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INTRODUCTION

Many studies have been performed on the cation-exchange
capabilities of clinoptilolite since the pioneering work of Ames
(1960, 1962). These studies concentrated on cation exchange
into the zeolite. However none of these studies, to our knowl-
edge, focused on the outgoing cations (i.e., the cations that occur
naturally in the sample and leave the samples during cation
exchange). 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 obtain a better understanding of cation (and water) exchange
into and out of natural samples. NaCl was chosen as one of the
solutions because many researchers first Na-exchanged their
samples to obtain a homoionic form, and CsCl was chosen be-
cause of the interest in using zeolites to remove Cs from nuclear
wastewater. In a closely related project, we used differing con-
centrations of SrCl with a similar goal and experimental meth-
ods (Palmer and Gunter 2001). Thus, we examined the exchange
of multiple cations out of the sample and into a single cation
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ABSTRACT

Batch cation-exchange experiments were performed by placing 4 g of clinoptilolite-rich rock
into 100 mL of 1 M concentrations of NaCl or CsCl solution for differing times and temperatures.
The solutions were analyzed for the outgoing cations Na, K, Ca, and Mg by ICP-AES. The goal of
these experiments was to determine the behavior (i.e., effect of temperature, release rate, and time)
of Na, K, Ca, and Mg exchanging out of the solid and into the liquid in either NaCl or CsCl solu-
tions. For the Na-exchanged samples, the concentration of the outgoing divalent cations increased
with time and increased temperature, with the majority of the exchange occurring in the first 10 h.
Potassium behaved in a different manner, with approximately 20% exchange occurring within 0.5
h. With increased exchange time, K concentrations actually decreased slightly, indicating some re-
exchange back into the solid from the liquid. After 24 h, samples in the four storage conditions
averaged approximately 20% K, 80% Ca, and 50% Mg exchange out of the sample and into the
liquid. For the Cs-exchanged samples, the concentration of the outgoing divalent cations increased
with time and increased temperature, with the majority of the exchange occurring in the first 10 h.
The outgoing monovalent cations behaved in a different, and somewhat unpredictable, manner. The
majority of the exchange for both Na and K occurred within the first 0.5 h. Increased time had little
effect on exchange; in fact, both exhibited some re-exchange back into the liquid. Also, more ex-
change occurred at lower than higher temperatures. With increased exchange time, K concentra-
tions decreased slightly, indicating some re-exchange back into the solid from the liquid. After 24 h,
samples in the four storage conditions averaged approximately 85% Na, 50% K, 80% Ca, and 40%
Mg exchange out of the sample and into the liquid.

composition liquid, whereas others have tended to focus on
how a pre-treated single cation composition (i.e., homoionic
form) solid exchanges with either a single- or multi-composi-
tion liquid, as summarized below.

Much of the interest in clinoptilolite stemmed from its po-
tential use to remove radioactive Cs and Sr from water pro-
duced as by-products in the nuclear industry. Clinoptilolite has
been used successfully in these industrial applications (e.g.,
Baxter and Berghauser 1986; Lehto 1993; Mercer and Ames
1978) for several years. Most of these studies have concen-
trated on removing unwanted cations from solutions in either
batch or column experiments (e.g., Bremner and Schultze 1995;
Collella 1995; Collella et al. 1995; Lieu et al. 1988; Zamzow
and Schultze 1995). Also, most have concentrated on measur-
ing the decrease in the unwanted cation after exchange with a
zeolite. Most of these studies also started with pretreated
samples (e.g., the samples were first Na-exchanged) (Semmens
and Martin 1988). Many of these exchange experiments were
performed by placing a solution of known concentration of the
unwanted cation into contact with the clinoptilolite and mea-
suring the decrease in cation content in the solution. Closely
related thermodynamic studies of cation-exchanged samples* E-mail: mgunter@uidaho.edu


