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Abstract: Influence of a NaOH solution on the exchange ability of clinoptilolite and mordenite with regard to Cs* and Co’* have
been studied by a radiochemical method. The sorption coefficients were calculated, the total cation exchange capacity and the X-
ray structural analysis were measured as well. The experiments were caried out with samples of Slovak clinoptilolite and mordenite.
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Introduction

Effect of a NaOH solution on the ion - exchange ability of cli-
noptilolite towards to Co>* and Cs*was described in our pre-
vious papers (HloZek et al. 1992; Lukal et al. 1990, 1992).
Clinoptilolites were treated with the NaOH solutions of differ-
ent concentrations and their sorption abilities towards Cs and
Co were investigated. Cs*and Co’* are the dominant consti-
tuents of nuclear waste waters. It was shown that clinoptilolite is
an excellent ion-exchange material for Cs (Ames 1960; Barrer
& Munday 1971; Sherry 1968). The applications of this clinop-
tilolite for the removal of *’Cs from medium and light level
radioactive waters were reported in the early seventies (Kato
1974; Dyer et al. 1973). On the other hand, clinoptilolite and
mordenite are very poor ion-exchanger for Co (Kozat et al.
1982; Pekdr & Timuldk 1985). There is a lack of data concerning
of the chemical improvement of the ion exchange ability of cli-
noptilolite (HloZek et al. 1992; Luk&Z et al. 1990, 1992) and
mordenite except for the study by Goto et al. (1982). In these
papers promising results on the improvement of clinoptilolite
ion-exchange ability due to the NaOH solution treatment have
been reported.

We present here the results on the properties of clinoptilolite
and mordenite treated with NaOH solutions of different con-
centration and the concominant changes of sorption ability and
the surface and structural characteristics of the materials.

Experimental

The experiments were caried out with Slovak clinoptilolite
from NiZny Hrabovec and mordenite from BartoSova LehOtka.
The granularity of the materials was within the range of 1.2 - 2.2
mm. The samples were treated with NaOH solutions of the fol-
lowing concentrations: 0.25, 0.5, 1.0, 2.0, 4.0 M; the temperature
of treatment was 80 °C and the time of treatment was 4 hours.
After decantation the samples were dried at 105 °C . The
method of a model radioactive solution (HloZek et al. 1992a)
was applied to determine the sorption coefficient of the treated

clinoptilolite and mordenite, natural clinoptilolite and mor-
denite, and the synthetic ion exchanger Ostion (the copolymer
of polyester and divinyl with maximum capacity about 4 mgq/g).
The method is as follows: to a vessel containing 100 m! of the
0.05 M solution of Co®* labeled with *Co or the Cs* solution
labeled with *’Cs the 0.5 gsamples of clinoptilolite or mordenite
were added. Then the radioactivity of the solutions was
measured. After 24 hours the radioactivity was determined
again and an additional 0.5 g of the sample was added. These
steps were repeated until total of 10 g of sorbent was added.
Also, some surface characteristics of these materials were
measured :
- the total specific surface (Sper), the surface of mesopores of
diameters 2 - 50 nm (Smeso) and the volume of micropores
(Vmic) were measured by the static volume method of N ad-
sorption at the temperature of liquid nitrogen;
- the total ion-exchange capacity (CEC) was determined by the
static method;
- the crystal lattice changes of modified clinoptilolite and mor-
denite were determined by the X-ray structural analysis.

Results and discussion

The chemical treatment of clinoptilolite and mordenite sub-
stantially affected their ion-exchange ability which is clearly
visible from the sorption coefficient values. Fig. 1 shows the de-
pendence of the model solution radioactivity labeled with “Co
on the amount of added clinoptilolite. Fig. 2 shows a similar
dependency of added mordenite. Vel_')' similar curves were ob-
tained for the Cs solution labeled by *’Cs. Both figures show the
effect of the NaOH treatment on the sorption ability of both
materials. It is clear from Fig. 1 that the sorption ability of cli-
noptilolite treated with 4 M NaOH solution is very close to the
sorption ability of synthetic sorbent. From this, curves of the
sorption coefficients of clinoptilolite and mordenite for Co as
well as Cs were calculated. Fig. 3 shows the clinoptilolite and
mordenite sorption coefficients for Co plotted as a function of
the molar concentration of NaOH used for the chemical treat-
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Fig. 1. Decrease of radioactivity of Co”*model solution after adding
the absorbent (clinoptilolite).

o - natural clinoptilolite; ® - clinoptilolite modified by 1M NaOH
solution; + - modified by 2M NaOH solution; ¢ - modified by 4M
NaOH solution; ¢ - synthetic sorbent Ostion.
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Fig. 3. Dependence of sorption coefficients uco of modified clinopti-
lolite and mordenite on NaOH concentration. Solid line corresponds
to 4o of clinoptilolite, dashed line corresponds to 4co of mordenite.

ment. Similarily, Fig. 4 presents the changes of clinoptilolite and
mordenite sorption coefficient for Cs.The sorption coefficient
for Co was found to increase with the NaOH concentration
(Fig. 3). On the other hand, the clinoptilolite and mordenite
modified with a solution of a lower NaOH concentration (about
0.5 M) demonstrates the highest sorption ability for Cs (Fig. 4).
Both figures indicate that the sorption coefficients are higher for
clinoptilolite than mordenite. This fact can accounted for by a
higher content of an active component in clinoptilolite as com-
pared with that in mordenite and that component manifests very
similar behaviour in both minerals. The treatment of the ma-
terials with sodium hydroxide solutions resulted in a steady de-
struction of their crystalline lattice in the same formation of ze-
olite Na - P is demostrated by their X-ray spectra diffraction
pattern (Figs. 5, 6). The most profound lost of the crystallinity
was observed at the highest concentration of NaOH.
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Fig. 2. Decrease of radioactivity of Co”* model solution after adding
the absorbent (mordenite).

o - natural mordenite; ® - mordenite modified by 1M NaOH solution;
+ - modified by 2M NaOH solution; ¢ - modified by 4M NaOH
solution; ¢ - synthetic sorbent Ostion.
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Fig. 4. Dependence of sorption coefficient ucs of modified clinoptilol-
ite and mordenite on NaOH concentration. Solid line corresponds to
Hcs of clinoptilolite, dashed line corresponds to ucs of mordenite.

The structure changes of both tufites due to treatment with
NaOH solutions were corroborated also by the variation of sur-
face characteristics such as Sger, SMeso and Vmic. At low con-
centrations of NaOH the modification of the crystal structure is
not very pronounced and the observed variation of the specific
surfaces and the micropore volumes an accounted for mainly by
the formation of a monocation lattice. Here the exchangable
cations, e.g. K*, Ca®*, Mg?*, were replaced with the Na* cation.
Presumable, the presence of this smaller cation in zeolite chan-
nel network affects the surface characteristics of the adsorbents.
This assumption is supported by the decrease of volumes a typi-
cal zeolitic micr opores (0.3 - 1 nm) Vmic. Both materials mani-
fested an increase of the ratio of Smeso/Sper with the increase of
NaOH concentration (S represents the specific surface of meso-
pores having their diameters between 2 to 30 nm and it was
obtained by using the method of t - straight line). However, the
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Fig. 5. X-ray diffraction pattern of modified and original clinoptilolite.
1 - original clinoptilolite, 2 - clinoptilolite modified with 1M NaOH
solution, 3 - clinoptilolite modified with 2M NaOH solution, 4 - clinop-
tilolite modified with 4M NaOH solution (Rad. CuKg).
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Fig. 7. Dependence of SgeT , SMESO/SBET and Vmic of modified cli-
noptilolite on NaOH concetration.

0 - SBET; ® - SMESO/SBET; + - VMIC.

shape of plots of Sger and Smeso against the concentration of
NaOH is different for each sorbent. In the case of clinoptilolite (zFlg.
7) the values of both S and S reach their maximumvalue of 53m’.g”
and 54m’. g respectively, at the highest concentration of NaOH
(4M). For the mordenite (Fig. 8), the value of both parameters
decreases steadily with the NaOH concentration. The value of
Sser drops from its original 76 mzl.g'l down to 25 m’.g” and that
of Smeso from 35 mz.g‘ to 19m’ g”. One may conclude, therefore,
that the overall effects of the treatment on the surface charac-
teristics is similar for both materials, i.e. the Smeso/Sger ratio

reaches the same value at the highest NaOH concentration.

Fig. 6. X-ray diffraction pattern of modified and original mordenite. 1
- original mordenite, 2 - mordenite modified with 1M NaOH solution,
3 - mordenite modified with 2M NaOH solution, 4 - mordenite modi-
fied with 4M NaOH solution ( Rad. CuKq).
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Fig. 8. Dependence of Sger, SMeso/SgeT and VMic of modified mor-
denite on NaOH concentration.

0 - SBET; ® - SMESO/SBET; + - VMIC.

However, the treatment affects the specific surfaces of each
material in different way. This results probably from a different
content of zeolitic phase in each material as well as from diffe-
rent properties of the original materials. Another important
characteristic of these materials is the value of Cation Exchange
Capacity (CEC) (meq NH4*/g of adsorbent) i.e. the total
amount of exchange cations. Unlike for mordenite where the
CEC value increases steadily, with NaOH concentration (Fig.
9), the CEC determined for clinoptilolite shows a minimum at
0.25 - 0.5 concentration of NaOH solution.
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Fig. 9. Plot of CEC of treated clinoptilolite and mordenite vs. modi-
fying NaOH concentration.
1 - clinoptilolite, 2 - mordenite.

Conclusion

We have investigated the chemical and physical properties of
clinoptilolite and mordenite treated with NaOH solution. The
chemical treatment caused excessive changes in their crystal lat-
tice. These changes probably reflect the changes in the ion-ex-
change ability and in the above mentioned physical charac-
teristics. The presented results indicate that the changes of
physical and chemical properties of the material are affected by
some factors depending on the NaOH concentration such as:

- cation modification of clinoptilolite and mordenite to a so-
dium form by Na* cations;

- step by step crystal lattice destruction caused by the treat-
ment with NaOH solution.

Chemical treatment of the materials with a low concentration
NaOH solution induces transformation of the polycationic form
of clinoptilolite and mordenite to the sodium form. On the con

trary, treatment at the high NaOH concentration show that the
dominant effect of NaOH is the transformation of crystal struc-
ture into an amorphous one. The above treatment of clinopti-
lolite and mordenite resulted in absorbents with higher sorption
capacity than the original materials.
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