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ABSTRACT

The physicochemical characteristics of natural zeolites from the Tayzhuzgen and Shankanay deposits have been studied by
BET, SEM, XRD, and FT-IR spectroscopy. Sorption properties of natural zeolites for carbon dioxide were studied in the
flow mode in the temperature range of 50-300 °C. Among the studied samples, the most active in the process of capturing
CO, was the natural zeolite of the Tayzhuzgen deposit, at a temperature of 300 °C, the adsorption capacity for carbon
dioxide was 27.4%. The high CO, adsorption capacity of natural zeolite from the Tayzhuzgen deposit is due to its specific

surface area and high Si/Al ratio.
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1. Introduction

The growth of human resources, the high
demand for fossil fuels due to the development of
industry have led to an increase in anthropogenic
emissions of carbon dioxide into the atmosphere.
The largest sources of greenhouse gas emissions
are primarily the combustion of coal, oil and natural
gas. In this regard, many studies have been carried
out and various approaches have been proposed to
reduce carbon dioxide emissions. There are several
technologies for capturing carbon dioxide, including
physical absorption, chemical adsorption, membrane
separation, etc. [1-3]. Among them, physical
absorption and chemical adsorption are the most
widely used methods in CO, capture. However, the
physical absorption method is carried out at high
pressure and low temperature, which is the main
disadvantage of this method [4, 5].

One of the most effective ways to reduce the
amount of carbon dioxide is its capture (adsorption),
since this method is simple to perform and allows high
CO, adsorption to be achieved [6, 7]. In addition, the
regeneration of sorbents and the ease of temperature
change during adsorption show the effectiveness of
this method.
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The literature contains adsorbents widely used
to capture carbon dioxide, such as activated carbon
[8], carbon materials [9] and mesoporous silica [10],
zeolites [11-12], and other adsorbents [13]. Among
these adsorbents, zeolites are effective sorbents in
terms of textural and structural properties and high
adsorption capacity in the process of carbon dioxide
capture, as well as controlled physicochemical
properties [14-15]. Various zeolite formulations,
including synthetic zeolites and modified zeolites,
have been studied in carbon dioxide capture. The
cost of synthetic zeolite varies from 100 to $600 per
ton, depending on its composition and processing, as
well as its market price [16]. Natural zeolites are of
great interest to researchers due to their absorbing
properties of various substances. They have effective
sorption qualities for capturing the greenhouse gas
CO, and are also an alternative to synthetic sorbents
due to their low cost, efficiency and availability. In
this regard, natural zeolites are suitable for use in
CO, adsorption processes and are universal sorbents
in adsorption and catalysis processes.

Two large zeolite deposits are known in
Kazakhstan — Tayzhuzgen, located in the Tarbagatay
region of the East Kazakhstan region and Shankanay,
located in the Kerbulak region of the Almaty region.
The Tayzhuzgen deposit is larger than Shankanay, its
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reserves are 7.1 million tons. The natural zeolites of
these deposits were used in agriculture, as additives
in the food of animals and poultry, as well as to
increase the yield of vegetables and grains [17, 18] in
which the zeolites of the Tayzhuzgen and Shankanay
deposits were studied as sorbents for the sorption of
lead and cadmium ions from aqueous solutions.

In our work, natural zeolites from these deposits
were first studied as sorbents for capturing carbon
dioxide.

It is known that the flue gases of various
enterprises mainly contain carbon dioxide, nitrogen,
water vapor, etc. The flue gas released from the
chimney has a high temperature, above or slightly
below 300 °C [19]. In this regard, the purpose of this
work is to study the sorption properties of natural
zeolites of the Tayzhuzgen and Shankanay deposits
in terms of carbon dioxide at high temperatures and
their physicochemical characteristics.

2. Experimental part

The objects of study are natural zeolites of the
Tayzhuzgen and Shankanay deposits, which are
designated in the article as zeolite (T) and zeolite
(Sh), respectively. Physico-chemical characteristics
of natural zeolites were studied by X-ray phase
analysis, scanning electron microscopy, Brunauer-
Emmett-Taylor (BET) and FT-IR. The surface
area of the studied samples was determined by the
method of low-temperature nitrogen adsorption
at a temperature of -196 °C on an automatic BEL
Japan Inc. and thermal desorption of argon on a
BELSORP-mini II instrument. Zeolite morphology
was studied by scanning electron microscopy (SEM)
on a JEOL JSM-6390 LA instrument with a JED
2300 energy dispersive X-ray detector radiation with
CuKa radiation and a graphite monochromator on a
diffracted beam.

Natural zeolites have been tested as sorbents for
capturing carbon dioxide in the temperature range
of 50-300 °C. Before testing, natural zeolites were
mechanically crushed in a mortar and then sieved on
a molecular sieve to a particle size of 0.25-0.5 mm.
A small amount of water was added to the obtained
samples of natural zeolites, the resulting paste was
placed on a mini-form (Fig. 1), which produces
granules in one technological cycle of exactly the
same shape (cylindrical, @2.7 mm, h = 2.7 mm). The
paste was calcined in a muffle furnace at a temperature
of 600 °C for 5 h at a rate of 2 °C per minute.

The sorption properties of natural zeolites were
studied in a laboratory flow unit (Scheme 1). The

Fig. 1. Mini-form for obtaining zeolites in the form of
granules.

installation consists of a reactor, a thermocouple, an
electric furnace, a control unit and a control unit for
supplying initial gases. For experiments, CO, was
used as an adsorbate (Ikhsan Technogaz LLP, purity
99.99%), as well as He carrier gas for purging the
line from the reactor to the chromatograph (Ikhsan
Technogaz LLP, purity 99.99%). The reactor was
made of quartz glass with an inner diameter of 10mm
and a length of 25 cm. The sorbent was weighed in
a volume of 2 ml and placed in a fixed bed reactor.
Adsorption of carbon dioxide on natural zeolites (T)
and (Sh) was carried out in the temperature range of
50-300 °C for 30 min, desorption — at a temperature
of 600 °C.

3. Results and discussion

The elemental composition of natural zeolites of
the Tayzhuzgen and Shankanay deposits, expressed
in the form of oxides, was determined using X-ray
fluorescence spectroscopy, the results are presented
in Tables 1 and 2. The elemental composition of the
zeolite of the Tayzhuzgen deposit is presented in a
number of works by Kazakh scientists [20, 21], the
elemental composition of our sample differs slightly
from these data.

The chemical composition of the zeolite of the
Tayzhuzgen deposit contains mainly oxides of silicon
(72.2%), aluminum (12.9%), calcium (5.6%), zinc
(1.2%), indium (7.7%), and iron (0.4%). The zeolite
of the Shankanay deposit contains 16.9% aluminum
oxide, 49.5% silicon oxide, 15.2% calcium oxide,
14.7% iron oxide, and a small amount of potassium
oxide (3.7%).

It is known [22] that an important factor in the
study of the structure of zeolites is the ratio of silicon
oxide and aluminum (Si/Al). High-silicon zeolites
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Scheme 1. Schematic diagram of a flow type installation: 1 — source gas CO,; 2 — carrier gas helium; 3 — gas mixer;

4 — sorbent; 5 — oven; 6 — thermocouple; 7 — chromatograph.

Table 1
Chemical composition of zeolite (T)
Compound Al,O4 SiO, CaO ZnO In,O; Fe, 0,
Concentration, wt.% 12.9 72.2 5.6 1.2 7.7 0.4
Table 2
Chemical composition of zeolite (Sh)
Compound Al O; Si0, CaO K,O Fe, 0,
Concentration, wt.% 16.9 49.5 15.2 3.7 14.7

with a high Si/Al ratio have the maximum absorption
effect. According to the data presented in Tables 1
and 2, the Si/Al ratio for the zeolite of the Tayzhuzgen
deposit is 5.6, while for the zeolite of the Shankanay
deposit it is 2.9.

The specific surface area of the samples was
estimated by the low temperature nitrogen adsorption
(BET) method (Table 3).

As can be seen from Table 3, the specific surface
of the natural zeolite of the Tayzhuzgen deposit is
11.12 m%/g, the specific surface of the zeolite of the
Shankanay deposit is 5.61 m%/g.

To obtain data on the morphology of the
catalyst particles, the samples were analyzed using
scanning electron microscopy. Figure 2 shows SEM
micrographs of natural zeolites.

Table 3
Specific surface area of natural zeolites

Samples Specific surface, m?/g
Zeolite (Sh) 5.61
Zeolite (T) 11.12

It is known [23] that zeolites mainly have a
complex microsurface relief formed by microcrystals
and aggregates, represented in most cases by a finely
dispersed mass. On the micrographs of samples of
natural zeolites from the Tayzhuzgen and Shankanay
deposits, one can observe accumulations of crystals
of a monometric shape. A finely dispersed crystalline
structure is observed on the surfaces of zeolite
samples.

The phase composition of natural zeolites (T) and
(Sh) was studied by X-ray phase analysis, the results
are shown in Figure 3.

On the diffraction patterns of zeolites, there
is practically no amorphous background and
broadening of peak lines, which indicates a high
degree of crystallinity and homogeneity of the
sample. According to XRD results, zeolites from the
Tayzhuzgen and Shankanay deposits are classified as
clinoptilolite aluminosilicates.

Zeolites from the Tayzhuzgen and Shankanay
deposits were also evaluated using FT-IR
spectroscopy. FT-IR spectra of samples of natural



84 M.M. Mambetova et al. / TOPEHUE U [TNTASMOXUMMNA 21 (2022) 81-87

20kV X120 100um

100um

20kV X120

Fig. 2. SEM micrographs: a) zeolite (T) and b) zeolite (Sh).

2500
= Tayzhuzgen = Shankanay

2000 +
21500+
2
&
£ 1000
S

500 7
0 T T T T T
10 20 30 40 50 60
2 Theta

Fig. 3. X-ray patterns of natural zeolites (T) and (Sh).

zeolites are shown in Fig. 4. FT-IR spectra of natural
zeolites are in the range of 500-4500 cm™'.

The spectra of both zeolites show intense peak at
1028 cm, which correspond to internal deformation
and antisymmetric vibrations of Si—O bonds inside
SiO, tetrahedra. In addition, absorption bands are
observed in the region of 3800-3400 cm, which
correspond to symmetric and antisymmetric O—-H
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Fig. 4. FT-IR zeolites (T) and (Sh).

stretching vibrations. The bands at 613 cm™ and
700 cm™! indicate the presence of the Al-O bond, the
bands at 801.35 cm™ and 1649 cm™' can be related to
the bending vibration of the Al-O, bond [24].

The CO, sorption properties of natural zeolites
from the Tayzhuzgen and Shankanay deposits were
tested under dynamic conditions in a flow mode.
Carbon dioxide adsorption was carried out at various
temperatures of 50, 100, 150, and 300 °C, CO,
desorption at 600 °C. The results obtained are shown
in Figure 5.

As can be seen from Figure 5, the CO, sorption
capacity of natural zeolites (T) and (Sh) increases
with adsorption temperature. The sorption capacity
of the zeolite from the Tayzhuzgen deposit increases
from 22 to 27.4%, from the Shankanay deposit from
12.4 to 18.3%. The natural zeolite of the Tayzhuzgen
deposit demonstrates a higher sorption capacity for
CO, in the entire temperature range compared to the
zeolite of the Shankanay deposit.

4. Conclusion

Thus, the physicochemical characteristics and
CO, adsorption properties of natural zeolites from the
Tayzhuzgen and Shankanay deposits were studied.

The specific surface area, morphology, chemical
and phase composition of zeolites have been studied.
It was determined that the specific surface of the
natural zeolite of the Shankanay deposit is 5.61 m?/g,
of the Tayzhuzgen natural zeolite — 11.12 m%*/g. A
finely dispersed crystalline structure is observed on
the surfaces of zeolite samples. It is shown that the
zeolites of the Tayzhuzgen and Shankanay deposits
belong to clinoptilolite aluminosilicates. The molar
ratio of SiO,/Al,O; for the zeolite of the Shankanay
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Fig. 5. Sorption capacity for CO, of natural zeolites (T) and (Sh).

deposit is 2.9, while for the Tayzhuzgen zeolite it
is 5.6. It has been established that the zeolite of the
Tayzhuzgen deposit has a better sorption capacity
compared to the zeolite of the Shankanay deposit.
The sorption capacity for CO, of the zeolite of the
Tayzhuzgen deposit at a temperature of 300 °C is
27.4%, while the sorption capacity of the zeolite of
the Shankanay deposit is 18.3%. The high sorption
capacity of the zeolite from the Tayzhuzgen deposit
is due to its specific surface area and high Si0,/Al,0;
ratio.

The results of the study showed that the zeolite of
the Tayzhuzgen deposit can be used as a sorbent for
capturing CO, at high temperatures. Further research
will be aimed at increasing the sorption capacity of
natural zeolite by modifying it with oxides of alkali
and transition metals.
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DU3UKO-XUMHYECKHUE XapaKTepPUCTUKHU U
COpPOLMOHHBIE CBOICTBA NPHPOIHBIX ILEOJHTOB
10 THOKCHY yIJjepojaa

M.M. MawmberoBa'?",
JKokeraesa'

I''E. Eprasuesa’?, A.B.

'Kazaxckuii HallMOHATBHBIH YHHUBEPCUTET UM. anb-Dapadu,
IleHTp (PHU3NKO-XUMHUYCCKUX METOAOB HCCICAOBAaHUN W
aHanusa, Anmatsl, Kazaxcrtan

MuctutyT npobieM ropenus, Anmatsl, Kazaxcran

AHHOTADNMUA

OU3NKO-XUMHUECKUE XapaKTEPUCTUKU MPUPOJI-
HbIX LeonuToB Taixysrenckoro u Illankanaiicko-
0 MECTOPOXKICHHS HccieaoBaHbl Metomamu BOT,
COM, POA u UK-Dypse crexkrpockonueir. Copo-
LIMOHHBIE CBOICTBA MPUPOJHBIX L[EOJUTOB MO AHOK-
CUJy yTJIepoja UCCIEAOBAHBI B MPOTOYHOM PEXHUME
B mHTepBaie Temmepatyp 50-300 °C. Cpenu nccie-
JOBaHHBIX 00pa30B Hanbosee aKTUBHBIM B MPOLIEC-
ce ynaBnuBanus CO, oxazajucs NPUPOIHBINA IIEOTUT
Tali’Ky3reHCKOTO0 MECTOPOXKIEHUS, IIPU TEMIIEpaTy-
pe 300 °C agcopOumoHHAs €MKOCTH IO YTIIEKUCIIO-
My ra3y cocraBuia 27,4%. Breicokas ancopOunoHHas
emkocTh o CO, mpupoanoro neonuta Talxy3reH-
CKOT'O0 MECTOPOXKJIEHUSI 00yCIIOBJIEHA €ro yJeIbHOU
MTOBEPXHOCTHIO M BRLICOKUM COOTHOIIeHHEM Si/Al.
Kniwouesvie cnoea: ynasnusanue CO,, IpHpOIHBIE
LEOJUTHI, COPOEHTHI, THOKCHU]L yIIIepoa.

Taouru HEOJIUTTEPAIH bu3UKaA-XUMHUSIBIK
CHIIATTAMAJIAPHI KJHE 0JIAPABIH KOMipKBIIIKbLIT
ra3nl 00MBIHIIA COPOUMAIBIK KacueTTepi

M.M. MawmberoBa'?*, T.E. Eprasuesa’?, A.b.

JKokeraesa!

'on-®apabu arbigarbl Kazak yYITTBIK YHHBEPCHTETI,
OM3NKa-XUMHUSIUTBIK ~ 3epTTEY JKOHE Taumay omictepi
opranbiFbl, Anmatsl, Kazakctan

“Xany mpobiemManapsl HHCTUTYTHI, AnMmatel, Kasakcran
AHIATIIA

TaiixkysreH xoHe [llaHkaHail KEH OPBIHIAPBIHBIH
TaOWFU UEONUTTEPiHIH (U3NKA-XUMUSIIBIK CHIIAT-
tamanapsl bOT, COM, PKT xone UK-Dypore crek-
TpOCKOMHsI dicTepiMeH 3epTTensi. Taburu meonuT-
TEPAIH KOMIPKBIIIKBII a3kl OOWBIHIIIA COPOIIMSITBIK
kacuetTepi 50-300 °C temmneparypa AMana3oOHBIH-
Jla aFelHABIK PEXHUMJC 3epPTTENAl. 3epTTENreH YII-
rinepain imiage CO, copOrusinay mpoueciane Taii-
JKy3reH KE€H OPHBIHBIH TaOUFH LEOJIHTI €H OelceH i
6ol 300 °C teMriepaTypajia KOMipKBIIIKBUT Ta3bl
OoifpIHIIa aACOPOIUSIIBIK CHIMBIMABLIBIFE  27,4%
Kypanpl. Taibky3reH KeH OpHBIHBIH TaOWFH IIe0-
mutiHiH CO, OO#BIHIIA )KOFAPHI aICOPOIUSITBIK CHIH-
BIMJIBUTBIFBI OHBIH MEHIIIIKTI O€TiHIH ayaaHbl MeH Si/
Al KaTBIHAaCBIHBIH XKOFapHl 0OTyBIHA OAIIaHBICTHI.
Tytiin ce3dep: CO, ycTay, TaOUFH TEOIUTTEP, COP-
OCHTTEp, KOMIPKBIIIKBLIT Ta3bl.



