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The paper reports the effects of the activation conditions on the adsorption capacity of
Transcarpathian clinoptilolite. Naturally occurring clinoptilolite underwent chemical
activation by 5% and 25% aqueous solutions of H2SO4 at the solid-liquid ratio of 1:10.
Thermal activation was performed by the heating of chemically activated clinoptilolite at
the temperature of 3000C. Thermal analysis showed that the sample activated by 25%
H2SO4 solutions demonstrated the highest adsorption capacity with respect to water vapor
and the highest content of hydroxyl groups that were lost at the temperatures greater than
5000Ñ. The data obtained can be explained by partial dealumination of zeolite, which is
accompanied by an increase in its internal crystalline space and the emergence of additional
adsorption active centers. The destruction of Si–O–Al bonds, which gave rise to the
Brønsted adsorption active centers, was confirmed by the results of IR spectroscopic and
X-ray phase analyses. The IR spectrum of the sample activated by 25% H2SO4 solution
exhibited a drastic shift of band associated with tetrahedral stretching vibrations to the
region of higher frequencies. A significant reduction of reflections in X-ray diffraction
pattern of the sample treated by 25% H2SO4 solution appeared in the region 2=32–340
(CoK radiation). This indicated steric strains of crystalline lattice due to decationization
and dealumination processes. A comparative analysis of both naturally occurring clinoptilolite
and modified by 25% H2SO4 solution was performed to characterize the capacity to adsorb
direct dye molecules from their aqueous solutions. An increase in the adsorption capacity
of activated clinoptilolite was ascribed to the emergence of additional Brønsted acid centers
that became available to dye molecules during the activation of clinoptilolite. The constants
of the Langmuir monomolecular adsorption isotherm equation were determined.
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Introduction
Naturally occurring zeolites are aluminosilicates
exhibiting a strictly regular crystalline structure. The
aluminosilicate framework of zeolite has a mature
system of cavities, the size of which ranges from 0.4
to 1.1 nm. The negative charge of the mineral
framework is compensated by the charge of cations
that are in the channels of the structure [1].
Naturally occurring zeolites exhibit the high
ion-exchange properties, advanced inner surface of
interphase and high adsorption capacity. Due to their
chemical and mechanical stability, availability and
ability to be regenerated, these minerals are widely
used in environmental protection, particularly, in
air, soil and water treatment [2].

The water resource potential of Ukraine is at
the forefront of the social and environmental wellbeing and economic growth. Chemical, petroleum
and pulp-and-paper industrial waste is the main
source of pollution of natural waters with organic
substances. The presence of a great amount of organic
compounds in water leads to the death of fish, spoils
the water’s taste and smell and causes eutrophication
of waters [3].
Dyes make up a significant part of the waste
from the chemical and pulp-and-paper industries.
During the dying process, from 20 to 50% of dyes
are released into wastewater after the end of the
production cycle, depending on its type and the
dyeing method used [4]. Such a release significantly
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damages the ecological system of the region. A
substantial amount of waste is associated with direct
dyes. These dyes are widely used due to their affinity
for various types of fibers, such as cellulose and
amphoteric. Direct dyes ensure the color brightness
of fabric, are easy to use and inexpensive.
Over the period of sharpening of water and
environmental issues and limited funds for water
protection measures, it is important for enterprises
to opt for the most optimal wastewater treatment
technology. This problem can be solved by employing
cheap naturally occurring mineral adsorbents, one
of which is zeolite. Deposits of this mineral occur
worldwide. In Ukraine, the Sokyrnytske deposit of
zeolites is one of the most known.
However, natural zeolite is not able to absorb
organic pollutant molecules the size of which is larger
than the size of cavities. To improve the adsorption
capacity, zeolites undergo the thermal and chemical
activation [5]. Exposure to thermal activation leads
to the dehydration and release of a space inside the
channels. Under the influence of chemical activation,
the mineral is decationized, the channels size
increases and additional internal cavities appear.
To chemically activate clinoptilolite, solutions
of various mineral acids, including HCl, HNO3, and
H2SO4, are often employed. In addition, sulfuric acid
solutions are used at certain process steps in
manufacturing direct dyes. Spent solutions of sulfuric
acid with the concentration of 25% constitute a
significant proportion of waste from dye production.
Therefore, it is worthwhile to use H2SO4 solutions
to receive an adsorbent capable of absorbing direct
dyes from their aqueous solutions.
The concentration of acid largely affects the
effectiveness of the chemical activation of zeolite.
Thus, as reported in ref. [6], when zeolite is treated
with 0.3% H2SO4 solutions, the mineral can undergo
partial de cationiz ation w itho ut s ignificant
dealumination, which does not remarkably influence
its structure and ability to participate in adsorption
processes. When 3% solutions of H2SO4 are used for
the treatment, significant decationization and
dealumination are accomplished and followed by an
increase in the internal crystalline space and
adsorption centers. The use of acid solutions of the
concentration greater than 25% may cause significant
changes in the structure of clinoptilolite: the transition
of aluminum into the solution resulting in the
formation of a high-silica skeleton.
The purpose of this work was to establish
optimal conditions of the activation of naturally
occurring zeolite (clinoptilolite) using physical and
chemical analysis methods and obtain an adsorbent
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with enhanced adsorption characteristics for
removing direct dyes from wastewater.
Experimental
Ñlinoptilolite from the Sokyrnytske deposit (the
southwest part of the Transcarpathian internal trough)
was used for the research. The mineral rock
composition was as follows: clinoptilolite 60–90%,
quartz and feldspar 6–7%, clay minerals 2–6%,
plagioclase 2%, smectite 7%, the rest was an X-ray
amorphous phase. The chemical composition of
zeolite included (wt.%): SiO2 70.21; Al2O3 12.27;
Fe2O3 1.2; FeO 0.55; TiO2 0.14; MnO 0.073; P2O5
0.033; K 2 O 3.05; Na 2 O 1.77; SO 3 0.10; and
(CaO+MgO) 10.604. The comp osition of
clinoptilolite corresponded to the following formula:
0.2Na2O0.26K2O0.43CaO0.2MgO9.57SiO2Al2O30.09Fe2O3.
Natural clinoptilolite was activated in the
following way. During the day, a fraction of the
mineral (0.25 mm sized particles) was treated with
5% and 25% solutions of H2SO4 at the 1:10 ratio of
solid-to-liquid phases. Activated clinoptilolite was
washed out from anion residues. Further, the samples
were kept for two hours in air at the temperature of
3000C.
The thermal analysis of clinoptilolite samples
was performed using the Q-1500 derivatograph of
the Paulik, Paulik and Erdey system at the
temperatures from 20 to 10000Ñ. The samples were
analyzed dynamically at the heating rate of
100Ñ/min in air. The weight of the samples 1 and
2 was equal to 500 mg and that of the samples 3 and
4 amounted to 400 mg. The TG sensitivity was
100 mg, DTG sensitivity was equal to 500 V and
that of DTA was 100 V. Al2O3 was used as a standard.
Before conducting thermal studies, the clinoptilolite
samples were saturated with water vapor for 2 hours
at the room temperature and at the relative pressure
of water vapor p/ps=0.4.
The IR spectra of the dyes and clinoptilolite
samples containing adsorbed dyes and being
represented in the form of KBr tablets were recorded
by using Avatar 320 FT-1R in the range of 4000–
400 cm–1.
The adsorption property of clinoptilolite that
underwent complex activation was investigated by
using the dyes that are shown in Scheme.
To examine the adsorption of direct dyes,
clinoptilolite (form 0.2 to 0.62 g) was mixed with
the 20 cm3 dye solution with the concentration of
50 g/m3. The resulting suspension was shaken for 12
hours and centrifuged until clinoptilolite was
completely detached from the dye solution. The
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Scheme. a – direct blue (DB), b – direct green (DG)

liquid phase was filtered off. The equilibrium
concentration of dyes in the solution was determined
spectrophotometrically using a photoelectric
colorimeter KF-77.
The surface tension of dye aqueous solutions
was measured by the ring method.
Results and discussion
The thermal analysis is one of the main physical
and chemical techniques to examine the properties
of substances. Thermal analysis can be used to define
the rock’s mineral composition. The thermal analysis
data can vividly show the nature of mineral-bound
water. In addition, the influence of various factors
on the structure and chemical composition can be
investigated by the nature of the water loss when
heated [7].
The results of the complex thermal analysis of
clinoptilolite samples are shown as thermograms in
Figs. 1–3.
Thermolysis of the clinoptilolite samples
includes four stages. At the first stage, the physically
adsorbed moisture is released at the temperatures of
20 to 2030Ñ. This process is followed by a rapid
mass loss of the samples and a deep endothermic
effect that appears on the curve of differential thermal
analysis (DTA).

Fig. 1. Thermogram of the sample 1

The second stage of thermolysis in the
temperature range from 200 to 4100Ñ fits with the
discharge of structured water that is coordinately
linked with the mineral exchangeable cations. This
process is followed by the gradual mass loss of samples
along with a change to the character of a rising region
of the DTA curve.
The third stage of thermolysis happens at the
temperatures of 400 to 5800Ñ. It demonstrates a
release of isolated water molecules being localized

Fig. 2. Thermogram of the sample 2

Fig. 3. Thermogram of the sample 3
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on the mineral’s surface due to water bonds with the
OH groups. The process is also accompanied by the
appearance of a shallow endothermic effect in the
DTA curve.
At the fourth stage in the temperature range of
508–1000 0 Ñ, one can notice the surface
dehydroxylation followed by the liberation of OH
groups being chemically bound with the surface. The
process ends u p with t he destruction and
amorphization of the clinoptilolite crystalline
structure. A strongly manifested endothermic effect
appears in the DTA curve.
Considering the mass loss at the first and second
stage of thermolysis, the adsorption capability is
calculated as t o water vapor (T able ). T he
thermogravimetry data demonstrate that the activated
samples 2 and 3 exhibit a higher adsorption capacity
than the sample 1 of natural clinoptilolite.
An increasing adsorption capacity of activated
samples can be adequately explained by the fact that
exchangeable cations are removed under the action
of H2SO4. This is accompanied by liberation of
clinoptilolite internal channels. Thermal activation
causes diffusion of mobile cations into framework
oxygen atoms, followed by an increase in the
adsorption space of the mineral [8]. The latter have
proved to be filled with water molecules during
saturation.
The highest adsorption capacity typical of the
sample 3 can be explained by partial dealumination
of clinoptilnolite under the influence of a 25% H2SO4
solution. This results in occurrence of transient pores
and macropores in it. Moreover, being exposed to a
concentrated acid solution, additional micropores
(secondary porosity) that are capable to actively
adsorb large-sized water molecules can be formed
in the mineral [9].
It should be noted that the activated sample
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3 has the largest number of hydroxyl groups that are
chemically bound to the surface and detached when
the mineral is heated at the temperatures over 5000C.
Additional OH groups that appear in the sample are
stipulated by the interaction of exchangeable H+ ions
with atoms of the framework oxygen. This can be
followed by the partial destruction of Si–O–Al bonds,
the occurrence of additional adsorption-active centers
and an increase in the internal effective volume of
the mineral. These processe s are typically
accompanied by an increasing interphase surface of
the adsorbent [10].
The results of thermal analysis of clinoptilolite
samples fully support the findings of IR-spectroscopic
analysis reported in previous publication [11]. An
increase in the ligand water content in the activated
clinoptilolite samples and their adsorption capacity
was confirmed by the changing representation of
bands of deformation vibrations of OH groups. The
band of the sample of natural clinoptilolite was
observed at 1635.40 cm–1 [12]. For the activated
samples, it was more intense with an offset to higher
frequency, such as 1636.40 cm–1 (sample 2) and
1074.08 cm–1 (sample 3). The existence of a higher
number of isolated OH groups on the surface of the
activated samples was attributed to that the stretching
vibrations of OH groups were deepened and shifted
to higher frequencies (2359.82 cm–1 (sample 1),
2361.93 cm–1 (sample 2) and 2362.15 cm–1 (sample
3)). The beginning of the process of partial
dealumination of activated clinoptilolite samples
corresponds to the destruction of Si–Î–Al bonds
and is followed by a shift in the absorption band of
internal tetrahedral stretching vibrations from
1054.00 cm–1 (sample 1) to 1074.08 cm–1 (sample 2)
and 1078.81 cm–1 (sample 3).
The results of thermal and IR spectroscopic
analyses of clinoptilolite samples under investigation

The results of thermal analysis of the clinoptilnolite samples

Sample

Chemical activation Sample weight,
conditions
mg

1

Naturally occurring
clinoptilolite

500

2

5% H2SO4 solution

400

3

25% H2SO4 solution

400

Temperature range,
0
С
20–200
200–400
400–508
508–1000
20–200
200–410
410–580
580–1000
20–203
203–410
410–525
525–1000

Mass loss,
mg
31.0
13.0
4.5
5.5
40.1
11.0
4.0
4.0
43.0
13.1
2.0
7.0

Adsorption capacity,
mmol/g
4.9

7.1

7.8
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are in good agreement with the data of X-ray
diffraction analysis [13]. The diffractograms of
activated samples showed changes in the region
2=32–340 (CoK radiation) which were reflected
by a decreasing reflex intensity (–4; 2; 2) and a shift
in its interplanar distance from 3.17 Å (the sample
of naturally occurring clinoptilolite) to 3.14 Å (the
sample of activated 25% H2SO4). Such results indicate
spatial deformation of the crystal lattice of
clinoptilolite caused by decationization and
dealumination processes under the influence of
activation. This phenomenon led to the display of
X-rays from different planes and can cause diffusion
of peak diffractograms.
The sample of naturally occurring clinoptilolite
and sample 3 were used to examine adsorption. The
sample 3 is characterized by the highest adsorption
capacity for water molecules and the largest number
of adsorption-active centers, as shown by thermal
studies.
The adsorption of dyes by the activated
clinoptilolite sample was studied in the concentration
range below the critical concentration corresponding
to the formation of a saturated monomolecular layer
on the solution surface and the start of active
aggregation of dye molecules. Critical concentrations
were found by a curve break  vs. lnc. The critical
concentration is 370 mmol/m3 and 174 mmol/m3
for the direct green and blue dye, respectively.
The ability of direct dyes to be adsorbed onto
the surface of activated clinoptilolite samples was
proved by the IR spectroscopic analysis. In the
spectra of the samples that contain adsorbed dyes,
additional bands emerge in the region of 1530–
1640 cm –1 that correspond to the vibrations of
–Ñ=Ñ– bonds of an aromatic ring of dyes. IR spectra
of samples of activated clinoptilolite show an increase
in the band intensity in the region of 650–670 cm–1
caused by stretching vibrations of C–N bonds that
are present in the aromatic ring of the adsorbed dyes
[14]. A band in the region of 2890–3450 cm –1
corresponds to stretching vibrations of proton in
NH3+ amino groups. This band is shifted to the lowfrequency spectrum region as compared to the band
of non-proton –NH2 group (3400–3500 cm–1). The
protonation of the amino group can take place during
the adsorption of dye molecules as a result of donoracceptor interaction, which occurs between the lonepair electrons of the nitrogen atom of the –NH2
group of the sorbate and the protons of OH groups
of activated clinoptilolite (Brønsted acid centers).
Thus, it can be argued that adsorption takes place
not only under the effect of dispersion forces of
interaction between the active fields of the adsorbent

Fig. 4. Adsorption isotherm: 1 – DG dye on surface of the
sample 1; 2 – DB dye on surface of the sample 3;
3 – DG dye on surface of the sample 3

and sorbate molecules, but also with the help of
chemical forces.
Figure 4 shows the adsorption isotherms of dyes
by clinoptilolite treated by the 25% H2SO4 solution.
In addition, the adsorption isotherm of the DG dye
by activated clinoptilolite is illustrated in Figure.
The values of dye adsorption were determined
according to the following equation:

Г

Сi  С e
V, ,
m

where Ci and Ce are the initial and equilibrium
concentration of the dyes in the solution, mmol/m3;
V is the volume of dye solution, m3; m is the weight
of activated clinoptilolite sample, kg.
Unlike the sample 1, the sample 3 features a
higher adsorption capacity in relation to dye
molecules. This difference is associated with the fact
that not only the external but also a certain part of a
near-surface of the pore space of activated
clinoptilolite participates in the adsorption of dye
molecules. Such near-surfaces contain the adsorption
active centers and are available to dye molecules
and their associates.
The adsorption isotherms were approximated
by the linearized Langmuir equation and the
constants of the equation were determined. The limit
values of monomolecular adsorption of the DG and
DB dyes were equal to 2.32 and 1.86 mmol/kg,
respectively. The equilibrium constants of the
monomolecular adsorption of the DG and DB
amounted to 0.104 and 0.506 m3/mmol, respectively.
A lower adsorption capacity of the DG dye is
due to its molecule that contains methyl groups that
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hinder the diffusion of DG molecules into smaller
pores of the adsorbent. Additionally, DG dye
molecules are able to better associate in the solution,
as evidenced by the intensive growth of adsorption
in the region of low concentrations and reduction in the
region of concentrations greater than 15 mmol/m3.
Conclusions
The adsorbent with enhanced adsorption
characteristics were produced via the process of the
thermal and chemical activation of naturally
occurring clinoptilolite. The use of a 25% solution
of H 2SO 4 has proved to be the most optimal
conditions to obtain the effective adsorbent. The
effect of 25% H2SO4 leads to decationization and
significant dealumination of clinoptilolite with the
preservation of its structure. This process is followed
by the emergence of additional adsorption centers
and an increase in the volume of internal channels.
The increasing number of Brønsted acid centers is
confirmed by the occurrence of a large number of
OH groups on the adsorbent surface. These groups
are lost at temperatures greater than 5000C. Increasing
channel sizes are indicated by the better ability of
clinoptilolite modified by the 25% H2SO4 solution
to retain water molecules. During activation, the
existence of additional adsorption centers, each
becoming more available with increasing pore size,
is confirmed by the increased ability of activated
clinoptilolite to adsorb dye molecules.
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ÄÎÑË²ÄÆÅÍÍß ÂÏËÈÂÓ ÓÌÎÂ ÀÊÒÈÂÀÖ²¯
ÇÀÊÀÐÏÀÒÑÜÊÎÃÎ ÊËÈÍÎÏÒÈËÎË²ÒÓ ÍÀ ÉÎÃÎ
ÀÄÑÎÐÁÖ²ÉÍÓ ÇÄÀÒÍ²ÑÒÜ

RESEARCH INTO THE INFLUENCE OF ACTIVATION
CONDITIONS OF TRANSCARPATHIAN
CLINOPTILOLITE ON ITS ADSORPTION CAPACITY

Â.Â. Êî÷óáåé, Ñ.Ã. ßãîëüíèê, Ñ.Â. Êíÿçü, Ë.ß. Ïàðàùóê,
Ì.Ñ. Ìàëüîâàíèé

V.V. Kochubei a, *, S.G. Yaholnyk a, S.V. Kniaz a,
L.Y. Parashchuk b, M.S. Malovanyy a

Äîñë³äæåíî âïëèâ óìîâ àêòèâàö³¿ íà àäñîðáö³éíó
çäàòí³ñòü çàêàðïàòñüêîãî êëèíîïòèëîë³òó. Õ³ì³÷íó àêòèâàö³þ ïðèðîäíîãî êëèíîïòèëîë³òó ïðîâîäèëè 5%-íèì òà 25%-íèì
âîäíèìè ðîç÷èíàìè H2SO4 ïðè ñï³ââ³äíîøåíí³ òâåðäî¿ òà ð³äêî¿
ôàç 1:10. Òåðì³÷íó àêòèâàö³þ çä³éñíþâàëè ïðîãð³âàííÿì õ³ì³÷íî
àêòèâîâàíîãî êëèíîïòèëîë³òó çà òåìïåðàòóðè 3000Ñ. Çà ðåçóëüòàòàìè òåðì³÷íîãî àíàë³çó çðàçîê, àêòèâîâàíèé 25%-íèì
âîäíèì ðîç÷èíîì H2SO4, ìàâ íàéá³ëüøó àäñîðáö³éíó çäàòí³ñòü
â³äíîñíî ïàð³â âîäè òà íàéá³ëüøèé âì³ñò ã³äðîêñèëüíèõ ãðóï,
ÿê³ âòðà÷àëèñü çà òåìïåðàòóð, âèùèõ 5000Ñ. Îòðèìàí³ ðåçóëüòàòè ïîÿñíþþòüñÿ ÷àñòêîâèì äåàëþì³íóâàííÿì öåîë³òó,
ÿêå ñóïðîâîäæóâàëîñü çðîñòàííÿì éîãî âíóòð³øíüîãî êðèñòàë³÷íîãî ïðîñòîðó òà ïîÿâîþ äîäàòêîâèõ àäñîðáö³éíî-àêòèâíèõ öåíòð³â. Ðóéíóâàííÿ çâ’ÿçê³â Si–O–Al, ùî çóìîâëþº ïîÿâó
àäñîðáö³éíî-àêòèâíèõ öåíòð³â Áðåíñòåäà, ï³äòâåðäæóâàëè
ðåçóëüòàòàìè ²×-ñïåêòðîñêîï³÷íîãî òà ðåíòãåíòãåíîôàçîâîãî àíàë³ç³â. Íà ²× ñïåêòð³ çðàçêà, àêòèâîâàíîãî 25%-íèì âîäíèì ðîç÷èíîì H2SO4, ñïîñòåð³ãàâñÿ çíà÷íèé çñóâ ñìóãè âàëåíòíèõ òåòðàåäðè÷íèõ êîëèâàíü íà ä³ëÿíö³ âèùèõ ÷àñòîò. Íà äèôðàêòîãðàì³ çðàçêà, àêòèâîâàíîãî 25%-íèì âîäíèì ðîç÷èíîì
H2SO4, ñïîñòåð³ãàëîñü çíà÷íå çìåíøåííÿ ðåôëåêñ³â â ³íòåðâàë³
2=32–340 (CoK-âèïðîì³íþâàííÿ), ùî ñâ³ä÷èëî ïðî ïðîñòîðîâó äåôîðìàö³þ êðèñòàë³÷íî¿ ðåø³òêè çà ðàõóíîê ïðîöåñ³â äåêàò³îíóâàííÿ òà äåàëþì³íóâàííÿ. Áóâ ïðîâåäåíèé ïîð³âíÿëüíèé
àíàë³ç çäàòíîñò³ ïðèðîäíîãî òà àêòèâîâàíîãî 25%-íèì ðîç÷èíîì H2SO4 êëèíîïòèëîë³òó àäñîðáóâàòè ìîëåêóëè ïðÿìèõ áàðâíèê³â ç ¿õ âîäíèõ ðîç÷èí³â. Çðîñòàííÿ àäñîðáö³éíî¿ çäàòíîñò³
àêòèâîâàíîãî êëèíîïòèëîë³òó ïîÿñíþºòüñÿ ïîÿâîþ â íüîìó
äîäàòêîâèõ àäñîðáö³éíèõ öåíòð³â Áðåíñòåäà, ÿê³ ñòàþòü äîñòóïíèìè äëÿ ìîëåêóë áàðâíèê³â â ïðîöåñ³ àêòèâàö³¿ êëèíîïòèëîë³òó. Çíàéäåí³ êîíñòàíòè ð³âíÿííÿ ³çîòåðìè ìîíîìîëåêóëÿðíî¿
àäñîðáö³¿ Ëåíãìþðà.
Êëþ÷îâ³ ñëîâà: êëèíîïòèëîë³ò, òåðì³÷íèé àíàë³ç,
àäñîðáö³ÿ, ïðÿì³ áàðâíèêè, àêòèâàö³ÿ.
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The paper reports the effects of the activation conditions on
the adsorption capacity of Transcarpathian clinoptilolite. Naturally
occurring clinoptilolite underwent chemical activation by 5% and
25% aqueous solutions of H2SO4 at the solid-liquid ratio of 1:10.
Thermal activation was performed by the heating of chemically
activated clinoptilolite at the temperature of 3000C. Thermal analysis
showed that the sample activated by 25% H 2SO 4 solutions
demonstrated the highest adsorption capacity with respect to water
vapor and the highest content of hydroxyl groups that were lost at the
temperatures greater than 5000Ñ. The data obtained can be explained
by partial dealumination of zeolite, which is accompanied by an
increase in its internal crystalline space and the emergence of
additional adsorption active centers. The destruction of Si–O–Al
bonds, which gave rise to the Brønsted adsorption active centers,
was confirmed by the results of IR spectroscopic and X-ray phase
analyses. The IR spectrum of the sample activated by 25% H2SO4
solution exhibited a drastic shift of band associated with tetrahedral
stretching vibrations to the region of higher frequencies. A significant
reduction of reflections in X-ray diffraction pattern of the sample
treated by 25% H2SO4 solution appeared in the region 2=32–340
(CoK radiation). This indicated steric strains of crystalline lattice
due to decationization and dealumination processes. A comparative
analysis of both naturally occurring clinoptilolite and modified by
25% H2SO4 solution was performed to characterize the capacity to
adsorb direct dye molecules from their aqueous solutions. An increase
in the adsorption capacity of activated clinoptilolite was ascribed to
the emergence of additional Brønsted acid centers that became
available to dye molecules during the activation of clinoptilolite. The
constants of the Langmuir monomolecular adsorption isotherm
equation were determined.
*

Keywords: clinoptilolite; thermal analysis; adsorption; direct
dyes; activation.
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