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[ Clarivate
Analytics

NAS RK is 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.

Kasakcma+ Pecnybnukacbl YnmmblK fbiibiM  akademusicel «KP  ¥FA
Xabapnapbl. XuMusi )XeHe mexHO02usi CEPUSIChI» FbINbIMU XYypHarbiHbiH Web
of Science-miH xaHanaHfaH Hyckacbl Emerging Sources Citation Index-me
uHOekcmeryee KabbindaHraHblH xabapnaldel. byn uHdekcmeny bapbicbiHOa
Clarivate Analytics komnaHusickl XypHarndbl o0aH api the Science Citation Index
Expanded, the Social Sciences Citation Index xxeHe the Arts & Humanities Citation
Index-ke Kabbinday macerneciH kKapacmbipyda. Webof Science sepmmeywinep,
asmopnap, 6acnawbiiap MeH MeKemernepee KOHmMeHm mepeHOiei MeH
canacbiH ycbiHaobl. KP YFA Xabapnapbl. XUMUS )XOHE MEXHO/I02UsT Cepusicbl
Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH €H 63eKmi
JKoHe bedendi xumusinbiK FolribiMOap bolbiHWa KOHMeHmMkKe adarnobifbiMbi30bi
6indipedi.

HAH PK coobwaem, ymo Hay4Hbil xypHan «3eecmuss HAH PK. Cepusi
XUMUU U mexHosioauliy 6bi npuHsm 0ns uHdekcuposaHusi 8 Emerging Sources
Citation Index, obHoeneHHou eepcuu Web of Science CodepxxaHue 8 3mom
UHOeKcuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komnaHuel Clarivate
Analytics Onsi OanbHelweao npuHIMuUs XypHana e the Science Citation
Index Expanded, the Socia1 Sciences Citation Index u the Arts & Humanities
Citation Index. Web of Science npednazaem kayecmeo 8 251ybuHy KOHmeHma
ona uccrnedosamernel, asmopos, uisdamesnel u y4pexoeHul. BkroveHue
Uzeecmusi HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawy
MpusepPXeHHOCMb K Haubornee akmyanbHOMY U 6/1USIMENIbHOMY KOHMEHMY o
XUMUYECKUM Haykam 0rs1 Hawezo coobuecmea.
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SYNTHESIS AND STUDY OF STRUCTURAL, TEXTURAL AND
MORPHOLOGICAL FEATURES OF CATALYSTS FOR STEAM
REFORMING OF ETHANOLBASED ON PEROVSKITE -LIKE

FERRITES

Abstract. Oxides of the perovskite structure have been known for a long time
and are widely used in catalysis due to a unique set of physicochemical properties.
Nowadays, there are a large number of perovskite-type oxide compounds, which
have a wide range of applications including catalysis in many reactions due to
their nanostructure, hypersensitivity and stability in real operation conditions

In this study, influence of the preparation methods on the structural, textural
and morphological properties of the catalyst’s precursors have been investigated.
Perovskites LnFe Ni ,O,(Ln= Pr, La) were synthesized by the methods of
Pechini (polymerized precursors method) and sol-gel method using mesoporous
silica KIT-6 as a template. The prepared catalysts precursors were characterized
by N, adsorption/desorption isotherms (BET), X-ray diffraction (XRD) and
transmission electron microscopy (TEM) techniques. The N, adsorption/
desorption isotherms results showed that perovskites prepared by the sol-
gel method have a maximum specific surface areas compared withcatalysts
synthesized by the Pechini method. XRD patterns of catalysts confirmed
thatPrFe Ni ,O,catalysts have a perovskite structure with a small admixture of
PrO,phase,while diffraction patterns of two LaFe Ni ,O,samples correspond
to the perovskiteorthorhombic structure. HR TEM results for samples prepared
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by Pechinimethod showed spatially uniform cations distribution in the particles
which is typical for perovskites prepared via this route.In samples obtained by
sol-gel method, a high concentration of silica was detected, which may affect
their catalytic properties.

Key words: perovskite, bulk catalyst, biomass, Pechini method, sol-gel method.

H.K. Torenona!, B.K. Macaaumona!”, B.A. Cagpixos?, I'K. Maruuszosa'

'M.X. dynatu ateiaaarel Tapas eHipinik yHuBepcuteTi, Tapas, KazakcraH;
’bopeckoB aTbiHAarel KaTaan3 HHCTUTYTBHIHBIH (eIepaiblK 3epTTey
opransirbl, HoBocubupck Pecetii.

E-mail: massalimovalS@mail.ru

STAHOJIJIBIH BY AHHAJIBIMBIHA KAJKETTI HEPOBCKUT
KYPBLIBIM/IbI ®EPPUTTEP HETI3THJIETT KATAJTA3ATOPIAPIBI
CHUHTE3/EY KOHE KYPBLJIBIM/BIK, TEKCTYPAJIBIK,
MOP®OJIOTUSJILIK KACUETTEPIH 3EPTTEY

AnHoTanusi. [IepoBCKUT KYpBUIBIMIIBI OKCUATEpP OYpbIHHAH OCNTii KoHE
(bU3MKa-XUMISUTBIK KaCHETTEPiHIH €peKIle >KUBIHTHIFbIHA OalIaHbICThI KaTa-
nu3zie KeHiHeH Konaanbuiaael. Kasipri Tanaa, mepoBCKUT THUITI OKCUATEP KOCHI-
JIBICTAPBIHBIH CaHBI KOTI OOJTFaHIBIKTaH, OJap/IbIH KOJIJAHBLTY asChl KeH, (pr3HuKo-
XUMUSIBIK KAaCHUETTEpiHE JKOHE HAHOKYPBUIBIMABI, CE31IMTAJIbIFBIHBIH KOFa-
PBUIBIFBIHA, TYPAKTHUIBIFBIHBIH Y3aKThIFbl CUSKThI KaOlaeTTepiHe OaillaHbICThI
KONTETeH peaknusIapaa KaTaau3aTop peTiHae KeHIHeH KOIIaHbIUIa Ibl.

byn >xympicTa MEpPOBCKUT Topi3li (peppUTTEpre HEri3fenreH Karaanu3aTop-
JapAbIH KYPBUIBIMABIK, TEKCTYPAJIBIK JKOHE MOP(OIOTHSIIBIK KacHETTEpiHe
CUHTE3/IeY SMiCTepiHin ocepi 3eprrenai. XKanmer dpopmynacer LnFe Ni O,
(Ln= Pr, La) 6onareia [lekuan (moauMepiIeHIeH TpeKypcopiap dJici) sKoHe
temmianT petinae KIT-6 me3onopibel KpeMHe3eMIl KOJIJaHa OTBIPBII 30J1b-
renb dnicrepimMen cunresneni. Karanusaropaap N, n30TepMUsIIbIK aacopouust/
necopomusi uzorepmanapsl (6OT),pertren dpazanbik POA xoHE TpaHCMUCCHUSITBIK
AMEKTPOHIBI MUKpOcKom (TOM) omicTepiMeH 3epTTenai. 3epTTey HOTHXKeNIepl
301 Tellb QJIICIMEH allbIHFaH MEePOBCKUTTEPAIH [IeKHMHM 9iCIMEH CHHTE3eNTeH
KaTaJln3aTopiapMeH CalbICThIPFaHa MEHIIIKTIK OeTiHIH >KOFapbl OOJATBIHBIH
kepcerri. PrFe Ni O, karanusarop yiriiepinin auppoKTarpaMmachinia
PrO, dasacwiHbIH a3 Kocmackl 6ap, IMEPOBCKUT KYPBUIBIMIBI €KEHIH pacTapl,
an LaFe  Ni ,O, Kypamapl €Ki YIriHiH AM(QPaKIMAIBIK YITiCI TEPOBCKUTTIH
OpPTOPOMOMSUTBIK KYpPBUIBIMBIHA coiikec kenemi. [IOM wnotmkenepi Ilekunu
OMICIMEH aNbIHFaH YJTUIepJe MEPOBCKUTTEPIiH KaTHOHIBIK Kypambl KEHIC-
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TIKTIK OIpTEeKTI TapajfaHblH KepceTTi, Oy [lekuHu oniciMeH ajfaH NepoB-
CKHTTEpIe TOH. 30J1b- T€JI 9/IICIMEH aJbIHFaH YATUIepAe KPEeMHE3EMHIH KOFaphl
KOHIEHTPAIMSICHl aHBIKTANABI, Oy Pr KypambIHIarsl MEpOBCKUTTEPAIH Kara-
JTUTHUKAJBIK KACUETTEPIHE dCeP €Tyl MYMKIH.

Tyiiin ce3mep: [lepoBCcKkUT, MacCHBTI KaTtanuzarop, ouomacca, [lekunu amici,
3oib-ren ofici.
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CUHTE3 1 UBYUYEHME CTPYKTYPHBIX, TEKCTYPHBIX,
MOP®OJIOTMYECKHUX CBOMCTB KATAJIM3ATOPOB HA
OCHOBE IIEPOBCKUTONOAOBHbBIX ®EPPUTOB JIsA
ITAPOBOI'O PUPOPMUHTA 3TAHOJIA

AnHoTanms. OKCH/IbI IEPOBCKUTOBOM CTPYKTYPBI U3BECTHBI JABHO U IITUPOKO
UCTIONB3YIOTCS B KaTayin3e O1arogapsl yHUKaJIbHOMY HAa00py QU3HKO-XUMHUECKUX
CBOMCTB. B HacTosimiee Bpemsi, ITOCKOJIBKY CYIIECTBYET OOJIBIIOE KOJTHMYECTBO CO-
€IMHEHUI OKCHJIOB NEPOBCKUTOBOTO THIA, OHUMMEIOT IIUPOKHUNA CHEKTp NpUMe-
HEHWSI, IHPOKO UCTIONB3YIOTCS B KA4ECTBE KATAIM3aTOPOB BOMHOTHX PEAKIUIX
n3-3a UX (U3UKO-XUMHUUECKUX CBOMCTB M HAHOCTPYKTYPHUPOBAHHBIX, MTOBBIIICH-
HOM YyBCTBUTEIIBHOCTH, TAKMUX CIOCOOHOCTEH, KaK JUTUTEIbHOCTh CTAOMIIBHOCTH.

B nanno#t pabote uccienoBaHO BIMSHUE CIIOCOOOB NMPUTOTOBJIECHUS Hac-
TPYKTYPHO-TEKCTYPHbIE U MOpP(OJIOrMYECKUE CBOMCTB IpeIIIeCTBEHHUKOB
Karausaropa. [leposckutst ¢ obmeit popmynoit LnFey Nij ;O (Ln=Pr, La) 6buin
CHUHTE3UpOBaHbl MeToiaMu [lekuHu (MeTo1 MOIMMEPU30BAHHBIX PEKYPCOPOB)
U 30Jb-T€JIb METOJAOM C UCIOJb30BaHUEM Me3onopucToro kpemueszema KIT-6
B KadecTBe TeMmIuiaTa. [IpUroToBIEHHBIE MPENIIECTBEHHUKH KaTaln3aTopoB
ObUIM  OXapaKTEPHU30BaHbI METOJAMHM M30TE€PM ancopOuuu/mecopouun N,
(B3OT), penrrenosckoii nudpaknueii (POA)M npocBeUnBaroONIel IEKTPOHHON
mukpockonuu (II9M). Pesynsrare u3otepm ancopouun/necopouuu N, okasau,
YTO TEPOBCKUTHI, TMONyYEHHBIE 30JIb-T€Jh METOJOM, UMEIOT MaKCHMAaIbHYIO
YAETBHYIO TOBEPXHOCTH M0 CPABHEHUIO € KaTaIU3aTOPaMU, CHHTE3UPOBAHHBIMU
MmetoznoM Ilexunu. JludpakrorpaMmsl KaTtanau3aTopoB NOATBEPIMIN, YTO KaTa-
mazaropbl PrFe Ni (O, MMEIOT NEPOBCKUTHYIO CTPYKTYPY € HEOONBIIOH IIpH-
mecpio (asel PrO, nns Pr conepxammx obpasuos, a audpakrorpaMma JIByx
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obpasnos cocrasa LaFe  Ni ,O,cO0TBETCTBYET OPTOPOMOMYECKOH CTPYKTYpeE
nepoBckuta. PesynpratoB [I19M BP ¢ snemeHTHBIM aHanmm3oM ajis oOpaslioB,
IIPUTOTOBJIEHHBIX MeToAoM IlekuHM, Moka3anau, YTO MX KaTHOHHBIM cocCTaB
IIPOCTPAHCTBEHHO OJHOPOJZEH, YTO TUIIMYHO Ul IIEPOBCKUTOB, CUHTE3UPOBaH-
HbI€ JJaHHBIM MeTo/oM. B 00pa3siax, moixy4eHHbIX 30Jb-T€lIb METOAOM, OOHa-
pyXeHa BBICOKas KOHLEHTpaLUs KPEMHE3eMa, 4YTO MOXKET BIMITh Ha Kara-
JIUTUYECKHUE CBOMCTBA IIEPOBCKUTOB.

KiroueBble ciioBa: [IepoBCKUT, MAaCCUBHBIN KaTanu3aTop, Omomacca, MeTox
Ilexunu, 301b-r€1b METOLL.

Introduction. Nowadays, energy crisis and environmental problems are two
difficult problems in current world. Hydrogen energy attracts much attention
because it is a clean, abundantly available and high energy content source. (S.
Ogo, 2020 a: 199) Hydrogen can be produced from different resources, such
as natural gas, coal, methane, and so on. Among the sources, ethanol is a good
candidate for several reasons (Atta, 2016 a: 108): easily stored, safely handled,
non-toxic, renewable and easily steam reformed intohydrogen-rich mixture.
The active catalysts for ethanol steam reforming (ESR) are usually based on
supported noble (Pt, Ru, Rh, Pd) [(Gonzalez, 2013: 38.; Huang, 2018).] and
transition metals (Ni, Co) (Phung L., 2015: 77.; Menegazzo, 2017). The main
problem of ESR, especially in the case of Ni-containing catalysts, is their coking
leading to deactivation (Alejandra, 2019: 8). The use of perovskite-like oxides
ABQO, as catalysts is an attractive approach to minimize the coke deposition on
catalysts. Oxides, such as perovskite, include many mixed oxides in which metal
cations satisfying the conditions of electron neutralization (total charge +6) and
certain stereo ratios can be used as A and B cations.

“A” cations usually have ionic radii close to that of oxygen and can be rare (La,
Pr, Sm, Ce), alkaline earth (Ca, Mg, Ba, Sr) or alkaline (Na, K) metals. Cations in
the “B” position should have a much smaller ionic radius, and in this case many
transition metals (Naurzkulova, 2021: 19) (Fe, Ni, Co, Cu, Ti, Cr, Ru, Mn, etc.)
can be used. Bulk catalysts based on Ni-doped ferrites of rare-earth metals of
the perovskite structure provide a high activity and coking stability in reactions
of biomass conversioninto synthesis gas (Sadykov, 2013: 2; Royer, 2014).

Thus, in our work we have synthesizedcatalysts based on perovskite-like
ferrites for ESRand studiedinfluence of the preparation methodsand the chemical
composition onthe structural, textural and morphologyfeatures (Taran, 2013: 26).

Research materials and methods. Catalysts preparation. Perovskites
with the general formula LnFe Ni ,O,(Ln= Pr, La) were synthesized by the
polymerized precursors method (Pechini) and sol-gel method using mesoporous
silica KIT-6 as a template.
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The Pechinimethod (Patent 3 330 697, 1967) was performed using metal
(Me) nitrates, citric acid (CA), ethylene glycol (EG) and ethylenediamine (ED)
as reagents. The actual molar masses of nitrates were determined by thermal
analysis. Ethylene glycol and citric acid were used as complexing agents. The
reagents were used in molar ratios CA:EG:Zv (metals) = 3,75:11,25:1. Citric
acid was dissolved in ethylene glycol with intensive stirring and weak heating
(60-80°C). With intensive stirring, the required amount of metal nitrate crystal
ohydrates was added to the solution cooled to room temperature. They were kept
stirring for the required time (~ 2 hours) until they entered a state of complete
homogenization. The resulting mixture was evaporated under stirring until a
thick polymer was obtained, heated in a muffle furnace to a temperature of 700
or 900 ° C for 5 hours.

In the proceduresof perovskites preparationby the sol-gel method (Livage,
1998: 41) 6 g of mesoporous silicon oxide KIT-6 (Tuysuz, 2009: 109) was
dispersed in 60 ml of distilled water during 1 hour. In a separate bowl, 23.5 g
of citric acid with 40 ml of ethanol at a temperature of 60°C was stirred until
dissolved. Then necessary amount of crystalline metal salts were added and
stirred until dissolved. Then two liquids were mixed and continuously stirred
at 75°C until a thick gel was formed. The ready gel was dried at a temperature
of 90°C for 12 hours and the solid substance was crushed. After grinding, the
resulting powder was heated to 500°C for 2 hours, and then heated at 700°C for
4 hours. Then, the main amount of KIT-6 silica was removed from the sample
by dissolving it in 500 ml of 7% NaOH solution at 75°C for 15 min. Then the
sample was filtered, washed on a paper filter with 8 L of distilled water at a
temperature of 80°C, and dried at 90°C for 30 minutes under an infrared lamp.

Characterization of the catalysts. The specific pore volume of all samples
was determined by the Brunauer-Emmet-Teller (BET) method using an
automated volumetric Sorbi-M adsorption unit.

Diffraction patternswere obtained using a Bruker Advance D8 diffractometer
with CuKoradiation (1.5418 A). Scanning was performed in the range of
angles 10°-85° (20) with a scanning step of 0.05° (260). The diffractograms
were processed using the EVA program included in the diffractometer software
package identification of the obtained phasesand quantitative calculations were
received using the ICDD radiographic data file.

High-angle annular dark-field scanning transmission electron microscopy
(HAADF-STEM) and high-resolution transmission electron microscopy
(HRTEM) images of as-prepared samples were obtained with a JEM-2200FS
transmission electron microscope (JEOL Ltd., Japan, accelerationvoltage
200 kV, lattice resolution 1 A) equipped with a Cs-corrector and an EDX
spectrometer (JEOL Ltd., Japan). The minimum spot diameter for the step-by-
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step line or mapping elemental EDX analysis was ~1 nm with a step of about 1.5
nm. Identification of the obtained phases and quantitative calculations were done
using the ICDD database

Results. Textural and structural features. To analyze the composition and
structure of synthesized perovskite catalysts and prepare samples for physico-
chemical researches, samples were placed in a mold on a CARVER laboratory
press and brought into the pellet form.

The true and bulk density of the received pellets was measured. The true
density was calculated according to the formulas p=% and the bulk density

according to the formulas: _
mair

. p= mair-mwater
wherep- bulk density of samples;-mass of ; -mass of water.

All samples in the form of pellets were measured at a catalyst fraction of
0.25-0.5 mm.

Table 1. Specific surface area and bulk, true density of samples

Name Synthesis method S,» m%/g P> &em’ P, gem’
PrFe, Ni O, Pechini 11 1.482 6.31
LaFe Ni O, Pechini 18 1.631 6.208
PrFe  Ni O, Sol-gel 109 1.304 4.720
LaFe, Ni O, Sol-gel 114.5 1.316 5.677

From the results presented in the Table 1, it can be seen that the perovskite-
containing catalyst LaFe  Ni O prepared by the sol-gel method showed a
maximum specific surface area of 114.5 m*g.The catalysts of the perovskite
structure synthesized by the Pechini method havemuch lower specific surface
areas 11 m*g and 18 m?/g, which is typical for bulk perovskites of a variety of
compositions [10].

The XRD patterns of samples are shown in Figure 1.

Figure 1. Diffractionpatterns of LaFe, Ni ,O,samples.

Black line-sol sol-gel method, red line -Pechini method
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The diffraction pattern of both LaFe Ni ,O,samples corresponds to the
perovskite orthorhombic Pnmastructure [PDF 01-088-0639]. In Figure 1, the
phase is marked with a bar diagram. The sample is single-phase, no extraneous
phases have been identified.

E g E 8 B EE
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g

Lin (Counts)
E ]

Figure 2. Diffraction patterns of PrFe _Ni ,O,samples.
Black line-sol-gel method, red line - Pechini method., blue stroke - PrO,

In the patterns of PrFe  Ni ,O,samples, in addition to the main orthorhombic
(Pnma) perovskitephase of PrFe Ni .O,, a blurred reflex of 28.4° 20 is
observed, corresponding to the strongest reflex of the cubic phase PrO,; (F -, )
[PDF 03-065-0325].The parameters of crystal lattices of perovskite phases and
praseodymium oxide were refined for the studied samples. The sizes of coherent
scattering regions (D) are calculated (Table 2).

Table2. Parameters of crystal lattices of perovskite phases (a, b, ¢, A),
praseodymium oxide (a, A) and coherent scattering regions dimensions (nm).

Samples Synthesismethod | a,A b, A c,A D,nm |a, A PrO, ;| D,nm PrO,
LaFe, Ni, 0., | sol-gel 5.511(1) | 7.8103) | 5.541(4) | 483 |- :
LaFe, Ni, 0, , | Pechini 5.510(0) | 7.805(8) | 5.541(4) | 48.9 |- -
PrFe, Ni, O, , | sol-gel 5.539(2) |7.759(1) | 5.473(8) | 49.7 |5.39 1.5
PrFe, Ni, O, | Pechini 5.538(7) | 7.758(3) | 5.475(3) | 47.4 |5.42 8.5

HR TEMfor samples prepared by Pechini route. As follows from Fig. 3
for both samples primary particles with sizes ~ 50 nm are rather well crystallized
and stacked into aggregates which agrees with XRD data. Contrast variation
observed in nanoparticles is due to strains or some local variation of the
oxygen content in the lattice. According to the EDX data in Table3 the cationic
composition of perovskites is spatially uniform which is typical for perovskites
prepared by Pechini route.
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a ‘ b
Figure 3. HRTEM (a, b) and STEM (b) images of LaFe, Ni .O.1(a.b.c) and
PrFe . Ni, ,0,2(a.b.c) sample prepared by Pechini route.

Table 3. EDX analysis of the spatial variation of the elemental compositions
of LaFe Ni ,O, and PrFe  Ni ,O, samples prepared by Pechini route. 1-5 -
numbers of analysis zones.

Atomic%
LaFe, Ni O,

Element 1 2 3 4 5
Fe 38.61 39.43 38.57 40.02 40.46
Ni 17.88 17.93 18.51 17.55 17.27
La 43.5 42.64 42.92 42.42 42.27

PrFe, Ni, O,
Fe 36,.5 36.29 36.46 36.6 35.82
Ni 15.79 16.12 16.26 16.29 17.15
Pr 47.46 47.59 47.28 47.11 47.03

HR TEM for samples prepared by sol-gel route with template. For
these samples the structure of the primary particles is apparently much more
disordered (Figs. 4(1b) and 4(2b). They are stacked into aggregates of different
size and porosity (Figs. 4 (1,2) (a,b)). As follows from EDX data (Table 4)
spatial variation of elements concentrations is very strong, including remaining
Si cations not removed by alkaline etching. Silica concentration is the highest
for Pr-containing perovskite. Apparently, these features could affect catalytic
properties of perovskites, so alkaline etching procedure is to be further optimized.
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1

Figure 4. STEM (a) and HRTEM (b, ¢) images of LaFe ,Ni ,0,/Si0,1(a.b.c) and

0373

PrFe, Ni ,0,/Si0O, 2(a.b.c) samples prepared by sol-gel route with KIT-6 template.

Table 4. EDX analysis of the spatial variation of the elemental compositions
of PrFe _Ni ,O,and PrFe .Ni O, samples prepared by sol-gel route with KIT-
6 template. 1-4 —numbers of analysis zones.

Atomic%
LaFe Ni O,

Element 1 2 3 4
Si 6.47 15.75 3.24 15.75
Fe 37.37 32.66 37.81 32.66
Ni 15.92 14.27 16.07 14.27
La 40.24 37.32 42.88 37.32

PrFe Ni .O,
Si 12.59 10.39 29.54 25.77
Fe 31.42 32.7 29.45 27.7
Ni 12.41 12.6 9.17 11.16
Pr 43.58 44.32 31.84 35.38

Conclusion. Perovskite catalysts precursors were synthesized by the method
of Pechini and sol-gel method using mesoporous silica KIT-6 as a temp-
late. The influence of the chemical composition and synthesis methods on
the structural, textural and morphologicalproperties of catalysts were studied
by X-ray diffraction, Brunauer-Emmet-Teller (BET), HR TEMmethods.
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PerovskitesLnFe Ni ,O,(Ln= Pr, La) obtained by sol-gel method presented a
higherspecific surface areathan Pechinimethod. In heterogeneous catalysis, the
value of the specific surface of the catalyst is important. However, HR TEM
imagesand EDX analysis of samples prepared bysol-gelusing mesoporous silica
KIT-6 as a templateshowed a high concentration of silica, which may have a
negative affect on the catalytic properties of perovskites. Therefore, the method
of obtaining perovskites by the sol-gel using mesoporous silica KIT-6 as a
template method should be optimized.
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NMAMATU YYEHbIX

NAMATU
JNIENECOBA KAMBAPA
KA3SbIMOBUYA

Ee3BpeMeHHo yIIed U3 JKU3HU M3BECTHBIM YYCHBIN-3IEKTPOXUMHK,
KaHAMIAT XUMHYeCKuX Hayk, npodeccop JlemecoB Kambap KazpimoBuu.
bonbmiasg yacte €ro HayyHOW NEATENBHOCTM IIpouula B creHax MHcruryra
OpraHMYeCcKoro Karanusa u anekrpoxumuu um. /1.B. Coxonbckoro.

Kamb6ap KazsiMoBuu pomuics B 1947 r. B AkTroOuHCKoi obmactu. B 1971 r,
[0CJIe OKOHYAHUS HHXEHEPHO-(PU3UKO-XMMHUYECKOT0 (haKyinbTeTa MOCKOBCKOTO
XUMHUKO-TEXHOJIOTYecKoM uHctutyra um. .M. MeHnneneeBa, moctynuia B
acnupaHTypy WHcTuTyTa oOpraHMuYeckoro karaiausa u snexkrpoxumun AH
KazCCP mo cmenmambHOCTH «TeOpeTHYecKas 3Jekrpoxumusi». B 1975 T
3alUTII KaHAWJATCKY0 auccepranmio o teme «lccnenoBaHue KMHETUKU U
MEXaHN3Ma NOHM3alUU BUCMYTa, MEIXM U UHAMS Ha BPAIAIOIIEMCS JUCKOBOM
anektpoae ¢ koisiom». C 1974 no 1987 rr. paboran B MOKD AH Ka3zCCP
B JIOJDKHOCTHM MJIQJIIIETO, 3aT€M CTapllero HayyHoro corpyanuka. C 1987 mno
2007 r.r. — 3aBenytoutuii Jaboparopueit 3auThl MeTauIoB oT Koppo3uu MOKD
um. /[.B. Cokonbckoro (B 2001 . meperMeHoBaHa B J1a0OPaTOPHIO MPUKIATHON
ANEKTPOXUMHH U KOPPO3HH).

PesynerareinccnenoBannii K.K. JlenecoBaBo61acTH3MEKTPOXUMUN METAIIJIOB,
IIOJIyYE€HHBIE METOAOM JIHMCKOBOIO 3JIEKTPOAA C KOJIBLIOM, KJIACCUYECKOH H
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HECTallMOHAPHOU BOJIBTaMIIEPMETPHUH, IT03BOJIUIIN BBIIBUTH OCHOBHBIE 3aKOHO-
MEPHOCTH 00pa30BaHUS TPOMEKYTOUHBIX POYKTOB — MOHOB METAJJIOB HU3IIEH
BaJICHTHOCTU B Ipolleccax pas3psiia-MOHU3ALMU MOJUBAJICHTHBIX METAJJIOB U
YCTaHOBUTH MPOTEKAHUE CTAIUHHBIX SJIEKTPOAHBIX PEAKLUN C yYaCTHEM HOHOB
METaJJIOB IPOMEKYTOUHOI U HEOOBIYHOM BAJIGHTHOCTH B XMMHUECKHUX PEAKIUIX
JUCTIPONIOPIIMOHUPOBAHUS M PETTPONOPIIMOHUPOBAHUS, KOMIUIEKCOOOpa30BaHUS
B 3aBUCHMOCTH OT IPUPO/IbI METaJJIa U aHHOHOB PAacTBOPA, AKTUBHOCTHU BOJIbI B
JIEKTPOJIUTE.

WM BriepBbIe OBLIO MOKa3aHO U 00OCHOBAHO MPUMEHEHUE METO/1a TUCKOBOTO
3JIEKTPOJAa C KOJIBLIOM JUIsl MCCIIEOBaHUS KOMIUIEKCOOOpa30BaHMsI HOHOB
METaJIOB IIPOMEKYTOUHOM U BBICIIEH BaJIEHTHOCTU B PACTBOPAX.

K.K. JlenecoB sBsuICS BBICOKOKBATH(HUIIMPOBAHHBIM CIEIIUATUCTOM B
00JIaCTH MCCIICIOBAaHUA KUHETHKH U MEXaHHM3Ma JJICKTPOXUMHYECKUX U KOp-
PO3HOHHBIX MPOLECCOB METAIJIOB M Pa3pabOTKU METONOB 3allUThl OT KOp-
po3un. OH ObUT OTBETCTBEHHBIM MCIIOJIHUTENEM Hporpammsl «Pa3paborarhb
KOMIIO3UILIMOHHBIE (DeppUTHBIE AHTUKOPPO3HMOHHBIE MaTepUallbl HA OCHOBE MPO-
IYyKIIMM U BTOPUYHBIX pecypcoB mnpeanpusituii Kazaxcrana» 2003-2005 rr,
HMHHOBALIMOHHOM nIporpaMMbl « OpraHu3anus ONbITHOTO IPOU3BOJCTBA UMIIOPT-
3aMEeIAONINX CPEACTB AIEKTPOXMMHUYECKON 3alUThl CTAJbHBIX KOHCTPYKIIHIM
ot koppo3um» 2003-2005 T.r., psi1a X0310TOBOPHBIX padOT 1O KOPPO3HUH.

ITo pe3ynpraram uccieqoBaHUM pa3pabOTaHbl AHTUKOPPO3HMOHHBIE COCTABBI
JIAKOKPACOYHBIX MAaTEpUajioB C Pa3IMYHBIMU J100aBKaMH, MOBBILIAOIIME KOP-
PO3MOHHYIO CTOMKOCTb MOKPBITUH B BOJHO-COJIEBBIX U KHCIIBIX CPEAAX, KOTOPHIE
HaITM TPUMEHEHHUE TMPHU 3alIUTE BOJAOBOIOB B PA3IUYHBIX PETHOHAX.

Jlenecos K.K. — aBrop 6onee 300 HayuHbIX myOnukanuii, 1 MoHOrpaduu u 28
naTeHToB Ha n3o0perenus. Cpean ero yueHUKoB 8 kanaunaaroB Hayk ¥ 1 PhD.

[IpupoxxaeHHBIN TaJdaHT MCCIEAOBATENsl B COYETAHMM C HEHUCUEpIaeMou
TBOPUYECKOW HEPrueil 1 ryOoKo# Spyauiueii Onpeaenuin ero OoNbIIoN BKIa
B Pa3BUTHE XUMUYECKON HAYKH.

OH Bcerna ocTaHeTcsl JJi HAC TAJIAHTIIMBBIM YUYEHBIM, MYJIPbIM YUUTEIEM U
XOPOLIMM JIPYIOM.

Konnexkmus AO « Uncmumym monausa, Kamaauza u 31eKmpoxumun
um. /[.B. Coxonvckoeo» svipasicaem 2nybokoe cobonesHosanue
POOHBIM U ONUKUM.
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