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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 elemental 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.

Key words: natural clays; montmorillonite; kaolinite; mechanical activation; pillared clay; pillarization.

Introduction

Cost-effective 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 [5, 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 [§].

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 planetary 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)" (Al;4Mgos) 'Oz (OH)4, and the
theoretical composition without intermediate material is SiO, 66.7%, Al,O3 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 Si02 | ADLOs | Fe:0s | TiO2 | CaO | MgO | KoO | NaxO | PS
Montmorillonite Clay Elementcontent, wt. %
55,5 19,38 4,4 0,3 1,98 2,18 1,5 1,14 9,5
Element / Sample Si02 ALLOs Fex0s3 TiO2 CaO MgO K20 Na2O PS
Kaolinite clay Elementcontent, wt. %
3933 [ 4020 | 1780 | 201 | ne | 016 [ ne [ 0,19 [ 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: Aly [Si4010] (OH)s. It contains 39.5% Al,Os, 46.5% SiO; and 14% H>O. The crystal structure
of kaolinite consists of two-layer packets containing one oxygen tetrahedral layer of the composition
[Si2n0sy]*™" and one aluminum-hydroxyl octahedral layer of the composition [Alx(OH)sn]*"". Both layers
are 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
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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° 20); TiO, (anatase — 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-
30° (20):

- The basal distance is 7,27 A (20 = 12,15 °) with intensity 79,4% and tip width 0,20 (20 = 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 (26 = 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 ° 260) 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 SgeT, M¥/T pillared clay oxide columns, surface area
pillared clay columns, wt.% wt.% SBET, M%/T
MI-1-Zr/Ba Zr0,-23% 243 KTI-1-Zr 710, - 18% 66
MI-2-Zr/Sr Zr0,-22% 240 KI'-2-Al AIZO3 - 15% 55
MTI'-3-Zr/Ca Zr0, - 22.5% 240 KI'-3-Zr/Al Al O, — 4%, ZrO, 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 properties
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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KATAJIMTAKAJIBIK )KYHUEJEPIIH TACBIMAJIJIAYIIBICHI PETIHIE
KOJJAHBIJIATBIH BAFAHAJIBI CA3SBAJIIIBIKTAP/IBI CUHTE3/JIEY

AnHotanusi. TaOury ca30anmIbIKTapasl aJcOpOCHTTEp pEeTiHIEe FaHa eMeC, COHBIMEH Karap >KaHa JKOraphl
CENISKTHMBTI KaTaln3aTopJiap/AblH TachIMaJIaylIbuIaphl pPETiHIE JA€ YTBIMABI KOJIAAHY YJIKEH KbI3BIFYIIBLIBIK
TyIbIpaabl. byl Makanana KaTaJUTUKAIBIK XAMHS OarbIThIHAA KaTalaln3aTopiapiblH TachIMaIJayIlbIChl PETiHAE
OaraHayBl ca30aNIIBIKTapABl KOJMAaHyFa MOy kacairal. Al-, Zr-, Al/Zr-monudukanusuianrad ca30alibIKTapabH
(hm3MKa-XUMUSIIBIK KacueTTepi 31eMeHTTiK Tangay, bOT sxone POA opicTepi apKbUIBI 3epTTENTeH.

KaonuunTTi ca30ammublkTel MexaHuKanblK akTuBTeHIipy (Toprail keH opHbl, LIbirbic Kazakcran oOibichn)
JKOFapbl KepHeysli AI'O-2 naHeTasnbIK JUipMEHIH/e JKy3ere achlpbulabl. JKamsl peHTreH cayseciHiH TU(paKImsich
oniciven (DRON-4-0.7) TaOufu >koHE MEXaHHMKAJbIK AKTUBTEHAIPUIrEH KAaOJMHUT ca30allIbIKTapblHA apHAJFaH
CIICKTpJIep 3ePTTEIII.

Taburu caz0aIIbIKTaH >KacalraH YJTIHIH CIEKTpiH 3epTrey OapsichiHa, kaonuHuTTiH (K, PDF-080-0885)
JUGPAKIUANBIK marsusicTapbl: 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), remarutrin (0-Fe2O3;, PDF-089-
8103) apansik kabater: 1.481 (62.68), 1.449 (64.18), 1.308 (72.18); xBapu (26,85 ° 260); TiO, (anartaza - 3.502
(25.41), 2.373 (37.88), 1.89 (49.09), 1.664 (55.14); TiO, (pytun - 3.240 (27.50) A (° 20) apansik KabGarTapbi
JKa3bUIIBL. AJIBIHFaH MAJTIMETTEp HeTi3iHle ca30aImbIKThIH (ha3albIK Kypambl Typajibl KOPBITBIHIBI JKacayFa O0Jaibl.
KaonuHut ca30aimbiFbIHBIH MEXaHUKAIBIK KYPaMbl MEXaHHUKAJIBIK aKTHBALMsAFa OaliiIaHbICTHI ©3repi, eiTKeHi 7,12
A (12.40 °20) sxone (002) 3.56 A (24.96 °20) apanbirbiHarsl KabaT keHicTiri 6ap kaomuuut (001) MaFbLIBICTAPHI
AHBIKTAJIMaJPbI.

3epTTeyra aJblHFaH KaOJMHHUT JXKOHE MOHTMOPWIIOHHMT Ca30aIbIKTapbIHBIH 3JIEMEHTTIK KypamJapbl aHbBIK-
Tanael. HoTmkecinme MOHTMOPHIIOHAT YImiH ~20-1an 243 M?/T, KaONMHMT YIIiH ~5-TeH 66 M*/T OeiiHri MeHIIiKTi
OeTTik KabaThel Oap OaraHaibl ca30aIIIBIKTAp AJTBIHIBL.

AJBIHFaH KOPCETKIIITep MOHTMOPHJUIOHHUT IEH KAaOJMHHUTTI apayblK KabaTTapra aJlOMHHUI MEH LHMPKOHHMH
eHrizymMeH Mojudukanusuiay yiiH 6acTanksl MaTepual peTiHAe KOoJlaHyFa OOJaThIHBI 9eOHeTTepIe KaKchl Kei-
cuireH.

Ocepunaiinia, >KoFapblia KeATIpUIreH aknapar CHHTE3/Ie]reH 0araHallbl ca3ap SKOJOTHSUIBIK Ta3a jKoHE TeTepo-
TeH]II KaTalln3aTOPIIap IbIH TaChIMAaJIAyIIBICHl PETIH/IC MaiaiaHy YIIiH THIMII eKeHiH kepcerTi. Katanusae aTamraxn
OaraHaIbl ca30ANIMIBIKTap/Ibl KOJIAAHY KaTalM3aToOpJIAp/IbIH OTAHABIK OHAIPICIH AaMBITY KoHE KbIMOAT MMIOPTTHIK
aHaJIOI'TapbIH aJIMACTBIPY MACEJIECIH IIENIyTe CeNTIriH TUTi3ei.

Tyiiin ce3mep: TaOuru cazdaIMIBIKTap; MOHTMOPHIUIOHNT; KAOJUHNT; MEXaHUKAIBIK aKTUBTEHIpY; OaraHaibl
ca30anmbIKTap; OaraHanay.

K.A. Lllopaesa!, B.K. Macaaumosa', C.M. Hayprizkyaosa!, B.A. Cagbikos?

! Tapascknii rocynapcTennsiii KuuepeuteT umenn M.X. Jlynatu, 080000 Tapas, Kazaxcran;
2 UnctutyT Katammsa nmenn I K. Bopeckoro, 630090 Hoeocubupck, Poccust

CHUHTE3 CTOJBYATBIX I'V/IUH JUISA IPUMEHEHUSA EI'O
B KAYECTBE HOCHUTEJISA KATAIMTUYECKUX CUCTEM

Annotanus. [TpuposHble TIMHBI MPEJCTABISIOT OCOOBIM MHTEpeC JUIl MX PAlOHAJIBHOIO HCIOJIB30BAHUS B
KadecTBe HE TOJBKO aIcOpOCHTOB, HO M HOCHTEIEH HOBBIX BHICOKOCEIIEKTUBHBIX KAaTalIW3aToOpoB. B maHHOH craThe
mpeacTaBiIeH 0030p CBEACHUI HCIOJIB30BAHUS CTONOUYATHIX TJUH B O0OJACTH KATaJUTUYECKOH XMMHH B KadeCTBE
HOCHTENIeH KaTann3aTtopoB. M3ydeHbl (DU3WKO-XUMHUYECKHE CBOWCTBA CHHTE3MPOBaHBIX Al-, Zr-, Al/Zr-momudu-
MPOBAHHBIX TNIMH MeTogamMu bOT, PDOA u sneMeHTHOTO aHamu3a.

Bruta mpoBenena mexanudeckast akThBanus KaonuHMTOBOW TrnuHBI (Typraiickoe mecropoxnaenue, BKO) nHa
BBICOKOHAIPSDKEHHOH TmaHeTapHON MenbHUIE AI'O-2. MeTtomom audpakiiui oOIIero M3mydeHHs PEeHTTEHOBCKHUX
nyueit (JJPOH-4-0.7) Oply n3ydeHsl CHEKTPHI A MPUPOJHON M MEXaHHMUECKH aKTHBU3MPOBAHHON KAOIMHUTOBBIX
TJIMH.
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[Ipu uccnenoBaHnu CHEKTPOB 00pa3lia UCXOJHOW MPUPOIHOI TIIMHBI ObUIM 3aQUKCUPOBaHBI AUGBPAKIHOHHbIC
pednekcs kaonuanTa (K, PDF-080-0885) ¢ MeXIIOCKOCTHBIMU paccTossHusaME 7.12 (12.40° 20), 4.38 (20.35), 4.16
(21.34), 3.56 (24.96) A; rematura (a-Fe,03, PDF-089-8103) ¢ MEXIITOCKOCTHBIMH paccTOsTHUSMH 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; (anara3 — 3.502 (25.41), 2.373 (37.88), 1.89 (49.09), 1.664 (55.14); TiO, (pyTam —
3.240 (27.50) A (°20). Tlo momyd4eHHBIM JAHHBIM MOKHO CHIEJIaTh BBIBOJBI O TOM, YTO (ha30BbIil COCTAB MPOBEICHHS
MEXaHUYECKOW aKTHUBALIMU XMMHUUYECKHH COCTAB KAOJMHUTOBOW TIIMHBI U3MEHMIIACh, TaK Kak, peeKkchl KaoJIMHUTA
(001) ¢ MexmIockocTHBIME paccTosHuaME 7.12 A (12.40°20) u (002) 3.56 A (24.96 °20) He 06HApyKEHBI.

OmnpeneneHbl XUMHYECKUE DJIEMEHTHBbIE COCTAaBbI HCCIIEAYEMbIX MOHTMOPHJUIOHUTOBON W KaOJMHHTOBOM
IIUHBL. B pe3yibraTe HMCCIEOBaHUs TOJyYeHbl CTOJOYAThie TJIMHBI C BBICOKOW YJENBHON MOBEPXHOCTHIO: Y
MOHTMOPHILUIOHUTOBOM IMIHHBI 0T ~20 110 243 M/T 1 y KaOJTMHUTOBOM TJIMHEI OT ~5 10 66 M2/T.

[Nony4eHHbIe MOKA3aTeNy BIOJIHE COTIACYIOTCS C JIMTEPATYPHBIMU JAHHBIMH O TOM, YTO MOHTMOPHJUIOHHT U
KaOJIMHUT BIIOJIHE MOT'YT OBITh UCIIOJb30BaHbI B KAYECTBE MCXOJHOTO Marepuana Juis MOJAu(UKAIMK C BBEACHHEM
ANOMHUHUS U UPKOHUSI B TIPOMEKYTOYHBIE CJIOH.

Takum 00pa3oM, BbIlie MPEICTABICHHbIE CBEJICHUS IOKA3alld, YTO CHHTE3WPOBAHHbBIE CTOJOYATHIE TIIMHBI
SIBJISIFOTCST 9KOJIOTHYECKH YHCTBHIMUA M A(G(GEKTUBHBIMH JJIsl IPUMEHEHUsI UX B KaueCTBE HOCHTEINS I'€TepOreHHbIX
KaTanu3atopoB. Vcrosbp30BaHue CTONOYATHIX [NIMH B KaTajlM3€ MMOMOXET PEUIUTh BOMPOCHI Pa3BUTHUSI OTEUECTBEH-
HOT'O MPOU3BOICTBA KATAIU3aTOPOB M 3aMEHBI JOPOTHX UMIOPTHBIX aHAJIOTOB.

KaioueBble ciioBa: pupoIHble TJIMHBI, MOHTMOPUIJIOHHUT; KAOJIUHUT, MEXaHUYECKasl aKTHBAIHsI; CTOJI04aThIe
TJIMHBL, THJIAPUPOBaHHE.

Information about authors:

Shorayeva Kamshat Abitkhanovna — 3-year PhD student of specialty chemistry, M.Kh. Dulati Taraz State University, Tole
bi str. 60, Taraz, Kazakhstan, k.a.shorayeva@mail.ru, https://orcid.org/0000-0002-2144-233X

Massalimova Bakytgul Kabykenovna — candidate of chemical sciences, associated professor, manager of the department of
“Chemistry and chemical technology”, M.Kh. Dulati Taraz State University, Tole bi str. 60, Taraz, Kazakhstan,
massalimoval5@mail.ru, https://orcid.org/0000-0003-0135-9712

Naurzkulova Symbat Muratbekovna — 2-year PhD student of specialty chemistry, M.Kh. Dulati Taraz State University, Tole
bi str. 60, Taraz, Kazakhstan, simbat_3@mail.ru, altynbekova.1985@inbox.ru, https://orcid.org/0000-0002-8489-320X

Sadykov V.A. — doctor of chemical sciences, professor, Boreskov Institute of Catalysis, Novosibirsk, Russia,
vasadykov(@mail.ru, sadykov@catalysis.ru, https://orcid.org/0000-0003-2404-0325

REFERENCES

[1] Prajitha Prabhakaran M.K., Pushpaletha P. (2017) Preparation of solid acid catalyst from modified Kaolinite and its
characterization and catalytic activity, Indian Journal of Chemical Technology, 24:637-643 (in Eng).

[2] Nikiforova M.A., Rysev A.P., Sadykov T.F., Konkova T.V., Alekhine M.B. (2011)Preparation, texture parameters and
catalytic properties of Ce montmorillonite, Advances in chemistry and chemical technology, TomXXV, Ne§ (124) (in Russ).

[3] Barantseva S.E., Yakovleva N.S., Poznyak A.I., Nichipor V.N. (2018)Pyrophyllite-kaolinite rocks — a promising raw
material for the ceramic industry, Subsoil use issues, 1:82-86(inRuss).

[4] Dang T., Chen B., Lee D. (2013) Application of kaolin-based catalysts in biodiesel production via transesterification
of vegetable oils in excess methanol, Bioresource Technology, 145:175-181. https://doi.org/10.1016/j.biortech.2012.12.024
(in Eng).

[S] Adamski A., Legutko P., Dziadek K., Parkhomenko K., Aymonier C., Sadykov V., Roger A. (2018) Role of CeO2-
ZrO2Support for Structural, Textural and Functional Properties of Ni-based Catalysts Active in Dry Reforming of Methane, E3S
Web of Conferences, Energy and Fuels 2018, https://doi.org/10.1051/e3sconf/201910802018 (in Eng).

[6] Rosengart M.I., Vyunova G.M., Isagulyants G.V. (1988) Layered silicates as catalysts,Advances in chemistry, 57,
No 2. C:204-227(in Russ).

[71 Komov D., Nikitina N.V., Kazarinov I.A. (2015) Sorbents based on natural bentonites, modified by
polyhydroxocations of iron (IIT) and aluminum by the sol-gel method, News of Saratov university. 15:27-34(in Russ).

[8] Konkova T.V., Alekhina M.B. (2012) Modification of bentonite clay for catalytic wastewater treatment from organic
impurities, Water: chemistry and ecology, 4:77-81 (in Russ).

[9] Poluboyarov V.A., Solonenko O.P., Zhdanok A.A., Chesnokov A.E., Paulini I.A. (2017) Comparison of the efficiency
of AGO-2 and Activator-2SL mills during mechanical activation of titanium powder, Journal of Siberian Federal University,
Engineering and Technologies, 10(5):646-656 (in Russ).

— 107 =——




News of the Academy of sciences of the Republic of Kazakhstan

[10] Gil A., Korili S.A., Vicente A. (2008)Recent Advances in the Control and Characterization of the Porous Structure of
Pillared Clay Catalysts, Catalys. Reviews, 50:153-226 (in Eng).

[11] Shadin A.N., Zakarina N.A., Volkova L.D. (2016) Processing weighted vacuum gasoil by cracking on zeolite and HC-
Y-containing catalysts supported on aluminum column montmorillonite, Bulletin of National Academy of sciences of the
Republic of Kazakhstan, 362:111-117 (in Russ).

[12] Bhattacharyya K. G., Gupta S. S. (2008)Adsorption of a few heavy metals on natural and modified kaolinite and
montmorillonite: a review, Chemistry, Medicine, 140(2):114-31.DOI:10.1016/j.cis.2007.12.008 (in Eng).

[13] Jiang M-Q, Jin X-Y, Lu X-Q, Chen Z-L (2010) Adsorption of Pb(II), Cd(II), Ni(II) and Cu(II) onto natural kaolinite
clay. Desalination 252(1):33-39. https://doi.org/10.1016/j.desal.2009.11.005 (in Eng).

[14] Bosco S.M., Jimenez R.S., Vignado C., Fontana J., Geraldo B., Figueiredo F.A., Mandelli D., Carvalho W.A. (2006)
Removal of Mn(IT) and Cd(II) from wastewaters by natural and modified clays. Adsorption, 12(2):133-146 (in Eng).

[15] Bhattacharyya K.G., Gupta S.S. (2007) Adsorptive accumulation of Cd (II), Co (II), Cu (II), Pb (II), and Ni (II) from
water on montmorillonite: Influence of acid activation, Journal of Colloid and Interface Science, 310(2):411-
424 https://doi.org/10.1007/s10450-006-0375-1 (in Eng).

[16] Grim R.E. (1968a) Clay Mineralogy, McGraw-Hill, New York, p. 126 (in Eng).

[17] Grim R.E. (1968b) Clay Mineralogy, McGraw-Hill, New York, p. 298.

[18] Ghosh D., Bhattacharyya KG (2002) Appl. Clay Sci.,20:295 (in Eng).

[19] Bailey S.W. (1988) Chlorites: structures and crystal chemistry. In: phyllosilicates (exclusive of micas), Rev. Miner.
19:1 pp.(in Eng).

[20] Frost R.L. (1997) The structure of the kaolinite minerals — aft-raman study, Clay Miner, 32(1):65-77 (in Eng).

[21] Chaari I., Medhioub M., Jamoussi F. (2011) Use of clay to remove heavy metals from Jebel Chakir landfill leachate,
Journal of Applied Sciences in Environmental Sanitation 62:143-148(in Eng).

[22] Gupta S.S., Bhattacharyya K.G. (2012)Adsorption of heavy metals on kaolinite and montmorillonite: a review, Phys.
Chem. Chem. Phys., 14:6698-6723 (in Eng).

[23] Kalmakhanova M.S., Massalimova B.K., Diaz de Tuest J.L., Gomes H.T., Nurlibaeva A.H. (2018) Novelty pillared
clays for the removal of 4-nitrophenol by catalytic wet peroxide oxidation, News of the national academy of science of the
republic of Kazakhstan, series of geology and technical sciences, 429:12-19 (in Eng).

[24] Massalimova B.K., Shorayeva K.A., Nauruzkulova S.M., Jetpisbayeva G.D., Altynbekova D.T., Amanzhol Zh.E.,
Sadykov V.A. (2019) The catalytical oxidation of propan-butane mixture on the hydrogen and hydrogen content compounds,
News of the national academy of science of the republic of Kazakhstan, series chemistry and technology,434:21-25(in Eng).

— 108 ——



News of the Academy of sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[TpaBwia opopMIICHHS CTATBU IS Ty OJITHKAIIHH
B )KypHaJile CMOTPETh Ha CaiTe:

www:nauka-nanrk.kz

http://chemistry-technology.kz/index.php/en/arhiv

ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

Penakropsl: M. C. Axmemosa, I. b. Xanuoynnaesa, /. C. Anenos
Bepctka Ha kommbroTepe A.M. Kynveunbaesoii

IToanucano B neuats 13.02.2020.
dopmat 60x881/8. bymara odcernas. [leuats — puszorpad.
7,8 .. Tupax 300. 3aka3 1.

Hayuonanvnas akademus nayk PK
050010, Armamur, ya. [llesyenxo, 28, m. 272-13-18, 272-13-19



