Studies in Surface Science and Catalysis, volurge 15 1051
J.Cejka, N. Zilkova and P. Nachtigall (Editors)
©2005 Elsevier B.V. All righhts reserved.

The effect of concentration and pH on selectivityfaon exchange
in system natural zeolite — N&Zn** aqueous solutions

M. Trgo, J. Peri¢, N. Vukojevié¢-Medvidovié

Faculty of Chemical Technology, University of Split
Teslina 10/V 21000 Split, Croatia
mtrgo@Kktf-split.hr

The removal of zinc ions from synthetic binary $@ns on natural zeolite clinoptilolite has
been studied. The investigations were conductedudy the effect of concentration and pH
value on the selectivity of natural zeolitic tuf80% clinoptilolite) for zinc ions. The results
for different concentrations of binary solutionsvlayielded ion exchange isotherms that
show sigmoid shape for all examined concentrati®hgs indicates a substantial unselectivity
for zinc ions that decreases by the decrease @l tincentration. The selectivity is
significantly improved if solutions originate fromrcetate than from sulphate salts, and by
increasing of pH in the solution from 4 to 5 orTis could be explained by changes of
hydration energy of divalent zinc ion.

1. INTRODUCTION

Natural zeolites are one of the most important gaaic cation exchangers that exhibit
relative high ion exchange capacity, selectivityd anompatibility with the natural
environment. Among them, clinoptilolite has a haffinity for heavy metals and a possibility
of their recovery, particularly from solutions withw concentrations, is of interest in the area
of prevention of environmental pollution. lon exolga using zeolites is an alternative to the
usual wastewater processing. The selectivity ofelchange is the preference that the zeolite-
clinoptilolite exhibits for one cation comparedaother, and a useful parameter in predicting
the zeolite behaviour in practical application [Ajnong other factors, the selectivity depends
on the total concentration in the agueous phad@ncaalence, size and shape. In natural
zeolite clinoptilolite, the Si/Al ratio ranges frodh to 5.2 so it exhibits a preference for
monovalent cations with lower charge density (Q$H,"), or divalent cations with lower
hydration energies (BB [1,2]. The selectivity for cations with higherdnation energy such
as Zrf* could be increased with decreasing of charge gddakion radius. For zinc ions they
are in dependence on the pH value in the solutiaring the ion exchange process. An
evaluation of selectivity may be obtained by stadyihe profile of the ion exchange isotherm
that shows the relation between equivalent catiactibns in zeoliteX;) and the solutionXs)

[2]:
Xomey= (Czme))/ (Cxme)* Czm) (1)

Xsmey= (Csime))/ (Csmeyt Csay). 2
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where

cs— concentration in the solution, mofL
c,— concentration in the zeolite, mof-L
Me — metal ion,

A — exchangeable ion.

This isotherm is easily obtainable from the equilim data and gives exact selectivity
estimation.

2. EXPERIMENTAL

Experiments have been performed on samples ofptliobte tuff from the mineral deposit
Vranjska Banja (Serbia and Montenegro). Charactéois by the qualitative X-ray analysis
has indicated the major mineralogical componerttgalinoptilolite (>80%), with quartz as
main impurity, and a low content of clay mineraisnhatural zeolitic sample has been milled
and dry sieved, producing three fractions: <0.04, @®4-0.10 mm, and 0.10-0.40 mm. Each
fraction has been separately preconditioned ireartbstated shaker with the NaCl solution at
37°C for five days, and dried at 60°C. These samptansformed into a homoionic Na-form,
have been analysed, and the empirical formula len lxalculated from results of the
chemical analysis, based on twenty-four oxygensupércell:

(Na1,54g Ko.ogg) (C(’:b.144 Mgolloe) (A|1.975 FQ).193) (Si9.838) 024 %6.18 HO. The Si/Al ratio equals
4.979 and corresponds to the ratio of idealisedusedlinoptilolite [3].

The theoretical exchange capacififeC) of homoionic Na-clinoptilolite has been calcuthte
from the empirical formula according to equatior¥]2

TEC=[(n(AI*" +Fe™))-(n(K")+n/2(Ca’ +Mg™))] x0.5/M 3)

where
n— number of moles
M — the molar weight of the Na-clinoptilolite, mot.g
The TEC calculated by equation (3) equals 1.¥10° equivalents per gram of Na-
clinoptilolite, (eqg).

lon exchange experiments were performed by eqatlitg a weighted amount of the
sample, grain size 0.04-0.10 mm with a series wétyi solutions of N&5O, and ZnSQ salts.
The mass/volume ratio was in range 0.0015-0.014 @&kperiments were conducted at
231£1°C in a thermostated shaker for three daysmFoor previous experiments we have
established that equilibrium was achieved up tdh@drs [5]. The zinc and sodium cations
were at different equivalent concentration ratioghie solution, but at constant total normality
equal to 0.0005, 0.005 and 0.05 equivalents perdit solution [2,4,5,7]. Examinations of ion
exchange at different initial pH values were alsoried out under the same experimental
conditions by equilibrating a weighed amount of saenple with a series of binary solutions
of NaAc and ZnAc, at a constant total normality a&gto 0.005 equivalents per litre of
solution. The mass/volume ratio was in range 0.66@0045. The initial pH values of 4, 5
and 6 were adjusted by a few drops of acetic aottlkeept constant during three days of the
experiments. The concentration of zinc remaininghim liquid phase after equilibration was
measured by complexometric titration with the hyghkelective indicator 3,3-
dimethylnaphtidine, or spectrophotometrically bg #incon method [8].Equivalent fraction
of Zn** on the zeolitic phas¥,z, and equivalent fraction of Zhon the liquid phaskyzy are
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dimensionless and were calculated for each expatahseries from the experimental data on
initial and final concentrations in the liquid pkagheoretical exchange capacity and the
volume of solution/weight of zeolite ratio [4]:

Xa(zn)= ((Co-Ce) W)/ (MXTEC) (4)
Xs(Zn): (2X Ce)/ TN (5)
where

Co — initial concentration of zinc in the binary soaut, mmol L*

ce — equilibrium concentration of zinc in the binaglution, mmol [*
V — volume of the binary solution, L

m — mass of the zeolite, g

TN — total normality of the binary solution, edf L

3. RESULTS AND DISCUSSION

The isotherm data for the NZn** system of different concentration ratios have been
calculated from the equilibrium experimental reswlsing equations (4) and (5), and plotted
for total normality of 0.05 eqt and 0.005 eqt (Fig. 1.). The data for 0.0005 eglhave not
been plotted because allZiions have been exchanged for all initial conceinmaratios.
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Fig. 1. Effect of the total normality of the binasglution NaSQ,/ZnSQ, on selectivity for zinc ions.

The shape of plotted curves indicates a strongrdbgee of the isotherm profile and ion
exchange selectivity on total concentrations ofbyrsolutions [4,7,9,10]. The selectivity of
Na-clinoptilolite sample for zinc ions increasesthwithe decrease of the total cation
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concentration. The characteristic sigmoid shapieatherm curves is typical for the Man**
system, which involves ion exchange between a maleavand a divalent cation. This shape
of curves is characterised as a substantial urtsetgf Na-clinoptilolite towards divalent
Zn** ion that occurs at high hydration energies [1,2].

A significant difference of ion exchange seledyivis observed in the NaAc/ZnAc
system compared to the MED,/ZnSQ, system. The equilibrium isotherms of these two
systems were compared in order to understand feetedf the anion and pH of the binary
solution on the selectivity. Figure 2 shows the éxchange isotherms of zinc ions for acetate
and sulphate binary solutions for the same totahatity of 0.005 eqL.

1 a
W
PO

0.8 1

g P
N '
x 7
0.2 ff ¢ Na,S0,/ZnSO,
s NaAc/ZnAc,
0\ T T T T
0 0.2 0.4 0.6 0.8 1

Xs(zn) (-)

Fig.2. Comparison of selectivity for zinc ions frdrimary solutions of different anions at the same
total normality of 0.005 edlwithout adjustment of the pH value.

The equilibrium pH values in the B80,/ZnSQ, system ranged from 5.06 to 5.87, and in
NaAc/ZnAc one from 6.02 to 6.60. The selectivity in acetaiteary solutions is higher than
in sulphate binary solutions that could be attelouto higher pH values due the hydrolysis of
acetate ion as a weak acid anion:

CHsCOO + H,0 < CH,COOH + OH. (6)

Examinations of selectivity for zinc ions in acetdiinary solutions of different pH have
confirmed that a slightly increased pH value ispogsible for the increased selectivity.
Namely, the selectivity in the binary solutionstaffal normality of 0.005 eqt.increases with
increasing pH value of the solution from pH=4 tog®Hand pH=6. These isotherms are
shown on Fig. 3. The slightly increased concerdratf OH ions induces forming of zinc-
hydroxyl species, particularly ZnOkHaccording to the reaction [11-13]:

Zn(H,0)¢** + OH < Zn(HO)kOH" + HO. (7)
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Zinc ion is coordinated with six water moleculesddmas a high hydration energy that
decreases its mobility within zeolite structure.
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Fig. 3. The ion exchange isotherms for zinc ionsl@a\c/ZnAg solution at total normality
0.005 egland different pH values.

The low concentration of the formed zinc-hydroxylesies could changes ion exchange
reaction from a mono-divalent to mono-monovaleiitc&us zeolite such as natural zeolite-
clinoptilolite prefers monovalent cations with awlacharge density, so it becomes more
selective for zinc. At increased pH value, the iotpaf competition exchangeable’ kbn is
negligible that increases the number of exchangesitds in the clinoptilolite structure.

4. CONCLUSIONS

The natural zeolite-clinoptilolite shows a substntinselectivitiy for zinc ions from the
binary NaSO/ZnSQ, system. The selectivity is higher at lower totahcentration of ionic
species e.g. at lower total normality. At total imn normality of 0.005 edt the
clinoptilolite is more selective for zinc ions inaNc/ZnAg than in NaSO/ZnSQ, solution
systems. That is attributed to the impact of pHhef solution on ion exchange of zinc ion on
clinoptilolite. At pH near 6, zinc ion exists ales monovalent zinc-hydroxyl specie, which
could changes the type of the ion exchange reattianono-monovalent. This reaction type
makes clinoptilolite more selective for zinc iomst could become the critical parameter for
the practical use of clinoptilolite in heavy metaoval processes.
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