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Bac penaxrop:
ZKYPBIHOB Mypar ’KypbIHYJIbI, XUMHS FBUIBIMIAPBIHEIH JOKTOPSL, podeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukacel ¥ ITTHIK FBUTBIM akaieMusichiHbIH npe3ueHTi, AK «J1.B. Cokonbckuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE dJICKTPOXMMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus aakachl:

OJJEKEHOB Cepra3bl MbIHxkacapyJibl (0ac pegakTOpIbIH OpbIHOACAPHI), XMMUS FHUIBIMAAPBIHBIH
JoKTopsI, mpodeccop, KP ¥FA akagemuri, « Dutoxumunsy XaablKapaiblK FHUTBIMH-OHIIPICTIK XOITUHTTHIH
mupekropsl (Kaparannsl, Kazakcran) H = 11

AI'ABEKOB Buaamumup EnoxoBuu (6ac pemaxtopiablH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsbl, npodeccop, berapycs YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
JupekTopsl (Munck, berapycs) H =13

CTPHAJ Mupocaas, npodeccop, Uexust FbUIBIM aKaJeMHUACHIHBIH ODKCHEPHUMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoyn, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUsI FEUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA axanemuri,
on-Dapadu areigarsl Kaz¥Y Y-npiy 6ipianm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynuBepcuteriniy ®Papmauesruxa ¢daxysnpreTiHin Papmakornosus
KadeapachHEIH MeHrepymrici, JKapaTbuibicTaHy FBUIBIMIAPBIHBIH TOHAPAIIK OPTAIBIFBIHBIH JAUPEKTOPEI
(Ceren, Benrpus) H =38

POCC Camup, PhD goxropbl, Muccucunu yHUBEpCHTETIHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirbel, @apmanust MekTebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Buranmii, punocodus mokropst (PhD, (apmanerr), Pequnr yHHBepCHTETIHIH
npodeccopsr (Penunr, Aurus) H = 40

TEJTAEB Barnar Bypxan6aiiyibl, TeXHHKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymeci, Kazakcran PecnyOmukacer WHaycTpust koHe HWH(PPAKYPBUIBIMIABIK —JaMy
munUcTpiiri (Anmarsl, Kasakcran) H =13

DAPYK Acana Jlap, Xamnap ans-Mamxnaa [IsFsic MeuniHa KoJulepKiHiH Ipodeccopsl, Xamaap
yauBepcureTiHig Lsirpic Mmequimnaa ¢akynereti (Kapaun, [Tokxicran) H =21

®DA3BIJIOB Cepik IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSICHl HHCTUTYTHI JUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabacaps! (Kaparannsl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHsS FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xwumust xoHe XUMMSUIBIK TeXHOJOTHS HMHCTHTYTHI (Bimikek,
Keipreizcran) H =4

XAJIMKOB [:xypadaii XaJuKoBHY, XUMUS FRUIBIMIAPBIHBIH JTOKTOPBL, podeccop, Taxikeran FA
axanemuri, B.M. Huxurun areranarst Xumust nHCTUTYTHI ([lymante, Toxikcran) H =6

DAP3AJIUEB Barug Merkuaoribl, XMMUs FBUIBIMAAPBIHBIH TOKTOPEL, Ipodeccop, ¥FA akagemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempaa, ¢umocodus nokropsr (PhD, xumus), Xanplkapalblk Ta3za jKOHE KOJIIaHOAIBI
XVMWUS OJJaFbIHBIH XVMUS KOHE KOopIllaraH opTa OemnimiHiH mpe3uneHTi (Jlornon, Aarmms) H = 15
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I'naBHbII penrakTop:
KYPUHOB Mypar KypuHoBHY, TOKTOp XMMHUYECKHX HayK, npodeccop, akagemuk HAH PK,
npe3uaeHT HarmonansHol akagemun Hayk Pecry6mmku Kazaxcran, renepansusiii fupexrop AO «HCTHTYT
TOIUIMBA, KaTanu3a u anekTpoxumun uM. /1.B. Cokonbckoro» (Anmarel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJJEKEHOB Cepra3pl MbIH:kacapoBH4 (3aMECTHUTENb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUECKUX
HayK, podeccop, akagemuk HAH PK, nupektop MexayHapoHOro Hay4HO-IPOU3BOCTBEHHOTO XOJIANHTA
«Dutoxumusi» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMecTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYECKHX
Hayk, mpodeccop, akanemuk HAH Benapycu, mouerHslit aupextop MHCTUTYTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocaas, npodeccop, 3aBenyromuii 1abopatopueli HHCTUTYyTa DKCIEPUMEHTAIBHON
6otanuku Yemickoii akaaemun Hayk (Onomoyt, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX HayK, mpogeccop, akagemuk HAH PK,
[lepgsrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [xynuT, 3aBenyromnii kapenpoit ®apmaxornozun dapmareBrHiyeckoro (akymbrera
Vausepcurera Cerena, aupekTop MeXIUCIUINIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, nokrop PhD, mpodeccop IIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
HCCIICJOBAaHUH PACTHTENBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop ¢unocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECCKHX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepcrBo Uunycrpuu u uabpactpykTypHoro pa3sutus Pecrnyonuku Kasaxcran (Anamarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop komtemka Bocrounodt memummuel Xampaapia ans-Makuza,
¢axynsreT BocTouHoit MenuuuHb! yHuBepeuteta Xamaapaa (Kapauu, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHo# pabote VHCcTHTYTA OpraHmdeckoro cuHTe3a U yrexumun (Kaparanna,
Kazaxcran) H=6

KOPOBEKOBA Ilapumna Kopo0exoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemuk HAH
Keipreserana, MactutyT Xumun u xumuaeckoit texnonorud HAH KP (bumkek, Keiprezeran) H = 4

XAJIMKOB [Ixypa6aii XaJaumkoBH4Y, IOKTOp XHMHYECKHX HayK, mpodeccop, axkazemuk AH
Tamxukucrana, Vuctutyt xumun nmenn B.W. Hukutuna AH PT (dynran6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua orisl, JOKTOp XHMHYECKHX HaykK, npodeccop, akanemunk HAHA
(baky, Aszepbaitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopuu (Ph.D, xumus), npesunent Otnena XUMUH M OKpY’Karomieit
cpens! MexXIyHapogHOTo Cor03a YHCTO! M npukiiagHoi xumun (Jlonnon, Anrms) H =15
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© B.K. Massalimova?, G.D. Jetpisbayeva'", E.V. Docuchits’, V.A. Sadykov?3, 2023
'M.Kh. Dulaty Taraz Region University, Taraz, Kazakhstan;
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OBTAINING A COMPLEX OXIDE WITH THE PEROVSKITE STRUCTURE
LaCoO, IN THE PRESENCE OF ORGANIC REDUCING AGENTS

Massalimova Bakytgul Kabykenovna — Professor at the Department of Chemistry and Chemical
Technology, M.Kozybayev North Kazakhstan University

E-mail: massalimoval 5@mail.ru. ORCID: 0000-0003-0135-9712;

Jetpisbayeva Gulim Danebaevna — Senior Lecturer of the Department of “Chemistry and Chemical
technology” of M.Kh.Dulaty Taraz Region University

E-mail: gulim_86@mail.ru. ORCID: 0000-0002-9417-3775;

Dokuchits Evgeny Vladimirovich — Researcher, Institute of Catalysis named after G. Boreskov.

E-mail: oschtan@catalysis.ru. ORCID: 0000-0001-9052-1413;

Sadykov Vladislav Aleksandrovich — doctor of chemical sciences, professor, Novosibirsk State
University, Institute of Catalysis named after G. Boreskov

E-mail: sadykov@catalysis.ru. ORCID: 0000-0003-2404-0325.

Abstract. The work is based on the preparation of perovskite structure catalysts in
the presence of organic reducing agents (monosaccharides). Currently, perovskite-like
complex oxides are considered promising catalysts for the Fischer-Tropsch synthesis due
to their activity, stability, selectivity, and low cost. Catalyst samples were obtained by
hydrothermal coprecipitation in the presence of a soft template. Because, soft templates
have broad prospects for use in the synthesis of nanomaterials due to their ease of use and
the absence of the need for special removal of the template. A physicochemical analysis
of the obtained catalyst samples was carried out, the results of which showed that the
catalyst samples have a perovskite structure and all reflections belong to LaCoO,, and
the 36.9° reflection belongs to Co,0,. In addition, the practical results obtained from
the chemical analysis of the sample showed that they are consistent with theoretical
calculations. As a result of thermal analysis, it was shown that in the precursor sample
at a temperature of 500-610°C, the destruction of residual hydroxyl groups occurs,
the decomposition of the precursor phase is completed, and the necessary perovskite
LaCoO, phase is formed. In conclusion, it was shown that Co-containing catalysts
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synthesized by co-precipitation in the presence of organic monosaccharides under mild
hydrothermal conditions have a perovskite structure.
Key words: Perovskite catalyst, monosaccharides

© B.K. Macaaumosa!, I.JI. :xkernuc6aesa”’, E.B. Jlokynuy® B.A. Caabikos’, 2023
M. KosbibaeB arbinaarel Contycrik Kasakcran ynuBepcurerti, Kazakcras;
*M.X. dynaru areianarsl Tapa3s eHipiik yHuBepcureti, Kasakcran;

‘T"K. bopeckoB arbiHnarsl Karanus nHctutyTh, Pecei.

E-mail: gulim_86@mail.ru

OPTAHUKAJIBIK TOTBIKTBIPFBIIITAP KATBICBIHJIA IEPOBCKUT
KYPBLIBIM/IbI KYPIEJI OKCHUJI LaCoO, AJTY

Annoramus. JKyMBIC OpraHUKagblK TOTBIKTBIPFBILTAP (MOHOCAaxapHITED)
KATBICBIHAA KYpPJei MEPOBCKUT KYPBUIBIMABI KaTajlu3aTopiapAbl alyFa HETi3JelreH.
Kazipri yakpiTTa mepoBCKHT Topizai Kypaeni okcuarep Pumep-Tpomm cuHTe3iHIH
MEPCIICKTUBAJIBl KaTaIM3aToOphl OOJIBINT caHalafpl, ce0edi oyapIbliH OeNICEeHIUTIrI,
TYPaKTBUIBIFBl, TalFaMIBUIBIFBl JKOHE KYHBIHBIH TeMeH Oonysl. Karanuzatop
ChlHAMajJapbl THUAPOTEPMAJbIbl JKaFdaiina, »KyMcak TEMIUIATThIH KaThICBIHAA
Oipre TyHAbIpy omiciMeH anbiHAbl. Cebebi, KyMcaKk TEMIUIATThl KOJJaHYIbIH
KapanaibIMIBUIBIFEIHA XKOHE TEMIUIATTHI YITIICH apHaibl >KOFOIBIH KaKETTUTITiHIH
OonmaybiHa OaillaHBICTBI TMEPOBCKUT KYPBUIBIMIBI MaTepHalAapAbl CHUHTE3ICYAe
KOJIIaHY/ABbIH KeH MEePCIeKTUBANapbIiHa He. AJBIHFaH KaTalnu3aTop YAriiepine Gpu3nKo-
XUMUSUIBIK TajAay Kacanisl. Tangay HOTHKeNepi KaTaau3arop YAriiepl mepoBCKUTTIK
KypbUIbIMFa M€ €KeHiH xoHe POT normwkenepingeri O6apisik peduekcrep LaCoO,-ke
KATATBIHJIBIFBIH, all 36,9° peduekci - Co,0, TuicTi ekenpirin kopcerTi. COHbIMEH KaTap
YJTiHI XUMUSUTBIK Tangay Ke3iHZe Je alblHFaH MPaKTHKAIBIK HOTHXKENep, TEOPHSUIBIK
eCenTeylIepMeH CoWKeC eKeHIIriH KepceTTi. TepMHUANBIK Tajnay HOTHXKECIHAEe
npekypcopislk yarige 500-610°C Temneparypana KalAblK TMAPOKCHI TONTAPHIHBIH
KOMBUTYBl KYPETIHAITIH, MPEKYpCOpibIK (a3aHblH BIABIPAYBl asKTaJbII >KOHE
kaxerti LaCoO, meposckut (hazacel TysineTinmirin kepcerrti. Kopeita kene xymcak
THOPOTEpPMANbl Karjaiiia OpraHUKadblK MOHOCAaXapuUATEpIiH KaThICBIHAA Oipre
TYHIBIPY 9AiciMeH cuHTe3aenin ajasiHFal Co-KypaMmaac Karajau3aTtopiap MepOBCKUTTIK
KYpBUTBIMFa € EKEeH/ITiH KOPCETTi.

Tyiiin ce3nep: [lepoBCKUT KypHIIBIMABI KaTalu3aTop, MOHOCAXapUATED
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MOJYYEHUE CJIOXKHOI'O OKCHUJIA CO CTPYKTYPOM NEPOBCKUTA
LACOO3 B ITPY CYTCTBUM OPTAHUYECKHUX BOCCTAHOBUTEJIEH

AHHoTamus. Pabora oCHOBaHa Ha TOJNYYCHUH KaTaJIM3aTOPOB IEPOBCKUTHOMN
CTPYKTYpbl B TPHUCYTCTBUM OPTraHWYECKHUX BOCTOHOBHUTENEH (MOHOcaxapuaoB). B
HaCTOHHIeeBpeMSIHepOBCKI/ITOHOIlO6HI)IeCJ'IO)KHBIGOKCI/IIH)IC‘II/ITaIOTCHHepCHeKTI/IBHI)IMI/I
Katanu3aropamu cuHTe3a Dumepa-Tpomnma u3-3a X aKTHBHOCTH, CTaOWILHOCTH,
CEJIEKTUBHOCTH M HU3KOH cTtomMocTH. OOpa3ibl KaTaau3aTopoB IOJNyYald METOIOM
THUAPOTEPMAJIBHOTO COOCAXKACHUSA B IMPUCYTCTBUM MATKOI'O TEMILIATa. HOTOMy qTO
MATKHUE TEMIUIAThl HMMEIOT INHUPOKUE TMCPCICKTUBBI I MNMPUMEHCHUSA B CHHTE3C
HaHOMAaTepuajaoB H3-3a IMPOCTOTHI UX HUCIIOJIB30BaHUA U OTCYTCTBUA HeO6XO)Z[I/IMOCTI/I
B CHCIHMAJLHOM YJAJICHUW TeMmiuiata. IIpoBefeH (U3MKO-XMMHUYESCKUN aHaJu3
MOJTYYEeHHBIX 00pAa3IoB KaTainu3aTopa, pe3ylbTaThl KOTOPOTO TOKA3alH, YTO 00pasibl
KaTanu3aropa UMEIOT CTPYKTYPY MEPOBCKUTA U Bee peduiekcel npunaiexar LaCoO,,
a pednexc 36,9° mpunamnexur Co,0,. Kpome TOro, mpakTHYeCKHE DPE3yJbTarThl,
MOJy4YeHHbIE TIPH XUMHYECKOM aHalln3e o0pasla, MoKa3alid, YTO OHH COINAcyIoTCs
C TEOpeTHYECKUMH pacueTaMHu. B pe3yinsraTre TEpMHUYECKOr0 aHainW3a IOKa3aHo,
9TO B 00pasie mpekypcopa mpu temmeparype S00-610°C mpoucxomut paspyuicHUE
OCTaTOYHBIX THUAPOKCWIBHBIX TPYI, 3aBepliaercss pacmaa ¢assl TpeKypcopa H
obpasyercs HeoOxomumas ¢asa mepoBckuta LaCoO,. B 3akmrodenue mnokasamo,
yro Co-cofiepkaliye KaTalu3aropbl, CHHTE3HMPOBAaHHBIE METOAOM COOCKICHUS B
NPUCYTCTBUU OPTaHUYECKUX MOHOCAXapUAOB B MATKUX FUAPOTEPMAIbHBIX YCIOBUAX,
HAMEIOT CTPYKTYpPY IEPOBCKUTA.

Ki1roueBble cjioBa: IEpOBCKUTHBIN KaTalln3aTop, MOHOCaXapH bl

Introduction

Complex oxides with the LaMeO3 perovskite structure are among the most popular
catalysts in liquid-phase oxidation processes due to their high activity in oxidation
reactions and stability in aggressive media (Sadykov et al., 2000). Therefore, a lot
of research are currently underway to study the possibility of using perovskite-like
oxides in catalytic oxidation processes (Zhang et.al., 2013). The catalytic versatility of
perovskite-like oxides is due to their high stability at high temperatures and aggressive
media, as well as the stabilization of transition metal cations at unusual oxidation states,
as well as the high oxygen mobility in the perovskite structure. That is why the study
and properties of the composition and use perovskite catalysts in the Fischer-Tropsch
synthesis becomes an urgent task.

Perovskite-like complex oxides obtained by various methods showed significant
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catalytic activity in many reactions: (Falcon et al., 2001; Lee et al., 2001; Rivas et
al., 2006). In these reactions, the catalytic properties of perovskites depend on the
phase and surface composition, structural defects, and the mobility of surface and bulk
oxygen. In this regard, of great interest is the study of composite catalysts with a special
microstructure, consisting of various perovskite-like phases.

Materials and basic methods

In this work, the goal was to obtain Co-containing catalysts with a perovskite type
structure by hydrothermal coprecipitation in the presence of a soft template. Because,
soft templates have broad prospects for use in the synthesis of nanomaterials due to their
ease of use and the absence of the need for special removal of the template (Rivas et al.,
2006). On the other hand, the operation of the soft template is based on the properties
of the micelle, which forms the boundary between the surfactant and the deposited
substance in the solvent medium. The most common representatives of soft templates
are surfactants, polymers, and monosaccharides. In these work used organic reducing
agents based on soft templates, D-glucose, D-fructose, D-galactose

Discussion

Samples were prepared using soft templates: D-glucose (LCO-Glucose), D-fructose
(LCO-Fructose) and D-galactose (LCO-Galactose). To do this, 0.03 mol of lanthanum
nitrate and 0.04 mol of cobalt nitrate were dissolved in 40 ml of water, then 0.027 mol
of the monosaccharide was added to the salt solution. Separately, 60 ml of 4 M sodium
hydroxide solution was prepared in a polypropylene beaker. Next, the salt solution with
a soft template was added dropwise to the sodium hydroxide solution. Then, 15 ml of
5.4 M nitric acid was added dropwise to the solution in the beaker, and the resulting
suspension was stirred on a magnetic stirrer for 2 hours. A polypropylene beaker with
a gel-like mixture was tightly closed with a lid and placed in an oven at 100°C for 24
hours. At the end of the synthesis, the brown suspension was washed with 2 liters of hot
water on a filter and dried under an infrared lamp. The resulting powders were calcined
in a muffle furnace at a temperature of 300°C for 3 hours, then at a temperature of 700°C
for 4 hours (Massalimova et.al., 2022).

]. The catalyst products formed as a result of calcination were finely ground on a
porcelain bowl. The heat treatment program was chosen based on the results of thermal
analysis, which showed that soft organic templates and their residues decompose at a
temperature of about 360°C.

The chemical analysis of the cation composition of the samples was carried out by
atomic emission spectroscopy (AES) on a Perkin Elmer Optima 4300 DV instrument.

Thermal analysis (TS) of dry samples was carried out in air and in a flow of a mixture
of'argon and hydrogen of 40 ml/min at a heating rate of 10 deg/min to determine the heat
treatment temperature. The study was carried out on a Netzsch STA-409 thermograph.

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

The studies were carried out by scanning with a step of 0.02—0.05 deg 26 and a
simultaneous accumulation time of 5 s at points, the accuracy of measuring the angle A6
=0.01 = 0.020, the interfacial distance Ad ~ 10-3 A.
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According to XRD data (Fig. 1), the obtained samples contain predominantly the
LaCoO, perovskite phase (JCDD PDF2 00-025-1060) with a small admixture of the
Co,0, phase (JCDD PDF2 00-009-0418).
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Fig. 1. Diffractograms of samples after heat treatment at 700°C.

Table 1 presents the chemical and phase composition of the catalyst samples. The
results of elemental analysis show that the amount of cobalt and lanthanum in the
calcined samples does not differ significantly from the theoretically calculated one.
Therefore, the difference between the theoretical and experimental composition of the
catalysts can be explained with losses in catalyst preparation.

Table 1. The chemical and phase composition of the samples

Chemical composition, % w Phase composition, % w
La Co LaCoO, Co.0,
LCO-Glucose 429 37.2 74,6 25,4
LCO-Galactose 43.0 32.9 79,2 20,8
LCO-Fructose 43.4 34.0 78,3 21,7

The heat treatment program was chosen based on the results of thermal analysis,
which showed that soft organic templates and their residues decompose at a temperature
of about 360°C. For this reason, the first stage of heat treatment was modified to avoid
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severe burning of the sample. On fig. 2 shows the thermal analysis curves of the new
precursor obtained in the presence of soft templates when heated to 900°C.
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Fig. 2. Thermal (DTA/TG) analysis of samples (in air). A) LCO-Glucose, B) LCO-Fructose

Thermal analysis of co-deposition samples in air is shown in Fig. 2. The main
difference between the models lies in the diversity of organic template destruction in

the case of hydrothermal synthesis.

At the stage up to 200°C, adsorbed and weakly bound water is destroyed; at 250°C,
part of the lanthanum cations passes into the LaOHCO, phase; At a temperature of 500
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610°C, the destruction of residual hydroxyl groups occurs, the decomposition of the
precursor phase is completed, and the necessary perovskite phase LaCoO, is formed.

The formation of a surface film of lanthanum oxycarbonate La 0,CO, is a
characteristic phenomenon of the synthesis of lanthanum-containing perovskites
in the presence of CO, or carbonates in the solid phase in the gas phase. This is due
to the presence of thermodynamically stable phases LaOHCO, up to 520°C and
La,0,CO, up to 900°C than La(OH),/LaOOH and La O, respectively. In this case, the
thermodynamically more favorable perovskite phase LaCoO, is formed in the bulk of
the sample particles. The minimum thermal effect is observed in the sample obtained
using fructose, which is explained by the small surface area and the small amount of the
La,0,CO, phase. This layer is formed during the decomposition of the LaOHCO3 phase
at 510°C, which is most likely formed in the starting compound during synthesis. In the
results of thermal analysis of samples obtained using glucose and fructose, there is no
stage of dehydration to Co(OH), oxide, and at temperatures of 300-400°C, a significant
weight loss is observed. During synthesis, the presence of an excess of NO* anions in
the solution should have ensured the complete destruction of the templates, but this did
not happen, which may be due to the strong binding of the template and its oxidation
products to metal cations. In addition, the spatial structure of the initial template and its
oxidation products can affect the arrangement of lanthanum and cobalt cations in the
precursor compound, as well as the textural characteristics of the synthesized samples.
The difference in temperature effects on glucose and fructose may be due to a short-term
violation of the homogenization of lanthanum and cobalt cations due to the difference
in precipitation in the precursor compounds, which leads to the formation of two phases
containing individual cobalt and lanthanum.

It should be noted that the obligatory condition for the formation of the perovskite
structure during the heat treatment of the precursor is the homogenization of the
precursor compounds. For this reason, as shown in the work, the preparation of
perovskites by precipitation of cations together with carbonates does not provide a
uniform distribution of cations in the initial compound. As a result of heat treatment of
the obtained precursor compound, a mixture of phases of perovskite LaCoO,, lanthanum
oxide La,03, lanthanum oxocarbonate La,0,CO,, and cobalt oxide Co,0, is formed. In
the case of a sample based on fructose, the assumption of the formation of two mixed
phases with cobalt and lanthanum, which is not visible in other samples, is confirmed
by the observation of the thermal effect of the decomposition of lanthanum carbonate
in this sample. Also, the formation of the perovskite structure in this sample requires
the highest temperature, ~580°C, which is associated with high energy consumption for
rearrangement of the crystal structure. On the contrary, no splitting of the homophase
is observed in the sample based on glucose: the formation of the LaCoO, perovskite
structure is completed in one stage at a temperature of 550°C:

12La0OH + 4C0,0, + O, — 12LaCo0, + 6H,0. (1)

For a sample based on fructose, two stages of formation of the perovskite structure
are observed. In addition, the second effect is associated with two processes:
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2LaOOH — La O, + H,0 [10], 2)
6La,0, +4Co0,0, +O, — 12LaCo0,. 3)
Conclusion

The analysis results showed that the catalyst samples have a perovskite structure and
all reflections belong to LaCoO,, and the 36.9° reflection belongs to Co,0,. In addition,
the practical results obtained from the chemical analysis of the sample showed that they
are consistent with theoretical calculations. As a result of thermal analysis, it was shown
that in the precursor sample at a temperature of 500-610°C, the destruction of residual
hydroxyl groups occurs, the decomposition of the precursor phase is completed, and
the necessary phase of LaCoO, perovskite is formed. In conclusion, it was shown that
Co-containing catalysts synthesized by co-precipitation in the presence of organic
monosaccharides under mild hydrothermal conditions have a perovskite structure.
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	Заключение
	В результате сравнительного количественного анализа состава пяти видов растений рода Atraphaxis (Atraphaxis virgata, Atraphaxis pyrifolia, Atraphaxis spinosa, Atraphaxis muschketowii. Atraphaxis pungens) в зависимости от места произрастания и периода ...
	Методом газожидкостной хроматографии было обнаружено по количественному содержанию 20 аминокислот, из которых 8 являются незаменимыми (треонин, валин, метионин, изолейцин, лейцин, фенилаланин, лизин, триптофан). Среди идентифицированных аминокислот бо...
	Массовою долю протеиногенных аминокислот в растительном сырье Atraphaxis (A.virgata, A. pyrifolia) анализировали на капиллярном электрофорезе, было обнаружено по количественному содержанию 13 аминокислот, из которых 7 являются незаменимыми (валин, лей...
	Результаты количественного исследования жирных кислот свидетельствуют об относительно высоком содержании, олеиновой, линолевой и пальмитиновой кислоты (C18:1, С18:2 и С16:0) в надземной части растений Atraphaxis, произрастающих в разных регионах Казах...
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