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ADbstract: The aim of this article is characterization of natural zeolite (clinoptilolite) and its application for
removal of heavy metals from aqueous solution. Characterization of the natural zeolite from Beli Plast deposit, Kardjali,
was conducted using: classical chemical analysis, XRD, SEM/EDS, DTA/TG/DTG, XRF, FTIR and BET. Based on
the results of the chemical composition, XRD, SEM/EDS and FTIR analyses, it is evident that the major component of
the working material (~ 95%) is clinoptilolite. In fact, the working material is alumino-silicate with high silicate module
and it is of clinoptilolite type. The applied material has the specific surface area of 31.3 m?g determined by BET
method with nitrogen adsorption. The maximum capacity of clinoptilolite towards zinc, nickel and cobalt removal
under the studied conditions is approximately 3.5 mg/g, for copper and manganese is approximately 4.5 mg/g and for
lead ions is approximately 30 mg/g. Natural zeolite (clinoptilolite) was used as a potential raw material for the purpose
of removal of Cu(Il), Zn(Il), Mn(Il), Pb(II), Co(Il) and Ni(II) ions from model solutions. The experimental results
were obtained in a laboratory scale batch glass reactor with continuous stirring at 400 rpm. The adsorption of studied
heavy metal ions from solution were efficiently onto used adsorbent and approximately 90% from ions were removed
from single ion solutions. Generally, it can be concluded that studied clinoptilolite is a potential raw material for
effective removal of heavy metals ions from various types of waste waters.
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1. INTRODUCTION

Zeolites are crystalline minerals that are
broadly distributed in nature. During the millions of
years, the layers of volcanic ash underwent some
physical and chemical changes on exposure to high
temperatures and pressures, which resulted in the
formation of a diverse group of zeolites.

Zeolites are crystalline aluminosilicates with
open 3D framework structures built of SiO4 and
AlO; tetrahedra linked to each other by sharing all
the oxygen atoms to form regular intracrystalline
cavities and channels of molecular dimensions.
Zeolite frameworks are made up of four coordinated
atoms forming tetrahedra, which are linked by their
corners. This feature makes a rich variety of beauti-
ful structures of zeolite. The framework structure of
zeolite contains channels, cages, and cavities. These
are linked and big enough to allow easy drift of the
resident ions and molecules into and out of the
structure. Zeolite’s low specific density is the result
of the system of large voids, which are interconnec-

ted and form long wide channels of various sizes
depending on the compound (Peskov, 2015). This
ability puts zeolites in the class of materials known
as "molecular sieves".

Zeolites are very useful minerals. They have
been used in various industries recently. This is due
to their many attractive characteristics. There are
three main uses of zeolites in industry: catalysis,
adsorption, and ion exchange.

Application of zeolites in waste water treat-
ment is very important. The properties that make
natural zeolite an attractive alternative for the treat-
ment of waste water are as follows: They are cheap
since they are relatively abundant (Cui et al., 20006).
They have a favorable cation exchange capacity
(CEC) (Yuan et al., 1999). They have good selec-
tivity for cations (Malliou et al., 1994). Zeolites
have a high surface area due to their porous and
rigid structure (Alvarez-Ayuso et al., 2003). They
also act as molecular sieves, and this property can
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easily be modified to increase the performance of
the zeolite (Sprynskyy et al., 2006). In acidic condi-
tions, the zeolites have good structural stability and
can be regenerated easily. The acidic solutions can
be neutralized by zeolite, which is achieved through
the exchange of H" ions from solution with the cat-
ions in the zeolite structure (Leinonen et al., 2001).

Because of these features, zeolites have been a
growing interest in the adsorption of heavy metals
from solution. Many researchers have shown the
feasibility of using natural zeolite in the adsorption
of heavy metals under different experimental
conditions such as temperature, pH, concentration,
and agitation speed (Erdem et al., 2004; Motsi,
2010; Cincotti et al., 2006).

The Balkan Peninsula is rich with natural zeo-
lites. In this paper the zeolite, type clinoptilolite
from the Beli Plast deposit, Kardjali, is studied. It is
studied from several authors. About the geology of
Eastern Rhodopes Mountains, Bulgaria, where Beli
Plast deposite is located, writes Yanev (Yanev et al.,
2006). Dimova studies in detail the structural chan-
ges that take place in clinoptilolite, when under-
going greater Zn*" exchange at higher temperatures

and durations (Dimova et al., 2008). Taneva in her
study determined the optimal parameters of ion-
exchange of ammonium ions and sorption of phos-
phate ions using activated and modified Bulgarian
clinoptilolite (Taneva, 2012). Popov et al. (2012)
characterized natural zeolites in their study and
made comparison of the Bulgarian deposits Belia
Bair and Beli Plast with zeolite from Northern
Chile. Markovska studied determination of the
order of selective adsorption of heavy metals by
natural clinoptilolite and synthetic zeolite type L
(Markovska et al., 2017).

In this study besides the characterization of
natural zeolite (clinoptilolite) from the Beli Plast de-
posit, Kardjali, the application for removal of heavy
metals (Cu(Il), Zn(II), Mn(II), Pb(Il), Co(II) and
Ni(I) ions) from aqueous solution is also studied.
Characterization of the natural zeolite was conduc-
ted using: classical chemical analysis, XRD, SEM
/EDS, DTA/TG/DTG, XRF, FTIR and BET. The
maximum capacity of the clinoptilolite was de-
termined through Langmuir and Freundlich adsorp-
tion isotherm models.

2. BRIEF GEOLOGY OF BELI PLAST DEPOSIT

During the Paleogene, after the Mesozoic-
Cenozoic subduction leading to the closure of the
Tethys Ocean, microplates of African origin collid-
ed with the southern edge of the Eurasian plate
(Ricou, 1994). Significant collision-related mag-
matism (Yanev and Bahneva, 1980; Yanev et al.,
1998) occurred on the southern edge of the Eurasian
plate and resulted in formation of many volcanic
areas extending from the Alps to northwestern
Turkey. One of them is Eastern Rhodopes (southern
Bulgaria) where ca. 7000 km? are now covered by
volcanic rocks. The Eastern Rhodopes volcanic
association (37 to 25 Ma, Lilov et al., 1987) is bi-
modal andesite-latitic (1ocally up to basaltic) and
rhyolitic in composition. Intermediate and acid vari-
eties are present in almost equal volumes. The acid
volcanic glass, deposited in marine environment,
was transformed into zeolites, mainly clinoptilolite,
less mordenite and analcime, accompanied by clay
minerals, opal-CT and adularia (Yanev et al., 2004).
In the top of the pyroclastic sections in some places
non-zeolitized glass is still preserved. After the dis-
covery of the zeolitized tuffs (Aleksiev, 1968) an
impressive amount of work on the Eastern
Rhodopes zeolitized pyroclastic rocks dealing with
zeolite mineralogy (Kirov, 1974; Djourova, 1976)
and features of some zeolite deposits (Aleksiev and

Djourova, 1982, Djourova and Aleksiev, 1990, and
references therein; Raynov et al., 1997; Ivanova et
al., 2001) has been published.

Several intermediate and acid volcanic phases
alternating in time have been distinguished (Ivanov,
1963; Yanev et al., 1998). The first two of them
(acid and intermediate) are Priabonian, all the others
are Rupelian, named 1s, 2nd, 3rd and 4th Early Oli-
gocene phases, respectively. In the Late Oligocene,
this volcanic activity was followed by dyke intrusi-
on. Here is given brief description of the products of
the acid phases because only the acid glass is zeoli-
tized (Figure 1). Bentonitized latitic beds separate
the pyroclastics of the acid phases.

Beli Plast, Gorna Krepost, Most and Golobra-
dovo belong to the 1st Early Oligocene phase of
volcanism, Belia Bair, Zhelezna Vrata and the
uppermost parts of the Gorna Krepost — to the 2nd
phase (Yanev et al., 2004). The mordenite deposit
Liaskovetz belongs to the 1st phase. Actually in
exploitation are Beli Plast and Zhelezna Vrata. The
quantity of the zeolitized material in these deposits
varies between some tens to some hundreds of
millions of tons. The results of the geological
research are summarized in Raynov et al., (1997)
and references therein.
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Fig. 1. Distribution of acid pyroclastic rocks from proxymal volcanic phases (First Early Oligocene acid phase) in the Eastern
Rhodopes (modified from the Geological Map of Bulgaria 1:100 000), their alteration products (zeolites and clay rninerals)
and deposits; dashed line indicates limit of distribution of the pyroclastic flows+fall-out tuffs: dotted line indicates limit
of distribution of the fall-out tuffs only . Numbers indicate: clinoptilolite deposits — 2. Most; 3. Gorna Krepost; 4. Beli Plast;
5. Golobradovo; 6. Moriantzi; 7. Liaskovetz mordenite deposit, 8. Sheinovetz caldera (clinoptilolite+mordenite)

3. MATERIAL AND METHODS

The natural zeolite (clinoptilolite) from the
Beli Plast deposit in the Eastern Rhodopes region,
Kardjali, Bulgaria, is used for the research.

Particle characterization reveals information
on the physical and chemical nature of zeolite
particles, which is related to its ability to remove
heavy metal ions from solution. Characterization of
the natural zeolite was conducted using several
advanced analyses.

3.1. Analytical methods

A classical silicate chemical analysis has been
applied for determination of the chemical compo-
sition of the raw material and particle size distribu-
tion was define using sieve analysis.
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X-Ray Diffractometer 6100 from Shimadzu
was used to investigate the mineralogical structure
of natural zeolite samples. The surface morphology
of natural zeolite was studied using a scanning
electron microscope, VEGA3 LMU. This particular
microscope is also fitted with an Inca 250 EDS
system, Energy Dispersive Spectroscopy. Thermal
analysis of the natural zeolite (clinoptilolite) is
carried out in an inert stream of nitrogen with a
heating rate of 10°/min using the DTA analyzer.
XRF analyses were performed using XRF ARL
9900 XP. FTIR spectra for the structural analyses
were recorded using the KBr pellets in the wave-
length range of 500-4000 cm™! with Perkin-Elmer
Spectrum 100.

Specific surface area of clinoptilolite was
determined by BET method using Micrometrics
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TriStar II 3020 with adsorption of nitrogen. The
determination of CEC followed the Standard Test
Method for Methylene Blue Index of Zeolite,
according to the ASTM C 837 — 81.

3.2. Experimental procedure and conditions

Adsorptions of heavy metals ions (Cu(Il),
Zn(II), Mn(II) and Pb(II)) on natural zeolite (clino-
ptilolite) were performed with synthetic single
component ion solutions of Cu(Il), Zn(II), Mn(II)
and Pb(II) ions with different initial concentration
(5, 25, 50, 200 and 400 mg/l). Synthetic single
compo-nent solutions of these metals were prepared
by dissolving a weighed mass of the analytical gra-
de salt CuSO4'5H,0, ZnSO4 7H,0, MnSO4-H,O
and Pb(NOs),, appropriately, in 1000 ml distilled
water. Initial pH value 3.5 of prepared solutions was
adjusted by adding 2% sulfuric acid and controlled
by 210 Microprocessor pH Meter. The experiments
were performed in a batch mode in a series of
beakers equipped with magnetic stirrers by contac-
ting a mass of 5 g adsorbent with a volume of solu-
tion, 100 ml. Adsorbent and aqueous phase were
suspended by magnetic stirrer at 400 rpm. The
agitation time was varied up to 360 minutes. All
experiments were performed at room temperature
on 20 £ 1°C. The initial and remaining concentrati-
ons of metal ions were determined by ICP-AES
Agilent (Zendelska et al., 2015; Zendelska et al.,
2015; Golomeova et al., 2016).

Adsorptions of heavy metals ions Co(Il) and
Ni(IT) on natural zeolite, clinoptilolite, were per-
formed with model solutions of Co(NOs), with
different initial Co(II) concentration (350—650 pg/l)
and Ni(NOs), with different initial Ni(I) concen-
tration (350—650 pg/1). The agitation at 400 rpm was
varied up to 300 minutes at room temperature on 22
+ 1°C. The experiments were done in volume of
solution of 200 ml, at pH value 6 and 0.5 g mass of
adsorbent (Jakupi, 2016).

The adsorption capacity was calculated using
the following expression:

ge = 2 (mgg), (1)
where: g, is the mass of adsorbed metal ions per unit
mass of adsorbent (mg/g), Cy and C, are the initial
and final metal ion concentrations (mg/l),
respectively, V is the volume of the aqueous phase
(1) and m is the mass of adsorbent used (g).

Degree of adsorption, in percentage, is calcu-
lated as:

AD% = (1 - g—o) -100. )

3.3. Equilibrium studies

Equilibrium studies generally involve the de-
termination of the adsorption capacity of a given
material. This determination is important in acces-
sing the potential of the material as an economic and
commercially viable adsorber.

Experimental data were also fitted to conven-
tional adsorption mathematical models, namely the
Freundlich and Langmuir models. These were used
to predict the adsorption performance of clinopti-
lolite. The Langmuir isotherm model (Langmuir,
1918), based on monolayer coverage of adsorbent
surfaces by the adsorbate at specific homogeneous
sites within the adsorbent, is represented as:

_ qamKCe
e T 1+KC] ©)

where g, (mg/g) is the amount of solute adsorbed
per unit mass of adsorbent at equilibrium; C, (mg/1),
is the residual adsorbate concentration in solution at
equilibrium; q,, (mg/g) is the amount of solute
adsorbed per unit mass of adsorbent corresponding
to complete coverage of available sites, K; (I/mg), is
the Langmuir adsorption coefficient, this constant is
related to the affinity between the adsorbent and
solute which is evaluated through linearization of
Equation 3:

1 1 1

+ (4)

de - ki1amCe dm

The Freundlich isotherm model, based on
monolayer adsorption on heterogeneous surfaces
with a non-uniform distribution of adsorption heat,
is represented as:

qe = kpC", (5)

where ky and n are empirical Freundlich constants
that are dependent on experimental conditions. ky
(mg/g) is an indicator of adsorption capacity, while
n(g/l) is related to the adsorption intensity or
binding strength. Their values were determined

from the linear form of the Freundlich equation,
given by:

logq. = logky +~logC,, (6)

where 1/n is the heterogeneity factor; values of 1/n
<< 1 indicate heterogeneous adsorbents, while va-
lues closer to or even 1 indicate a material with re-
latively homogeneous binding sites (Papageorgiou,
2006).

Geologica Macedonica, 32, 1, 21-32 (2018)
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4. RESULTS AND DISCUSSION

4.1. Characteristics of clinoptilolite

4.1.1. Classical chemical analysis

Particle characterization reveals information
on the physical and chemical nature of natural
zeolite particles, which is related to its ability to
remove heavy metal ions from solution.

Table 1

Chemical composition and physicochemical
characteristics of zeolite samples

Physical properties
hydrated 2.16 g/em?
Density
dehydrated 1.88 g/cm?
Thermal dehydration Up to 500°C
Damp max 10%

Pore volume 0.34 cm® H2O/cm?® crystal

Chemical properties

Typical chemical composition in % wt

SiO2 69.68 CaO 2.01
AlLO3 11.40 Na20 0.62
TiO2 0.15 K20 2.90
Fe203 0.93 5610) 13.24
MgO 0.87 P20s 0.02
MnO 0.08 ratio Si/Al 4.0-5.2

Total cation exchange capacity  1.8-2.2 meq/g

The natural zeolite from Kardali, Republic of
Bulgaria, was used in a recent study.

The general characteristics of used natural zeo-
lite, such as chemical composition, physical charac-
teristics and cation exchange capacity are presented
in Table 1. The particle size range of the natural
zeolite used in this study was 0.8-2.5 mm.

4.1.2. XRD analysis

This technique is based on observing the
scattering intensity of an X-ray beam hitting a
sample as a function of incident and scattered angle,
polarization, and wavelength or energy. The diffrac-
tion data obtained are compared to the database
maintained by the International Centre for Diffrac-
tion Data, in order to identify the material in the
solid samples. Measurements are performed at an
interval of 26 angle from 0 to 80°. XRD diffracto-
gram shows that in the range of 26 angle of 20-25°
an intense peak appears at the angle of 22° which is
characteristic for the natural zeolite (clinoptilolite).
Other clearly expressed intensive reflexes point of
the crystal structure of a strictly defined crystal latti-
ce characteristic for clinoptilolite. In fact these
reflexes show tetrahedral structure of zeolite, cha-
racteristic for its canals and cavities. The results of
XRD (Figure 2) showed that the natural zeolite con-
tained clinoptilolite in the majority and quartz in
minority.

Popov (Popov et al., 2012) studied clinopti-
lolite from the Beli Plast deposit and shows that
their sample is with 82% clinoptilolite obtained by
semiquantitative X-ray diffraction analysis on a D-
500 Siemens diffractometer.
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Fig. 2. X-ray diffraction of natural zeolite

4.1.3. SEM/EDS
Micrographs of natural zeolite samples ob-

tained from SEM analysis are given in Figure 3. The
micrographs clearly show a number of macro-pores
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in the zeolite structure. The micrographs also show
well defined crystals of clinoptilolite.

An electron beam was directed onto different
parts of the samples in order to get a more accurate
analysis (Figure 4) and the elemental composition
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of natural zeolite (clinoptilolite) is presented in (clinoptilolite) structure were K and Ca®". The
Table 2. same can be confirmed from the chemical analysis
Results of EDS analysis showed that the pre- (Table 1). Popov et al. (2012) in their study show

that the predominant exchangeable cations in zeolite
from thye Beli Plast deposit are Ca-K-Na.

dominant exchangeable cations in natural zeolite
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SEM HV: 20 kV WD: 15.23 mm | SEM HV: 20 kV WD: 15.28 mm
View field: 233 pm Det: SE View field: 94.3 ym Det: SE

ectrum 3

| T ———— |
900pm

Electron Image 1

e
900um Electron Image 1

T
Electron Image 1 a0oum

Fig. 4. EDS analysis showing the scanning method for natural zeolite

Table 2
EDS analysis showing the elemental composition of natural zeolite
Element Spect 1 Spect 2 Spect 3 Average Std. deviation

o 58.46 554 58.83 57.56 1.882
Na 0.27 0.15 0.3 0.24 0.079
Mg 0.72 0.66 0.77 0.72 0.055
Al 5.28 5.52 5.03 5.28 0.245
Si 29.55 31.36 29.47 30.13 1.068
K 2.73 2.96 2.44 2.71 0.26
Ca 1.9 2.42 1.66 1.99 0.388
Fe 1.1 1.53 1.5 1.38 0.24

Total 100 100 100 100

Geologica Macedonica, 32, 1, 21-32 (2018)
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4.1.4. Thermal analysis

DTA, TG and DTG analyses of natural zeolite
(clinoptilolite) are presented in Figure 5.

The conducted thermal analyses show the
occurrence of endothermic effects, typical for natur-
al zeolite, that do not cause structural changes, and
these curves are result of the thermal dehydration
wherein the investigated natural zeolite loosens
physically and chemically bound water. DTG curve
in Figure 5 shows intense peak at temperature of
100°C, resulting from the beginning of the thermal
dehydration.

—DTAWY) | 4500k 100
— TG (ug)
—— DTG (ug/min)

I 80
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I 16500
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Temp. (Cel)
Fig. 5. DTA, TG, DTG of natural zeolite (clinoptilolite)

In order to define the maximum level of
thermal dehydration of the investigated material, the
TG curve of the clinoptilolite is shown in Figure 5
as well. The curve, which is exponentially decrea-
sing function, suggests that the maximum thermal
dehydration occurs at the temperature range of 450—
500°C, after which the system enters the steady
state. Based on this TG curve, the loss of ignition is
determined and is from 12.94 to 13.24% mass.
Based on these studies, the further working con-
ditions for quantitative XRF analysis are defined.

4.1.5. XRF analysis

In order to determine the quantitative presence
of the oxides in the working material, natural zeolite
(clinoptilolite), XRF (X-ray fluorescence) analysis
was conducted. The results of quantitative compo-
sition are given in Table 3.

The results listed in the Table 3 confirmed that
this is a highly silicate natural porous material, with
abundance of SiO,, 67.83% mass. The ratio
SiO/Al,0s3 is 6/1 which shows that the major com-
ponent of the material ~95% is clinoptilolite. The
loss on ignition is 12.94% mass. and is due to the
presence of chemically bound water in the channels
and cavities of the tetrahedral structure of zeolite.
The analyses were performed by igniting the sample
at 950°C for 1h. This temperature was selected ba-
sed on the results of the conducted thermal analysis.

Table 3

Composition of the clinoptilolite obtained by XRF analysis
Components N(0)) ALOs3 CaO MgO | Fe203 | Na2O | TiO2 | SrO Mn20s | K20 ZnO | LOI
% mass 67.827 | 11.466 | 3.024 | 0.767 | 0.727 | 0.474 | 0.125 | 0.057 | 0.056 0.045 | 0.010 | 12.94

4.1.6. FTIR analysis

FTIR spectrum of clinoptilolite is shown in
Figure 6. Analyzing the FTIR spectra, following can
be concluded: intense band that occurs in the range
of 3400-3500 cm ™' results from vibration of OH-
groups of the present water. Band that appears in the
range of 1600-1650 cm™! is a result of molecularly
bound water in the structure (deformation vibrati-
on). The vibration bands at 950-1250 ¢cm™ result
from the structural units of the alumino-silicate
lattice Si (Al)-O of the zeolite. Based on this struc-
tural analysis it is confirmed that this is a nano-
porous alumino-silicate material with defined crys-
tal structure and the presence of free and chemically
bound water.

Geologica Macedonica, 32, 1,21-32 (2018)
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Fig. 6. FTIR spectrum of natural zeolite (clinoptilolite)
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4.1.7. BET method

The specific surface area of natural zeolite
(clinoptilolite) is determined by the amount of ad-
sorbed nitrogen depending on the partial pressure.
Based on the results obtained by the adsorption/
desorption of nitrogen as a working gas, the specific
surface area of the used natural zeolite was defined
in one point and the specific area determined using
the BET method (Table 4).

Based on the graphical dependence shown in
Figure 7 it can be concluded that increasing the
partial pressure of nitrogen increases its absorbed
amount until all active centers, channels and cavities
that are characteristic for the structure of this nano-
porous material, are filled.

Figure 8 shows a linear form of the used BET
method for determination of the specific surface
area (m?/g).

Table 4

Determination of the specific surface area
of the natural zeolite (clinoptilolite)

Mass of the sample 0.0889 g
Degassing temperature 77.300 K
Specific surface area in one point ~ 29.2609 m?/g

BET specific surface area 31.2854 m?/g

Isotherm Linear Plot
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Fig. 7. Dependence of the amount of adsorbed nitrogen from the partial pressure at natural zeolite (clinoptilolite)
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Fig. 8. Graphical determination of the specific surface area of natural zeolite (clinoptilolite) using BET method
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4.2. Equilibrium studies

The main objective of the equilibrium studies
was to determine the maximum capacity of clino-
ptilolite towards copper, zinc, manganese, lead, nic-
kel and cobalt removal under the studied conditions.

The data obtained from equilibrium experiments
were fitted to the Langmuir and Freundlich adsorp-
tion isotherms. The values of the constants in the
models and correlation coefficients obtained are
summarized in Table 5.

Table 5
Calculated equilibrium adsorption isotherm constants for the uptake of metals from solution by clinoptilolite
Experimental Langmuir Freundlich
Heavy
metal e Ce (qm Ky R2 RL K¢ 1/n N R2
(mg/g)  (mg/l) (mg/g) (Vmg) (/mg) (g

Cu 4.6880 166.60 5.2690 0.0404 0.9243 0.0583 0.3566 0.5247 1.9059 0.7135
Zn 3.6392 218.04 3.7272 0.0968 0.9900 0.0250 0.3934 0.4545 2.2002 09111
Mn 4.0596 197.02 4.2680 0.0382 0.9252 0.0614 0.2625 0.5339 1.8730 0.8282
Pb 30.140 21.21 37.590 0.1726 0.8853 0.0143 1.1628 0.6803 1.4699 0.8346
Co 3.4000 0.1700 3.4597 0.1962 0.9984 / / / / /
Ni 3.3800 0.2000 3.6870 0.0411 0.9995 / / / / /

According to the Freundlich model, values of
the heterogeneity factor 1/n, for all these metals,
indicate that clinoptilolite is heterogeneous adsor-
bent. Natural zeolite should be a heterogeneous ad-
sorbent due to its porous nature. Based on the
correlation coefficients (R?), the adsorption iso-
therms for these metals can be better described by
the Langmuir model than Freundlich model. The
applicability of the Langmuir isotherm suggests
monolayer coverage of the metal ions at the surface
of the clinoptilolite or that similar exchangeable
ions with equivalent concentration were exchanged
by metal ions. The R; values reported in Table 5,
show that the behaviour of metal ions adsorption for
all studied metals was favourable (0 < R, < 1).

The maximum capacity of clinoptilolite tow-
ards zinc, nickel and cobalt removal under the
studied conditions is approximately 3.5 mg/g, for
copper and manganese is approximately 4.5 mg/g
and for lead ions is approximately 30 mg/g.

The difference in adsorption capacity of the
natural zeolite for the heavy metal ions may be due
to a number of factors which include hydration
radii, hydration enthalpies and solubility of the
cations. The hydration radii of the cations are:
reMn® =438 A, ruZn?> =430 A, ruCo* =4.23 A,
ruCu?" = 4.19 A, ryNi** = 4.04 A and ryPb*" = 4.01
A (Nightingale, 1959; Mobasherpour et al., 2012).
The smallest cations should ideally be adsorbed
faster and in larger quantities compared to the larger
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cations, since the smaller cations can pass through
the micropores and channels of the zeolite structure
with ease (Erdem et al., 2004). According to the
hydration radii, the order of adsorption should be
Pb*" > Ni** > Cu**>Co*" > Zn**> Mn*".

In this case, lead ions is with the highest
maximum capacity and it is the first in the selec-
tivity series. This is expected because lead ions is
with the smallest hydration radius comparison with
other studied ions. According to Markovska et al.
(2017) the selectivity towards studied heavy metal
cations (for 10 minutes) can be ordered as follows:
Fe’" > Zn?" > Mn?+ > Pb** > Cd*+ > Ni*" > Cu?".
The difference in the selectivity of clinoptilolite
may be due to different experimental conditions.

4.3. Application of clinoptilolite

Application of zeolites in waste water treat-
ment for removal of heavy metals is very important.
In this paper the results of application of natural
zeolite, clinoptilolite from Kardjali are presented.
Experimental results of the adsorption of heavy
metal cations from aqueous solutions onto natural
zeolite (clinoptilolite) are shown in Table 6.

The adsorptions of studied heavy metal ions
from solutions were efficiently onto used adsorbent
and approximately 90% from ions were removed
from single ion solutions.
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Table 6

Application of clinoptilolite for heavy metals removal

Heavy metal ions Conditions Percentage
adsorbed (%)

Cu(Il) T=20£1C 97.840
pH3.5

Zn(ID) m =5 g adsorbent 94.00

Mn(II) Co =5 mg/l 89.60
agitation speed = 400 rpm

Pb(1D) g P P 97.60

Co(ID) T=22+1C 98.80
pH6

. m= 0.5 g adsorbent
Ni(II) Co = 450 pg/l 88.88

agitation speed = 400 rpm

Cy — initial metal concentration

In terms of the examined conditions, copper,
zinc, lead and manganese ions are with higher initial
concentration according to the acid waste water
from mines, and initial concentration for cobalt and
nickel ions are above the maximum permissible

limits for surface waste water from the process
industry. Generally, it can be concluded that investi-
gated clinoptilolite is a potential raw material for
effective removal of heavy metals ions from various
types of waste waters.

5. CONCLUSION

Based on the results of the chemical compo-
sition, XRD, SEM/EDS and FTIR analyses it is
evident that the major component of the working
material is clinoptilolite, approximately 95%. In
fact, the working material is alumino-silicate with
high silicate module and it is of clinoptilolite type.

The applied clinoptilolite has the specific sur-
face area of 31.3 m*/g determined by BET method
with nitrogen adsorption. The obtained maximum
capacity of clinoptilolite using Langmuir and
Freundlich adsorption isoterms for removal of lead

ions is 30 mg/g, approximately 4.5 mg/g for copper
and manganese ions, and approximately 3.5 mg/g
for zinc, nickel and cobalt ions.

The adsorptions of studied heavy metal ions
from solution were efficiently onto used adsorbent
and approximately 90% from ions were removed
from single ion solutions. Generally, it can be con-
cluded that investigated clinoptilolite is a potential
raw material for effective removal of heavy metals
ions from various types of waste waters.
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KJ’Iy‘IHI/I 360pOBI/l: KIIMHONITHUJIOJIUT,; IPUPOJCH 3€0JIUT, TCIIKH METAJIH, KapaKTepHaauI/Ija

Ilenta Ha OBOj TPyH € KapakTepu3alyja Ha IPUPOTHHOT
3€0JMT (KIMHOIITHIONNT) ¥ HeroBara IpuMeHa 3a OTCTpaHyBa-
€ Ha TEIIKH MeTaJu oJ BOAHH pacTBopH. KapakrepusamujaTa
Ha IIPUPOAHUOT 3¢0JUT o1 HaoramummreTo benu [Tnact, Kapua-
I, € HallpaBeHa CO: KIACHYHH XeMHCKH aHanm3u, XRD, SEM/
EDS, DTA/TG/DTG, XRF, FTIR u meronotr BET. Bp3 ocroBa
Ha pe3yJNTaTUTe OJ XEMHUCKHOT cocTaB M aHanmusute, XRD,
SEM/EDS u FTIR e koHCcTaTHpaHO JcKa CTaHyBa 300p 3a ay-
MOCHJIMKATE€H MaTepyjal Yija IiIaBHa KOMIIOHEHTA € KIWHOII-
TUJIOJIUT CO Y4ecTBO of okoiy 95%. Co meronot BET co a3ot-
Ha aTCoOpIIIHja e oJpesieHa creluduyHaTa HOBpIINHA HA MaTe-
pujanot koja usHecysa 31,3 m*/g. Bo paMKuTe Ha HCIUTYBa-
BETO € OIPEIeH MAKCUMAJICH KalalnuTeT Ha KIHHONTHIOIUTOT
KOj 32 OTCTpaHyBam€ Ha jOHHUTE Ha IMHK, HUKENT M KoOax

M3HEeCcyBa MpHOJIMKHO 3,5 mg/g, 3a Gakap U MaHraH okony 4,5
mg/g u 3a joHHTE Ha 0JIoBO okoiy 30 mg/g. [TpupoaHUOT 3€0-
JUT Oelie ymoTpeOeH Kako MOTSHIINjalTHa IPUPOIHA CYpOBHHA
3a oTcTpanyBame Ha jonute Ha Cu(ll), Zn(Il), Mn(1l), Pb(II),
Co(ID) u Ni(Il) on mpumepouuTe Ha BOTHH pacTBopH. Ekcie-
PUMEHTHTE Ce BPUICHU BO CTAKJICHH Yalld CO KOHTHHYHPAHO
neuxeme oa 400 rpm. Pesynrarure on ucnuryBamara moka-
Kaa JieKa aTCopIIHjaTa Ha HaBEICHUTE TEIIKU METald OJ
pacTBOp CO KOPHUCTEHE Ha HABEJJCHUOT allCOPOCHT € euKac-
Ha, TMPH IITO € MOCTHTHATO HUBHO OTCTPaHYBame O]l OKOJIY
90 %. Cniopen Toa , MOXe Jia e 3aKIy4H JeKa UCIIUTYBAaHHOT
KJIMHONTUJIONUT MOXKE JIa Ce KOPHCTH KaKO IMOTCHIHjalHa
MPHUPOJIHA CYPOBHHA 32 e(pUKaCHO OTCTpaHyBame HA jOHH Ha
TEIIKKX METaJH O] 3araJIeHN BOIH.
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