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The uptake of different metals by natural and chemically modified ionexchagers,
including zeolites, were studied in order to minimize the contamination of environment with
metals in ionic form. In recent yers considerable attention has been devoted to the studies of
chemically modified zeolites their properties and applications. The used zeolite originated from
the deposit Nizny Hrabovec, eastern Slovakia (NH) and from deposit of Ukraine (U). The
zeolite from Slovakia is a clinoptilolite /40 - 70%/ type, the zeolite from Ukraine is a mixed
mordenite /75%/ and clinoptilolite /25%/ type. A fraction of 1.5 -2.5 mm was separated from
the grained zeolite by sieving. The sedimentary zeolites, being the siliceous zeolites, should
exhibit substantial nonselectivity for the divalent cations having a high hydration enthalpy,
including zinc (-2026 kJ/g). Zinc is an essential trace element in all-living systems from bacteria
to humans. The toxicity of zinc and most of zinc compounds is generally low, however,
sometimes industrial and household wastes contain zinc in concentrations, which can be
harmful to the environment. The zinc-accompaning impurities, such as cadmium and lead, are
of much greater danger. The main source of zinc are waste waters and continuous emission from
the production and processing of zinc, other nonferrous smelters, from coal power plants and
fossil combustion.

The presented zeolites were transformed into a monocation form by treatment with
various Na salts (Tab.2). Chemical modification considerably extends the application of
zeolites and increases their effectiveness and selectivity mainly for the sorption of multivalent
and hydrated cations [1-3]. Chemical treatment of zeolite with aqueous solutions of Na-salts can
to change its cation exchange capacity (CEC). Therefore, the CEC values for all mentioned

materials were determined by extracting NH4 cations from the NH4 saturated samples. The

CEC values of zeolites in mmol NH4 /g are given in Table 1.

Table 1. Values of CEC for the zeolites modified with NaOH solution

Concentrations of modifying
NaOH solution [mol/1] 0 0.5 1 2 4 6

CEC [mmolNH4
+/g] 1.38 1.68 1.77 1.98 2.2 2.3

The resulting values of CEC were found to be depending on the kind of Na-salt and the
concentration of solution used for the modification of zeolite. In the case of aqueous NaOH
solution the CEC value increases with its increasing concentration. The CEC values of the
zeolites modified with 1 or 4 mol/1 solutions of Na2CO3, NaHCO3 and NaCl were found to be in

the range of 1.77 -1.78 mmol NH4
+/g. The treatment of zeolite with these solutions lead only to

a partial exchange of cations and the exchange ability of these zeolitic materials is even lower
compared with NaOH treated zeolite.

The static radioexchange method using model radioactive solutions was utilized for the
determination of the sorption of Zn by the mentioned above zeolitic materials. For this purpose
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the aqueous solution of 5.10 mol/1 ZnCl2 labelled with Zn was used. The average activity of 1
4

ml of the labelled solution was 2x10 cpm.
The static radioexchange method is as follows: to the individual vessels containing each

15 ml of the labelled zinc solution it was added 50, 100, 150, 200, 250 or 300 mg of Na-
zeolites. The mixtures were slowly stirred for period of 24 hours. Then the radioactivity of a 5
ml aliquot of each mixture was measured by y-ray spectroscopy with Nal(Tl) detector.

The sorption characteristics - sorption coefficient u., distribution coefficient K_ and
sorption capacity F of natural and chemically treated zeolites were calculated. The distribution
coefficient KD can be used as a measure of the ability of materials to remove cations from

solutions. This value is important for the calculation of the separation efficiency of materials. It
is known that the distribution coefficient, in general, depends on the concentration of the cations
in solution as well as on the presence of other cdmpetitive cations. The distribution coefficient
KD was calculated for the sorption of zinc by the zeolites from the aqueous solution, having the

zinc concentration of 3.33 mg/ml. Sorption characteristics of the zinc uptake by the investigated
zeolites are presented in Tab. 2.

Tab. 2 Sorption characteristics of natural and

chemically modified zeolites

Material

modified with

Nizny Hrabovec
natural (NH)

0.5 mol/1 NaOH

1 mol/1 NaOH
2 mol/1 NaOH
4 mol/1 NaOH
6 mol/1 NaOH

1 mol/1 Na2CO3

1 mol/1 NaHC03

1 moUl NaCl

4 mol/1 NaCl

Ukraine
natural (U)

1 mom NaOH

4 mol/1 NaOH

[mg/g]

2,0

35,5
36,8

40,3
84,0
89,0

41,8

45,8

25,5

35,3

2,4

47,3

51,8

KD

[ml/g]

1,2
10,9

11,5
15,6
42,3
37,6

16,0

17,7

11,4

13,4

1,4
19,9

19,6

r
[mmol/g]

0,06

0,49
0,52
0,68

1,49
1,36

0,69

0,75

0,51

0,59

0,11

0,83

0,82

The maximal exchange levels were attained as follows: 25-fold increase by using
zeolitic material from Nizny Hrabovec modified with 6 mol/1 NaOH solution, 22-fold increase
for the some zeolite modified with 4 mol/1 NaOH and 16-fold increase by using the zeolite from
Ukraine modified with 4 mol/1 NaOH as compared with the unmodified zeolite. 7 - 12-fold
increase was achieved by using zeolite from Nizny Hrabovec modified with mentioned Na-salt
solutions.

It was etablished that the pH is the most important parameter affecting the adsorption.
The adsorption of polyvalent metal ions (include zinc ions) from solutions on natural and
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chemically modified zeolites is a considerably more complex process and depends in a critical
way on the pH of these solutions. Such ions easily hydrolyze to give a variety of soluble
complex species and, frequently, insoluble hydroxides at rather low pH values. Thus, an increase
in pH not only affects the surface of the zeolite but also changes the entire composition of the
adsorbate in solution. The zeolites chemically modified with Na-salt solutions change pH as
well. They are able to increase the pH of the solution of cations. The initial pH of ZnCl2 solution

was 4.11 and by the adding any of chemically treated zeolites was increased up 6.5.
The sorption of zinc at the select pH 1,2, 3, 4, 5 continuously adjusted during sorption

experiments was studied by static radioexchange method as well (Fig. 1). Tested mixtures in this
case, were prepared as follows: hydrochloric acid was used to adjust the pH of the model

solution of ZnCl2 labelled with Zn to 1, 2, 3, 4 or 5. The solutions were slowly stirred for 24

hours at room temperature, and the pH of each sample was maintained at its initial value. The
radioactivity of a 5 ml aliquot was measured by Nal(Tl) detector after 24 h.

The effect of the pH of ZnCl2 solution on the sorption of zinc by investigated zeolites is

showed in Fig. 1. The experimental results show that the best sorption of zinc by mentioned
zeolites was in the pH range of 3 to 6.5. Chemically treated zeolites spontaneously increase pH
of Zn-solutions and this fact can be very advantageous in using the modified zeolites for very
acidic waste waters. The chemically modified zeolites "adjust" the pH of solution to a value
were the cation sorption is at its maximum.
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Fig. 1 The effect of pH on the zinc uptake

The leaching of cations and radionuclides from loaded zeolites is an important process
that affects their applicability as barrier materials. The leachability (L) of zinc from the loaded
zeolites into water (pH=7), basic (NaOH, pH=12.3) and acidic (HC1, pH=3.5, 2, 1) aqueous
solutions was in the following way: a sample of loaded zeolite was added into each of the
solution and kept there for a period of 7 days at the room temperature. Then the radioactivity of
a 5 ml aliquot was measured by Nal(Tl) detector. The solid material was washed with distilled
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water, dried and then its radioactivity measured. The results of the leaching experiments are
presented in Fig. 2 and 3.
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Fig. 2 The leachability of zinc from loaded zeolites at various values of pH
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Fig. 3 The leachability of zinc from loaded zeolites at various values of pH

The areas of application of natural zeolites have been well defined. However, their use
can become more efficient after chemical modification. The zeolites acquire new valuable
properties, while retaining their original ones. The obtained results make these materials
excellent candidates for their potential use for waste water and radioactive waste water
decontamination.

1. Foldesova M., Dillinger P., Lukac P.: Properties of NaOH-treated Slovak zeolitic tuff and its
sorption ability towards some cations, In: P.Misaelides et al./eds. /, Natural Microporous
Materials in Environmental Technology, 303-318, Kluwer Academic Publishers, 1999
2. Foldesova M., Dillinger P., Lukac P.: Sorption and desorption of Fe(III) on natural and
chemically modified zeolite, J. of Radioanalytical and Nuclear Chemistry, Vol. 242, No.l, 227-
230,1999

XXIV DRO Demanovska dolina 30



3. Foldesova M., Dillinger P., Lukafi P.: Sorption and desorption of Cr(III) on natural and
chemically modified Slovak zeolites, J. of Radioanalytical and Nuclear Chemistry, Vol. 245,
No.2, 435-439,2000

XXIV DRO Demanovskd dolina 31


