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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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SYNTHESIS OF PEROFSKITE-LIKE
Co-CONTAINING CATALYST

Abstract. There are several approaches to the preparation of catalysts with a developed surface based on oxides
with a perovskite structure. Perovskites, due to the possibility of easy variation of chemical composition, make it
possible to choose the optimal composition of the catalyst and surface area, and as a result it is possible to influence
effectively the selectivity.

Perovskite-like LaMeO3 oxides are one of the most promising catalysts for many oxidation processes due to
their high activity in oxidative reactions and the stability in aggressive environment. Pekini method (polymer
complexes method) and its simplified variant - citrate method are the most widely used for the synthesis of
perovskite-like oxides.

This article reports about the synthesis of perovskite-like complex oxide LaCoO; obtained in two ways:
hydrothermal, using ethylene glycol, and the citrate method using the template — mesoporous silica KIT-6. The
structure of the samples obtained was determined by the XRD method. As a result, it was found that the catalysts
have a perovskite structure.

Key words: LaCoOs3, perovskite, KIT-6.

Introduction. Cobalt catalysts are preferred for Fischer-Tropsch synthesis. The catalytic properties of
cobalt catalysts are usually influenced by chemical interactions between the carriers and the metal, the
texture of the catalysts and the morphology of crystals. Therefore, the balance of interactions between
carriers and cobalt is very important [1-2]. It was previously shown that the type of precursor compound
affects the physicochemical and catalytic properties of the reduced Co nanoparticles [3]. Such stable Co-
containing compounds are mixed oxides with spinel, delafossite or perovskite structures.

Perovskites, due to the possibility of easy variation of the chemical composition, make it possible to
choose the optimal composition of the catalyst and surface area, and as a result it is possible to influence
effectively the selectivity for products. Perovskites have a flexible structure and are able to undergo
significant changes with a possible decrease in symmetry or the formation of defects, while remaining
within the framework of a perovskite structural type. There are several approaches to the preparation of
catalysts with a developed surface based on oxides with a perovskite structure.

Perovskite-like LaMeQj; oxides are one of the most promising catalysts for many oxidation processes
due to their high activity in oxidative reactions and the stability in aggressive environment. Pekini method
(polymer complexes method) and its simplified variant - citrate method are the most widely used for the
synthesis of perovskite-like oxides [4]. The method of polymer complexes is a method for the synthesis of
highly homogeneous and highly dispersed material oxides by using a complexing agent and the
intermediate production of a polymer gel. Citric acid is usually used as the complexing agent, and ethylene
glycol as the copolymer. However, the method of polymer complexes has its drawbacks, since the cations
of some metals, for example, silver and platinum can’t stabilize in the resulting compound: they can be
easily reduced by an organic complexing agent. Another possible way to obtain perovskite-like oxides is
the hydrothermal method and template synthesis, which is the introduction of a template with a developed
surface at the stage of deep interaction of the components [5].
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This article reports the synthesis of perovskite-like complex oxide LaCoO3 obtained in two ways:
hydrothermal, using ethylene glycol, and the citrate method using the template — mesoporous silica KIT-
6. The proposed methods for the synthesis of catalysts ensure the homogenization of cations in the
synthesized precursor compound and the homophasis of the compound obtained.

The structure of the samples obtained was determined by the XRD method. As a result, it was found
that the catalysts have a perovskite structure. As a result, it was found that the catalysts have a perovskite
structure.

Materials and methods. The following reagents were used in the work: La(NOs3):;x6H>O (xd,
Peaxum, TY 6-09-4676-83), Co(NO3):x6H,0 (4, Peaxum, [OCT 4528-78), NaOH (x4, Dxpoc, TOCT
4328-77), HNOs3 (ocu, TOCT-11125-84), ethylene glycol (x4, Peaxum, TOCT 19710-83), citric acid (uza,
Okpoc, 'OCT 36-52-69), C;HsOH (Peaxum, TOCT P 51999-2002). HCI (I'panxum, T'OCT 3118-77),
butanol-1 (Peaxum, TOCT 6006-78), Pluronic P123 (Aldrich, MW 5800 O20PO70E020), ethanol (I'OCT
P 51999-2002), tetraethoxysilane (TEOS) (Kommnonent peaktuB, CTII TY KOMII 2-312-11) For the
preparation of solutions, distilled water was used.

Two samples of LaCoOs; with different ratios La:Co were obtained by the hydrothermal method [6] in
the presence of ethylene glycol. The first sample of LaCoO3 (LCO-1) was obtained by solvation of 0.06
mol of lanthanum nitrate and 0.06 mol of cobalt nitrate in 80 ml of water. Then 0.16 mol of ethylene
glycol was added to the salt solution.

Separately, 120 ml of a 4M sodium hydroxide solution was prepared in a polypropylene beaker. Then,
salt solution with a soft template was added drop wise to the sodium hydroxide solution. The pH of the
solution changed from 3.0 to 13 with the formation of a thick purple precipitate of a mixture of cobalt
alcoholates and lanthanum hydroxide. Then, nitric acid was added drop wise to the solution until pH = 10,
the resulting suspension was stirred for 2 hours. Next, a propylene beaker with a suspension was closed
tightly with a lid and placed in a heating oven for 24 hours at a temperature of 100°C. Slow oxidation of
templates by NOs~ anions which are present in the solution occurs at 100°C followed by the release of
nitrogen or nitrous oxide. Formation of a mixture of carboxylic acids undergoing further degradation with
the gradual separation of terminal carboxyl groups is observed in this process (figure 1).

@ e @

Figure 1 - The scheme of the oxidation of ethylene glycol in hydrothermal conditions

A slow decrease of pH is observed due to the isolation of oxidation products, which leads to an
increase in the concentration of cobalt and lanthanum cations in the solution. At the end of the synthesis,
the brown suspension was washed with 5 L of distilled water on a filter and dried under an infrared lamp.
The obtained powder was calcined in air at 500°C for 3 hours and 750 °C for 4 hours. The second sample
LCO-2 was obtained in a similar way, the amount of metal cations in this synthesis was 0.06 mol of
lanthanum nitrate and 0.08 mol of cobalt nitrate. This ratio was chosen due to the fact that part of cobalt is
lost due to its better solubility in comparison with lantanum [6].

According to published data [7], the mesoporous silicon carrier KIT-6 has a developed specific
surface. On the one hand, its use in the synthesis of LaCoOs by the citrate method can significantly
increase the surface of the forming perovskite. On the other hand, the use of citric acid and, as a
consequence, the creation of an acidic environment under synthesis conditions prevents the chemical
participation of SiO; in the formation of the sample.

The synthesis of the mesoporous silicon carrier KIT-6 was performed according to the procedure [7].
The following ratios of TEOS / P123 / HC1 / H,O / Butanol = 1 mol / 0.017 mol / 1.83 mol / 1.95 mol /
1.31 mol were used to calculate the weights. The synthesis procedure is as follows: 9 g of P123 and 17.40
g of HC1 (35%) were dissolved in 325 g of water, mixed until the solution was completely homogenized.
Next, 9 g of butanol was added and stirred at 35 ° C for 1 hour. Then, 19.35 g of TEOS was added. In this
case, significant heat release was observed. The resulting solution was stirred at 35 © C for 24 hours. In the
last step, the mixture was hydrothermally treated at 100 ° C for 24 hours. Next, the resulting precipitate
was filtered, washed with alcohol and dried under an infrared lamp. The obtained precursor was subjected
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to heat treatment for 4 hours at 500 ° C, during which the organic components of the precursor were
removed and the desired template KIT-6 was formed.

A sample of LaCoO3/KIT-6 (LCO / KIT-6) was obtained by the citrate method. Samples of salts of
(Co(NO3)3 x 6H20 (0.02 mol) 5.83 g and La(NOs); x 6H,O (0.02 mol) 8.67 g and citric acid were
dissolved in 60 ml of ethanol. 6 g KIT-6 was mixed with 60 ml of water and allowed to mix for
30 minutes. Then, a solution of salts was added dropwise into the resulting suspension. The resulting
mixture was kept for 24 hours with continuous stirring at 35 °C, and then, evaporated in a rotary
evaporator at 95 °C to form a gel, which was dried under an infrared lamp, grinded into powder and
calcined at 500 °C for 3 hours and at 700 °C - 4 hours. Then, a sample with KIT-6 was kept in 500 ml of
a 7% NaOH solution at 70 °C for 15 minutes, filtered and washed on a filter with 2 L of distilled water at
a temperature of 75 °C four times, then dried under an infrared lamp.

In the synthesis by the citrate method, an excess of citric acid over the NOs™ anions, calculated on the
conversion of the latter into nitrogen, provides an amorphous gel [4], from which a single-phase LaCoO3
oxide was formed during heat treatment. The resulting powder contains in its structure lanthanum and
cobalt as part of complex chelate complexes that decompose in stages during heat treatment at 1800C and
3500C with the release of water vapor, NO2 and CO2. At the limiting stage, cobalt is oxidized with air
oxygen at 7000 ° C and a perovskite structure is formed:

3C00 + H,0 — Co30, + 2H" + 2e E’=0.99 B [8] (D)
2C030, + H,0 - 3C0,05 + 2H' + 2e E*=1.02 B [8] ()
0, + 4H* + 4e - 2H,0 E'=1.23 B (3)

The phase composition of the samples was determined by X-ray phase analysis (XRD) on a D-8
diffractometer (Bruker) using Cu-Ka radiation by point-to-point scanning method with an interval of
0.050 in the angle range 26 from 20 ° to 80 °.

Intensity

20 30 40 50 60 70
20

PI/ICyHOK 2- ﬂaHHLIe peHTI‘eHO(i)af}OBOI‘O aHaIn3a CUHTE3UPOBAHHBIX 06pa31103

According to the XRD data (Fig. 2), the samples obtained are represented by the LaCoOs perovskite
phase (JCDD PDF2 00-025-1060) with the inclusion of the Co304 phase (JCDD PDF2 00-009-0418) and a
small admixture of the La,O3 phase (JCDDPDF2 00-022-0641).

The results of the XRD analysis show that the samples obtained are represented by the perovskite
phase. The resulting catalysts with perovskite structure are of great interest for the Fischer-Tropsch
synthesis. Perovskites, due to the possibility of easy variation of the chemical composition, allow to
choose the optimal composition and surface of the catalyst, as a result it is possible to influence effectively
the selectivity. In this regard, further study the obtained Co-containing catalysts with the perovskite
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structure by other physicochemical methods is planned and the possibility of using them for Fischer-
Tropsch synthesis is considered.

Source of research funding. Initiative project “Conversion of hydrocarbon raw materials of
Kazakhstan” Department of “Chemistry and Chemical technology” of M.Kh.Dulaty Taraz State
University.

I'.A. IxernucodaeBa, b.K. Macanumoa, A.b. layier
M.X. ynatu ateiaaars! Tapa3 MmeMiiekeTTik yHuBepcuteri, Tapa3, Kasakcran
Co-KYPAM/IbI IEPOBCKHUT K¥PbIJIBIM/IbI LACOO3; KATAJIU3ATOPBIH CUHTE3JIEY

Anoranust. [IepoBcKUT KypbUIBIMBI Oap OKCHATEpre Heri3feireH, OSTTIK ayAaHbl YJIKEH KaTallu3aTopliap.bl
JalbIHAaynelH OipHeme Tociinepi Oap. IlepoBckuTTep, XMMMSUIIBIK KYPAaMBIHBIH MKEMl ©3TepyiHiH MYMKIHAIriHe
0aiiIaHBICTBl KATAIM3aTOPABIH KYpaMbIH JKOHE OHBIH OCTTIK ayJaHbIH OHTAMIIBI TaHIayFa MYMKIHIIK Oepei,
HOTW)KECIHJIe OHIMHIH CEJIEKTUBTIJIriHE ocep €Tyl MyMKiH.

ITepoBckuT KypeUTBIMABI okcuarep LaMeOs; TOTBIFY peaknusIapbIHIAFBl OCJICEHIUTIT MEH arpecCcHUBTI OopTara
TYPaKTBUIBIFBIHA OaIaHBICTHI KOINTETeH TOTBHIFY MPOIECTEpiHIH MEePCIEeKTUBTI KaTaln3aTOPIAPBIHBIH Oipi OobIT
TaObuIaabl. [IepOBCKUT KYPBUIBIM/IBI OKCUATEPAI cuHTe3ey YiuiH [lekunu omici (monumepi KemeHaep d/ici) xoHe
OHBIH JKCHIJIICTUINCH HYCKAChl MMUTPATTBI OMIC KEHIHEH KoyimaHbutaabl. byn makagama LaCoOs mepoBCKUT
KYPBUIBIM/BI KYpJeli OKCUA €Ki JKOJIMEH CHHTE3JIeNi: STHICHIJIMKONb KOJIIaHA OTBIPBII, THAPOTEPMAIbl dAICTICH
KOHE KaTThl TeMIuiat Me3onopiibl kpemHedeM KIT-6 karbichiHaa, nUTpar oici. AJIBIHFAH YATUIEPIIH KYPBUIBIMBI
PDA onicimen anbikTanabl. HaTikecinae karann3aTopaapibiH MEPOBCKUTTIK KYPhUIBIMFA UE EKEHIITT aHBIKTAJIIbI.

PDA momimerTepiHe colikec ajblHFaH YaTiiepAiH (aszansik Kypambl LaCoOs mepoBckutTik (aszaceira (JCDD
PDF2 00-025-1060) caii keneni. .Kypambiana a3 memmepae CozO4 dazacsiabiy (JCDD PDF2 00-009-0418) xone
La,O3 dazacemsig (JCDDPDF2 00-022-0641) enemeyre 6oaThiH Kocmanapsl 6ap.

POA Tanmay HoTvKenepi ajblHFaH YATUIEPIAiH KYpPBUIBIMBIHAA HMEPOBCKHUTTIK (a3a TY3UITEHIIriH KepceTesi.
[TepoBckutTik KypbuibiMFa ue Co-Kypamabl Katanusaropiap Oumep-Tponmn cHHTE3iHAE KOJJAaHyHA YIIKSH
KBI3BIFYIIBUTBIK  Tynbipanbl. CeOebi, TEepOBCKUTTEpIiH, XWUMILSUTBIK KYPaMBIHBIH HKEMII ©3repy MYMKIiHZiriHe
0aifIaHpICTEI, ONap KaTalM3aTOPABIH OHTAWIBI KypaMbl MEH OCTTiK ayIOaHbIH YIFaiiTyFa MyMKIiHOIK Oepei,
HOTH)KECIHJIE CEeNIEKTHBTLIIKKE THIM/I ocep eTyl MyMKiH. OcbiFaH OailIaHbICThI aJbIHFAH TEPOBCKUTTIK KYPBUIBIMBI
6ap Co Kypamapl Kataimu3aropiiapAbl OosamakTa 0acka (HU3MKa-XUMUSUIBIK O/IiCTEPMEH 3epTTey xoHe Duiiep-
Tpomm cuHTE31HAE KONAaHy MYMKIHAIT KapacThIPhIIa/Ib.

Tyiiin ce3nep: LaCoOs, nepockut, KIT-6

I'.A. AxernucbdaeBa, b.K. MacanumoBa, A.b. [layier
Tapa3ckuii rocyaapcTBeHHbIN yHuBepceurer uM. M. X Jlynaru, Tapas, Kazaxcran
CHUHTE3 IIEPOBCKUTONOJOBHOTI'O Co-COAEPKAIIEI'O KATAJIM3ATOPA

Anoranusi. CyliecTByeT HECKOJIBKO TOJIXO/IOB K IOJYYSHHUIO KaTajlM3aTOPOB C Pa3BUTOW MOBEPXHOCTHIO Ha
OCHOBE OKCHJIOB CO CTPYKTypoW mepoBckuTa. IlepoBckuThbl, Onaropaps BO3MOXKHOCTH THOKOTO BapbHPOBaHHUS
XUMHYCCKOI'O COCTaBa I103BOJISACT HOZ[O6paT]) ONTHUMAJbHBIM COCTaB KaTtajim3aTopa U MOBEPXHOCTU, BCICACTBUC €TI0
BO3MOXHO 3(1)(1)CKTI/IBHO BJIUATH HAa CCJICKTUBHOCTD I10 MPOAYKTaM.

IeporckuTononobubie okcuabl LaMeOs SBISAIOTCA OMHUMHU U3 HanboJjiee MEPCIEeKTUBHBIX KATalIU3aTOPOB IS
MHOTHX TIPOIIECCOB OKHCJICHUs, Ojarojmaps CBOCH BBICOKOM AaKTHBHOCTH B OKHUCIUTEIBHBIX PEaKIHAX U
CTaOWIIBHOCTH arpeccuBHOU cpexpe. s cHHTe3a MEepOBCKUTOMOMOOHBIX OKCHAOB HAHOOJbIIEE PACIpPOCTPOHECHUE
nosy4yust Metol [lekurn (MOTOJ] MOJIMMEPHBIX KOMIUIEKCOB) M €T0 YIPANIeHHBI BapHaHT — IUTPATHBIA MeToa. B
9TOW cTaThe OBUIO CHHTE3UPOBAHO IIEPOBCKUTONMONOOHBIN cioxkHb okcun LaCoOs; aByMs crmocobamu:
THIPOTEPMAIIbHBIM, C MPUMEHEHHEM OTWICHIJIMKOS, W LUTPATHBIM CIIOCOOOM C BHECEHHEM TeMmIlata —
Me3onopuctoro kpemuezéma KIT-6. CTpyKTypbl HOIyYeHHBIX 0oO0pasmoB Obuio ompeneneHo PDA meromom. B
pe3yJbrare ObLIO YCTAHOBJICHO, YTO KATAIU3aTOPbl MMEIOT IEPOBCKUTHYIO CTPYKTYPY.

Cornacao nanusiM PDA monydenHbie o0pasisl npencrasieHbl ¢as3oii neposckuta LaCoOs (JCDD PDF2 00-
025-1060) ¢ Brmroyenuem ¢assl Co304 (JCDD PDF2 00-009-0418) u HeOosbiroit mpumechio (asbr LaOs
(JCDDPDEF2 00-022-0641).
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Pesynbrathl POA aHanm3a Moka3blBalOT, YTO IMOJy4YeHHbIE 00pa3ilbl IpeicTaBieHbl (a3oil MepOBCKUTA.
[TomyyeHHBIE KaTadH3aTOPHI CO CTPYKTYPOH MEPOBCKHUTA MPEICTABISAIOT OONBHION HWHTEpec B cuHTe3e Duimepa-
Tpomnma. Tak kak, IEPOBCKHUTHI, O1arofapsi BO3MOXKHOCTH THOKOTO BapbUPOBAHUS XUMHUYECKOTO COCTaBa MO3BOJIAET
nozno6paT1) ONTUMAIBHBIM COCTaB U IMOBEPXHOCTU KaTajnu3aropa, BCICACTBUE YETO BO3MOXKHO B(b(l)eKTI/IBHO BIIUATH
Ha CEJIEKTUBHOCTh. B cBs3u ¢ 3TuM mnonydeHHble Co- colepiKallue KaTalu3aTopbl CO CTPYKTYPOW NMEPOBCKHUTA B
OyIylieM IUTAHUPYETCsS HWCCIEAOBATh JIPYTUMHU (PU3UKO-XUMHUYESCKHIMU METOJaMH M PAacCMOTPETh BO3MOXKHOCTh
KCIO0JIb30BaHUA B cuHTe3e Puiepa-Tpornma.

Kuarouessie cioBa: LaCoOs, neposckut, KIT-6.
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