News of the Academy of sciences of the Republic of Kazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286 https://doi.org/10.32014/2020.2518-1491.13
Volume 1, Number 439 (2020), 102 — 108

UDC 542.973.7, 547.21
K.A. Shorayeva', B.K. Massalimova', S.M. Nauryzkulova', V.A. Sadykov®

"M .Kh. Dulaty Taraz State University, Taraz, Kazakhstan,;
2 Novosibirsk State University, Novosibirsk, Russia;
Anstitute of Catalysis named after G.K. Boreskov, Novosibirsk, Russia
k.a.shorayeva@mail.ru

SYNTHESIS OF PILLARED CLAYS FOR USING
THEM AS CARRIERS OF CATALYTIC SYSTEMS

Abstract. Natural clays are of particular interest for their rational use as not only adsorbents, but also carriers of
new highly selective catalysts. This article presents an overview of the application of pillared clays in catalytic
chemistry as catalyst matrix. The physicochemical properties of the synthesized Al-, Zr-, Al / Zr-modified clays were
studied by BET, XRF and eclemental analysis. The elemental composition of montmorillonite and kaolinite clays was
determined. Pillared clays with high specific surface (montmorillonite clay from 20 to 243 m?/g and kaolinite clay
from 5 to 66 m?/g.) were obtained. The use of pillared clays in catalysis will help to solve the problems of the
development of domestic production of catalysts and the replacement of expensive imported analogues.
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Introduction

Cost-cffective and environmentally friendly catalysts are always in demand for synthesis of valuable
organic compounds. The main features of a highly efficient catalytic support are: 1) developed surface
area for the location of catalytically active centers [1, 2], 2) high thermal stability to prevent sintering and
abrasion of the catalyst [3, 4] 3) the presence of various functional groups responsible for stabilization and
activation of the catalytically active phase [3, 6].

The presented requirements are fully met by natural clays with a high specific surface. Obtaining of
pillared clays and their modification by various transition metal complexes lead to the formation of new
porous structures with unique physicochemical properties [7]. In this regard, the urgent task is to develop
catalysts based on pillared clay-matrix both for metals and for metal oxides deposited on the surface as
catalytically active phases [8].

Therefore the goal of this study is to synthesize new pillared clay samples for the development of
highly selective catalysts and to obtain high yields of industrially important gas and petrochemical
products, as well as to study the physicochemical properties of columnar structures based on natural clays
of the Tagan and Turgay deposits of the East Kazakhstan region.

Materials and methods

Objects of study - synthesized columnar clays for use as a catalyst carrier. Natural clays of the Tagan
and Turgay deposits of East Kazakhstan region were used in this work.

Mechanical activation of natural clays

To activate natural kaolinite clays, the AGO-2 high-voltage planctary mill with steel balls with a
diameter of 8 mm and a total mass of 200 g, with 150 ml water-cooled steel drums was used. The ratio of
the mass of the balls to the mass of the mixture (M) was 20:30. The rotational speed of the drums is 1200
rpm. To ensure a low level of powder contamination in the steel grinding medium, the natural lining of the
working surface of the drums and balls, obtained by preliminary processing of a similar mixture, leading
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to coating the surface of the balls and the inner surface of the drums with the processed composition [9],
was used.

Synthesis of pillared clays

Natural clays pre-cleaned and ground to a particle size of 0.25 mm were incubated for 24 hours at
room temperature for complete hydration. The aluminum and zirconium hydroxocomplexes obtained by
hydrolysis of aqueous solutions of aluminum chloride (0.2 M) and zirconium (0.2 M) in an aqueous
solution of NaOH (0.5 M) were used as intercalating solutions [7, 8, 10]. Pillarization was carried out by
slowly adding an intercalating agent to clay samples and further washing from chlorine ions. The obtained
columnar clays were dried for one day at room temperature and then calcined at a temperature of 500°C
for 5 hours [11].

Textural and physico-chemical properties of pillared clays

The texture characteristics of pillared clays were studied via nitrogen adsorption and desorption
isotherms using the BET method (Brauner-Emmett-Teller) on SORBTOMETR-M device (Russia). The
change in the phase composition of columnar clays was monitored using x-ray phase analysis on a
general-purpose diffractometer DRON-4-0.7 with CuKa radiation (Russia).

The elemental composition of the pillared clay samples was analyzed using an INCAENERGY
energy dispersive spectrophotometer (OXFORDINSTRUMENTS, UK) combined with Superprobe 733
electron probe microanalyzer at an accelerating voltage of 25 kV and a probe current of 25 nA.

Results and discussion

Montmorillonite is known to be a clay composed of blocks of tetrahedral quartz sheets with a central
octahedral aluminum oxide sheet with the chemical formula (SizsAlo2)"Y (Als4Mgos) 020 (OH)s, and the
theoretical composition without intermediate material is Si0; 66.7%, Al,Os 28.3% and H,O 5%. Taking
into account the speciation of various metals in this formula, the theoretical net surface charge on
montmorillonite is 0.8 charge / element, which is responsible for the adsorption of cations [12].

Elemental analysis of the oxide composition of natural montmorillonite and kaolinite clays samples
was carried out using quantitative X-ray spectral analysis. The results are presented in table 1.

Table 1 - Elemental composition of natural kaolinite and montmorillonite clay samples

Element / Sample Si0: | ALOs | FeOs | TiO, | CaO | MeO | KoO | NaxO | PS
Montmorillonite Clay Elementcontent, wt. %

585 19,38 44 0,3 1,98 2,18 1,5 1,14 9.5

Element / Sample Si02 AlO3 FexOs3 Ti0, CaO MgO K20 NaO PS
Kaolinite clay Elementcontent, wt. %

3933 | 4020 [ 1780 | 201 | ne | 016 | ne | 019 [ 031

Note: PS —

The data presented in Table 1 indicate that the montmorillonite clay sample contains a large number
of alkali and alkaline earth metal cations that can participate cation-exchange reactions, while Ca** and K*
ions are absent in the kaolinite clay sample and only small amounts of Mg?" and Na'‘are detected The
results obtained are consistent with published data [13, 14].

Kaolinite is a clay mineral from the group of aqueous aluminum silicates with a chemical
composition: Als [Si4010] (OH)s. It contains 39.5% Al O3, 46.5% Si10, and 14% H>0. The crystal structure
of kaolinite consists of two-layer packets containing one oxygen tetrahedral layer of the composition
[Si2405:]*™" and one aluminum-hydroxyl octahedral layer of the composition [Aln(OH)s]*™*. Both layers
arc combined into a package through common oxygen-silicon-oxygen layer. These layers are
interconnected by weak bonds, which determine the very perfect cleavage of kaolinite and the possibility
of different overlays of one layer onto another.

Considering the speciation of various metals in this formula, the theoretical net surface charge on
kaolinite is zero. However, kaolinite acquires a small total negative charge due to the fact that its surface is
not completely inert [ 12-15].

Thus, mechanical activation of kaolinite clay (Turgay deposit, East Kazakhstan area) was carried out
on a high-voltage planetary mill AGO-2. Spectra for natural and mechanically activated kaolinite clay,
which are shown in Figures 1 and 2, were obtained by the method of diffraction of the total X-ray
radiation (DRON-4-0.7).
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Figure 1 - Diffraction pattern of a sample of the original natural clay: K-kaolinite, A-anatase, R-rutile, H-hematite

When studying the spectrum of a sample of the original natural clay (Figure 1), kaolinite diffraction
reflections were recorded (K, PDF-080-0885) with interplanar distances 7.12 (12.40° 20), 4.38 (20.35),
4.16 (21.34), 3.56 (24.96) A; hematite (a-Fe,Os, (PDF-089-8103) with interplanar distances 3.661(24.30),
2.69 (33.3), 2.51 (35.78), 2.198 (41.02), 1.834 (49.66), 1.688 (54.30), 1.598 (57.64), 1.481 (62.68), 1.449
(64.18), 1.308 (72.18); (26.85° 260); TiO- (anatasc — 3.502 (25.41), 2.373 (37.88), 1.89 (49.09), 1.664
(55.14); TiO; (rutile — 3.240 (27.50) A (°26).
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Figure 2 - Diffraction pattern of a sample of modified clay: K-kaolinite, A-anatase, R-rutile, H-hematite

Figure 2 shows the diffraction reflections of mechanically activated kaolinite clay.

According to the literature [15-19], the x-ray spectra of kaolinite clays have nine peaks in the range 1-
307 (20):

- The basal distance is 7,27 A (20 = 12,15 °) with intensity 79,4% and tip width 0,20 (26 = 12,15 °);

- Calcined kaolinite gives 13 peaks in the same range 2. The basal distance is 7,15 A (20 = 12,15 ©)
with intensity 69,7% for kaolinite and tip width 0,10 (20 = 12,15 °);
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- For acid activated kaolinite, the expansion of the basal gap is from 7,27 to 7,30 A; 20 = 12,14 °), and
the peak intensity is from 23.14% to 21.32% [16].

According to the data obtained, it can be concluded that after mechanical activation, the phase and
chemical composition of kaolinite clay has changed, since kaolinite reflections (001) with interplanar
spacings of 7.12 A (12.40 ° 26) and (002) 3.56 A (24.96 ° 26) not detected. Hydrogen bonds between the
octahedral layer and the oxygen of the tetrahedral layer can serve as a source of interlayer bonds in the
structure of kaolinite. [ 19, 20].

Despite the fact that many works on the general structure of pillared clays have been published, the
detailed structure of the columns and the type of connection of the columns with silicate layers are still
poorly understood.

Natural clays, including kaolinite and montmorillonite, have a layered structure and high cation
exchange capacity. The surface area values vary from 5 to 25 m?*/g for kaolinite and 15.5-82.0 m?%/g for
montmorillonite depending on the particle size distribution, particle shape, and pore distribution in the
clay material [20, 21].

Changes in the texture characteristics of pillared montmorillonite and kaolinite clays according to the
isotherms of low-temperature nitrogen adsorption are presented in table 2.

Table 2 - Structural characteristics of pillared clays

Type of The content of | Specific surface Type of kaolinite The content of the Specific
montmorillonite the oxide area SpeT, M/T pillared clay oxide columns, surface area
pillared clay columns, wt.% wt.% SpeT, MYT
MI-1-Z1/Ba 710, -23% 243 KI-1-Zr 7r0, - 18% 66
MI-2-Zx/Sr 710, -22% 240 KI-2-Al ALO, - 15% 55
MI-3-Zx/Ca 710, -22.5% 240 KI'-3-Z1/Al AL O, - 4%, 7r0, 51
—18%
Note: The specific area of natural montmorillonite | Note: The specific area of natural kaolinite clay is ~ 5 m?%/g.
clay is ~ 20 m%/g.

The data in table 2 show that the specific surface area of the initial clay increases with pilling: in
montmorillonite clay from 20 to 243 m?*/g and in kaolinite clay from 5 to 66 m?g, the content of
zirconium reaches 18-23%, aluminum 4 -15%.

The obtained characteristics are in good agreement with the published data that montmorillonite and
kaolinite can be used as starting material for modification with the introduction of aluminum and
zirconium into the intermediate layers [12-15, 22-24].

The synthesized columnar clays are environmentally friendly and effective for use as carriers in the
preparation of heterogeneous catalysts. Also.their use as adsorbents in the production of petrochemical
and organic chemicals is not ruled out.

Conclusion

The structure of natural and pillared clays was studied, the relationship between the structure of the
pillars and the mechanism of their formation was determined, columnar clays having catalytic propertics
were obtained.

It is shown that pillared clays synthesized from natural clays of the Tagan and Turgay deposits of the
East Kazakhstan region, the Republic of Kazakhstan, can be used as carriers for catalysts. Their specific
surface area and catalytic activity are significantly increased by using the pilling process.
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! M.X. lynatu ateraars Tapas MemIekeTTik yausepeuTeTi, 080000, Tapas, Kazakcran;
2T K. BOpeCKOB aTBIHOAFEI KATAIHM3 HECTUTYTH, 630090, Hosocibip, Pecei

KATAJIMTHKAJIBIK KYHAEJEPIH TACEIMAJIIAYIIBICEHI PETIHJE
KOJJJAHBLIATEIH BAFAHAJIBI CA3BAJIIIEIKTAPIBI CHHTE3AEY

Annoranmusa, Taburm ca30ammbIKTapasl aaCOPOCHTTCP PETIHAC FAHA SMEC, COHBIMCH KATap JKAHA KOFApPBI
CCJICKTHBTI KaTAMM3aTOPIAPABIH TACBIMAIAYIIBUIAPEL PETIHAE A€ YTHIMABI KONAAHY VIKCH KbI3BIFY IIBIIBIK
TyZbIpanpl. bynm Makamaga KaTaMMTHKANBIK XHMES OArbITBIHAA KATANATIH3aTOPIAPIBIH TACHIMAIIAYIIBICEI PETIHAC
OaraHaTBl ca30aMIBIKTAPAB KOTIAHYFa IOy Kacaiurad. Al-, Zr-, Al/Zr-MoqupuKauHATIAHFAH Ca30aIIBIKTapABIH
(pM3MKA-XUMILIIBIK KacHeTTepi 37eMeHTTIK Tanaay, bOT xone POA oxictepi apKbLIbI 3¢pTTENTCH.

KaonmauTTi Cca30anmbIkTel MEXaHUKAIBIK akTuBTCHAIPY (Toprait xeH opwbl, LIIbireic Kazakcran oOmBICHD)
sKorapsl kepHey i AI'O-2 mmaHeTanbIK JHipMEHIHE JKy3ere achIpsuiabl. JKammbl PEeHTTCH COYJICCIHIH TUPPAKIMACH
omicimeH (DRON-4-0.7) TaOufu >k0HC MCXAHHKANBIK AKTHBTCHAIPUITCH KAOTWMHHUT Ca30aIIIBIKTAphIHA ApHATFAH
CICKTPJCP 3CPTTCIAL

Tabury ca30anmIbIKTaH >KacalFaH YITIHIH CIEKTpiH 3eprrey OapbickiHna, kaoxmHutTiH (K, PDF-080-0885)
TU(PAKIIAIBIK marsUTsicTapsr; 7.12 (12.40 © 20), 4.38 (20.35), 4.16 (21.34), 3.56 (24.96) A 3.661 (24.30), 2.69
(33.3), 2.51 (35.78), 2.198 (41.02), 1.834 (49.66), 1.688 (54.30), 1.598 (57.64), remarurtiy (a-Fe.Os;, PDF-089-
8103) apameik xadater: 1.481 (62.68), 1.449 (64.18), 1.308 (72.18); xBapn (26,85 ° 20); TiO, (anaraza - 3.502
(25.41), 2.373 (37.88). 1.89 (49.09), 1.664 (55.14); TiO» (pytua - 3.240 (27.50) A (° 20) apambik KaGaTTapsi
JKA3BUIABL. AJIBIHFAH MOJIIMETTEP HETI31HAC ca30ammbIKTHIH (Da3aIblK KypaMbl TYPAIbl KOPHITEIHIBI KACAYFa 00 IbL.
KaomuHuT ca30aMIIbFBHBH MCXaHHUKAIBIK, KypaMbl MCXAHHKAJIBIK AKTHBALMAFA OAHIAHBICTH ©3repai, oUTKeHi 7,12
A (12.40 °20) sxome (002) 3.56 A (24.96 °20) apanbFbIHIAFHI KA0aT KeHicTiri 6ap kaommemt (001) MAFBLTBICTAPHI
AHBIKTAIMATIbL.

3eprreyra anblHFAH KAOJIMHHUT KOHE MOHTMOPHIUIOHHT CA30aIIIBIKTAPBIHBIH 3JIEMEHTTIK KYpaMAaphl aHBIK-
Taaasl. HoTHKECiHAE MOHTMOPHIUIOHHT YImiH ~20-1aH 243 M?/T, KAOJMHMT YIIiH ~3-T¢H 66 M%/T AeHiHri MEHIIIKTI
OeTTik KabaTel Oap OaraHAIBI Ca30AIIBIKTAD ATBIH/IBL.

AJBIHFAH KOPCETKIINTEP MOHTMOPHJUIOHHT IICH KAOJIHMHHUTTI ApPANBIK KAabaTTapra aMFOMHHHA MCH IUPKOHHH
€HTI3yMEH MOJU(HKAIMAIAy YIIiH 6acTanKbl MAaTepHaN PETiHAC KOIIAHyFa OOIATBIHBI 9ACOUCTTEPAC SKAKCHI KEIi-
CLIITEH.

Ocsrnaiiima, >KOFaphIIa KSNTIPIITCH aKMapaT CHATE3ACITCH OAFAHAJIBI Ca3aap IKOJIOTHAIBIK Ta3a KOHE TCTCPO-
TCHAI KaTaIH3aTOPIAPABIH TACKIMAIAY IIBICHI PETIH/EC MalaIaHy YINiH THIM/I eKeHiH kepcerTi. Katamusne aramran
OaraHATBl Ca30aMIIBIKTAPARI KOIJAHY KATATH3ATOPIAPABIH OTAHABIK OHIIPICIH JTAMBITY >KOHEC KBIMOAT HMIIOPTTHIK
AHAJIOTTAPBIH AIMACTHIPY MOCCIICCIH IMCIIY TS CCNTITiH THT13C .

Tyiiin ce3aep: TaduFu ca30aNMIBIKTap; MOHTMOPHJUIOHUT; KAOJIMHUT; MEXAHUKAJBIK AKTHBTCHIPY; OaFaHAIBI
caz0ammubIKTap; OaraHaay.

K.A. Illopaesa', B.K. Macaimmoga!, C.M. Haypeikymosal, B.A. Caabicon?

! Tapasckuit rocynapcTeeHHbIi kKuuBepcuteT umern M. X, Jlymatu, 080000 Tapas, Kazaxcran;
2 UucrutyT katamasa mvenn [.K. Bopeckoro, 630090 HosocuGupek, Poccust

CHUHTE3 CTOJBYATHIX I'/IMH JJIA IPUMEHEHHAA EI'O
B KAYECTBE HOCHUTEJIA KATAJIUTHYECKHUX CUCTEM

Annotammst. [TpupogHbIC TIMHBI MPEACTABILIEOT OCOOBIH HMHTEPEC ML MX PAIMOHAIBHOTO HCIIOJB30BAHUS B
Ka4yeCTBE HE TOJNBKO anCOPOCHTOB, HO M HOCHTEJICH HOBBIX BBHICOKOCEICKTHBHBIX KATANIM3aTOPOB. B maHHOW cTaTthe
MPEACTABJICH 0030p CBEJCHHH MCIOJB30BAHHUS CTOJIOYMATHIX TJIMH B OOJACTH KATAJMHTHYCCKONH XMMHH B KaUECTBE
HOCHTCJICH KATaaM3aTopoB. M3yucHBI (PH3HKO-XHMHYUCCKHEC CBOWCTBA CHHTC3HPOBAHBIX Al-, Zr-, Al/Zr-mommdu-
OUPOBaHHBIX ruH Metogamu bIT, POA u sneMeHTHOTO aHanm3a.

Brina mposeneHa MexaHWdECKas akTwBarms kKaommHWTOBOM ThmHBI (Typratickoe mecropoxaenue, BKO) Ha
BBICOKOHANPSDKCHHOH TutaneTapHoi menbHuIEe AI'O-2. Merogom auppakmum oOMmEro M3IyHCHHS PEHTICHOBCKHX
ayqeit (JPOH-4-0.7) 6pum H3yUeHBI CIIEKTPHI A1 MPUPOJHON W MEXAHMYICCKH AKTUBH3HPOBAHHOW KAOJMHHTOBBIX
TJIUH.
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[Tpu mccneaoBaHuy CIICKTPOB 00Pa3na MCXOMHOM MPHPOIHON TIIHHBI OBIIH 3a(pUKCHPOBAHBI AU(DPAKIHOHHbIC
pednekcsr kaomuunTa (K, PDF-080-0885) ¢ MEKIIIOCKOCTHEIME paccTostHmaMHE 7.12 (12.40° 20), 4.38 (20.35), 4.16
(21.34), 3.56 (24.96) A; remaruta (0-Fe,03 PDF-089-8103) ¢ MEKIIOCKOCTHBIME PACCTOSHHAME 3.661(24.30), 2.69
(33.3), 2.51 (35.78), 2.198 (41.02), 1.834 (49.66), 1.688 (54.30), 1.598 (57.64), 1.481 (62.68), 1.449 (64.18), 1.308
(72.18); xBapma (26.85° 20); TiO; (amaTa3z — 3.502 (25.41), 2.373 (37.88), 1.89 (49.09), 1.664 (55.14); TiO> (pyTan —
3.240 (27.50) A (26). Tlo mOTyHYCHHBIM JAHHBIM MOKHO CACIATH BBIBOIBI O TOM, YTO (Da30OBBIH COCTAB MPOBEICHHS
MCXAHHUYCCKOW AKTHBALMH XHMHYCCKHH COCTAB KAOJWHUTOBOH TJIHHBI H3MCHHIACH, TAK KAK, PSPICKCH KAOTHMHHTA
(001) ¢ MEKTLIOCKOCTHBIMH paccTosHmsaMHE 7.12 A (12.40°20) m (002) 3.56 A (24.96 ° 20) He 06GHAPYKCHBL.

OnpeacncHbBl XUMHUYCCKHC 3JCMCHTHBIC COCTABHI HCCICIYCMBIX MOHTMOPHILIOHHTOBOM W KAOTHHHTOBOH
rrHBL. B pe3yapTaTe WCCICIOBAHHMA MOJYUCHBI CTONOMATHIC TIIHHBI C BBICOKOH YICTHHON MOBEPXHOCTBIO. Y
MOHTMOPUJUIOHUTOBOM ITMHBI OT ~20 10 243 MYTH Y KaOJMHUTOBOM IJIMHBI OT ~35 710 66 MT.

TMoay4yeHHBIE MOKA3aTEIN BIOJHE COTJIACYIOTCS C JIMTEPATYPHBIMU JAHHBIMU O TOM, YTO MOHTMOPHJUIOHHUT H
KAOJIMHUT BIIOJIHC MOTYT OBITh HCIIOIB30BAHBI B KAYCCTBC UCXOTHOTO MAaTepHaa IId MOTU(HKALNH C BBCICHHCM
AIFOMUHUS U IUPKOHUS B MPOMEYKY TOUHBIE CJIOU.

Taxum 00pazoM, BBIIC MPCACTABICHHBIC CBCACHHSA MOKA3ANH, YTO CHHTC3HPOBAHHBIC CTOJIO0YATHIC TIIHHBI
SIBJITFOTCS IKOJIOTHUCCKH YHCTHIMH H 3(P(PCKTHBHBIMH 11 MPHMCHCHHA WX B KAYCCTBC HOCHTCI TCTCPOTCHHBIX
Katamu3atopoB. MCMomp30BaHHE CTONMOYATHIX TIIMH B KATATH3C TMOMOXKCT PCIIUTH BOMPOCH! PA3BHTHA OTCUCCTBCH-
HOTO MPOM3BOACTBA KATAIU3aTOPOB M 3aMEHBI JOPOTHX HMIIOPTHBIX AHAJIOTOB.

Kmouernbie ¢JI0BA; MPHPOTHBIC TIHHBI, MOHTMOPHJUIOHAT, KAOJHHUT, MCXaHHUCCKAS AKTHBAIUA, CTOIOYATHIC
[JIMHBL, TULIAPUPOBAHUE.
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