clinoptilolite for Sr and Cs by examining the Sr and Cs content
of the mineral (Las 1989; Ames 1960, 1961). However, the
behavior of the outgoing cations is poorly understood. The ef-
fects of time and temperature on Cs exchange in clinoptilolite
have been determined in other studies (Woods and Gunter 2001;
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ABSTRACT

Four grams of a clinoptilolite-rich rock, crushed to –180 mesh, were exchanged in deionized
water (DI), and in 0.1, 0.01, and 0.001 M solutions of SrCl2·6H2O at 5, 21, 50, and 90 °C for 0.5, 5,
24, and 240 h yielding 64 sample solutions, which were vacuum-filtered to remove solids. The
solutions were analyzed by ICP-AES for the outgoing cations (i.e., Na+, K+, Ca2+, and Mg2+). The
higher molarity solutions were expected to contain greater concentrations of the outgoing cations
than the DI or lower molarity concentration solutions. This trend was exhibited by the monovalent
and divalent cations in samples of all concentrations. Outgoing monovalent cations exchanged to
greater extents with increasing time and temperature. Outgoing divalent cations of 0.01 and 0.001
M concentrations exchanged at low temperatures contained greater concentrations of outgoing di-
valent cations than solutions exchanged at high temperatures. The concentrations of the monova-
lent cations were slightly greater in the 0.001 M sample than in DI, whereas divalent cations had a
similar concentration between the 0.001 M and DI treatments. Overall exchange of cations out of
the clinoptilolite was favored at higher temperatures.

Zanetti and Gunter 1997). This study demonstrates the effects
of time, temperature, and Sr concentration on the release of
cations from clinoptilolite upon Sr exchange.

The main goal of this experiment was the same as that of
Woods and Gunter (2001): to examine how different cations
(Na, K, Ca, and Mg) exchange out of clinoptilolite and into a
liquid of homoionic composition, in this case solutions of SrCl,
and not to perform a thermodynamic study like that done by
Barkatt and Van Konynenbugh (1993), for example. To our
knowledge, these types of exchange experiments have not been
previously performed. Researchers routinely pretreat
clinoptilolite in an NaCl solution and then examine how the
homoionic form of the solid behaves in aqueous solutions of
either single or multiple cations. These types of experiments
are very important in understanding the thermodynamics of
exchange and various industrial applications. However, zeo-
lites in the natural environment will not be homoionic but will
contain several cations. So the obvious question is whether these
cations all exchange out of the solid and into the liquid in the
same manner or different manners. Thus, our main goal in this
study was to determine the behavior of these outgoing cations
(i.e., effect of temperature, release rate, and time) for Na, K,
Ca, and Mg in a clinoptilolite to better understand cation (and
water) exchange into and out of natural samples.

CATION EXCHANGE IN CLINOPTILOLITE

Clinoptilolite, (Na,K)6(Al6Si30O72)·20H2O, initially was ac-
cepted as a lower symmetry, monoclinic form of ptilolite
(Schaller 1932). Subsequently, clinoptilolite was assigned to


