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ples were characterized by powder XRD analysis,
chemical methods (ICP, AAS) and IR spectroscopy.
The comparison of the XRD patterns between the
initial samples and occluded ones displays changes in
the intensities of peaks 020 and 200, which in the processed samples have relatively lower intensities than that
of the initial sample (Fig. 1). In the case of the ammonium exchanged sample (C1) this tendency is weakly
expressed, which can be attributed to certain remainder of ammonium cations in the channel of clinoptilolite. Another feature is the increase of the intensity of
peaks 001 and 311 in respect to 201 and 111. Also, it is
noticeable that peak 201 emerges and 220 disappears.
The observed intensity changes are similar for both samples and are result of the changes in the cationic complex of clinoptilolite after the occlusion treatment.
The AAS data show slightly higher Zn content
in sample C1 compared to sample C2 (Table 1).
The crystal chemical formula for the initial clinoptilolite according to ICP and DTA-TG data is:
(K1.11Ca1.77Na1.10Mg0.49)Al6.39Fe0.13Si29.44O72 .21H2O.
The maximal possible exchange with Zn2+ ions for
this structure is 7% per unit cell. It is possible that
a part of zinc measured by AAS is not occluded in
the channels being present in the form of Zn(OH)2
outside or inside the pores of the zeolite.
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The ion exchange properties of natural zeolites are
very promising in applications as sorption of harmful compounds from various systems or for their utilization as carriers of useful elements. Insertion of
cations and molecules in the channels of zeolites
can be realized by mixing salt melt of certain metals with the zeolite carrier (Liquornik, Marcus, 1968).
Such studies have been performed by Park et al.
(2001) using synthetic zeolites and salt of ammonium nitrate.
The inclusion of desired salts or ions into the zeolite
matrix by use of occlusion gives opportunity to intrude, preserve, transport, or extract such salts in specific media. This can result in a series of applications. Some limitations are occur when the melting
temperature is higher or close to that of the of thermal stability of the zeolite. Another point of interest
is to describe the way of extraction of the occluded
salts or ions for special purposes.
In our study we use clinoptilolite as a matrix for
occlusion of zinc salt. Zinc finds application in medicine and cosmetics due to its antibacterial properties
and there are papers treating its combined application with erythromycinå (Habbema et al., 1989; Holland et al., 1992). In this case clinoptilolite is used as
carrier of Zn ions as well as “buffer” for more fluent
release of Zn in the drug (Cerri et al., 2004). The mechanism is effective because it ensures stable, supply, of
the drug with the needed component.
The studied zeolite is clinoptilolite from Beli plast
deposit, Eastern Rhodopes, which was purified by separating the sample with heavy liquid. Opal-cristobalite,
which is not separable mechanically, was removed
using chemical treatment with NaOH solution. The
occlusion was conducted on preliminary NH4+ exchanged clinoptilolite (sample C1) and on a clinoptilolite with the natural cation exchange complex
(sample C2). We used 2 g of clinoptilolite and 2 g of
ZnCl2, mixed and heated for 1 hour up to 380°C, then
kept the sample at that temperature for 4 h. After the
heat treatment the samples were washed with ethyl alcohol and distilled water (Table 1). The obtained sam-
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Fig. 1. X-ray patterns of the studied samples
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The comparison of the IR spectra of the samples
reveals a band in the region of 1400 cm—1, related to
the presence of ammonium ions and this band is
better pronounced in the samples exchanged with
NH4NO3 (Fig. 2). ICP data indicate that the original
cations in the clinoptilolite structure are strongly reducted in the ammonium exchanged samples (C1,
Table 2).
The two treated samples were washed several times
to check if zinc easily leaves the structure of clinoptilolite. In the case of typical occlusion of salts in
zeolite the process is relatively difficult (Park et al,
2001). Table 1 contains the results of the washing
stages and the control was performed by powder
XRD and AAS. It is to be noted that the content of
zinc lowers to 5% per unit cell even when varying
the temperature, pH, and saturation time. Only in
the experiment with prolonged soaking for 14 days
the result was 3%. The applied washing procedures
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Fig. 2. The comparison of the IR spectra of the samples

Table 1. Washing stages after occlusion and AAS data for Zn content
Washing stages

1) ethyl alcohol
100 ml

2) ethyl alcohol
50 ml

3) ethyl alcohol 100 ml
distilled water 150 ml

4) distilled water – 100 ml, 100°C –
40 min
5.25

С1
Zn wt. %

7.50

7.20

7.00

Washing stages

1) ethyl alcohol
100 ml

2) 100 ml distilled water –
20 h

С2
Zn wt. %

7.00

6.90

3) distilled water 100 ml 24 h:
а) pH 6, b) pH 3.7
а) 6.60
b) 6.40

4) distilled water 100 ml – 14 days
3.1

Table 2. Chemical composition of the samples C1 and C2
SiO2

Al2O3 Fe2O3

CaO

Na2O

K2O

MgO

TiO2

MnO

Zn

ЗН

Total

C1

67.94

12.96

0.36

0.46

0.09

0.35

0.24

0.07

0.01

10.13

7.51

100.12

C2

65.40

12.20

0.30

2.98

1.11

0.84

0.66

0.07

0.01

9.46

7.00

100.30

show that after the high temperature exchange with
use of melt, the zinc ions release is hampered. The
XRD and AAS data and the slow release of Zn
during washing indicate that there has been realized a process of occlusion. The presence of absorption band (IR) due to NH4+ groups as well as
the residue cations from the initial ion exchange
complex indicate that the process of occlusion has
not been fully realized.

There is a need for additional experiments for
achievement of more complete occlusion with use
of ZnCl2 and clarification of the mechanism of abandoning the structure by the zinc ions in specific
medium. For the purposes of medicine and cosmetics there is a need to establish the conditions, which
help the salt release from the structure and to estimate whether they are suitable for a drug media as
an acceptor.
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