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Description of work. The thesis is dedicated to the development of catalysts synthesized by
solution combustion and impregnation methods for dry reforming of methane and reforming of
biogas into hydrogen-containing fuels.

Relevance of work. The combustion of fossil fuels generates most industrial heat. In recent
years, in order to reduce CO. emissions into the environment, the world community has been
advancing the decarbonization idea - restructuring the systems of energy and economy. It is already
possible to increase the efficiency of using new technologies to reduce emissions, but the existing
technology level does not allow to abandon the application of conventional energy sources.

As a result of the signing of the Paris Agreement by leading countries, the global economy
seeks to keep global warming within 2 degrees Celsius, for which it has formed a macrotrend for
decarbonization and, thereby, set a new trajectory for economic development. It is known that the
European Union intends to introduce the Euro-7 environmental standard for harmful emissions into
the atmosphere by 2025. This standard will lead to a ban on the sale, and, accordingly, on the
production of cars with internal combustion engines.

Hydrogen as a carrier of environmentally friendly energy will make it possible to most
rationally solve pressing environmental problems: reduce the amount of greenhouse gases, reduce
urban pollution and dependence on oil-based fuels. It became clear that we needed our own
production, our own developments, our own science. On May 27, 2020, the President of
Kazakhstan at a meeting of the National Council of Public Trust said that “it is necessary to direct
efforts and resources to such areas as green technologies, agro-industrial science, biomedical study,
energy efficiency and artificial intelligence”.

Waste-based technologies, in particular anaerobic digestion of various wastes such as
domestic sewage and landfill solid waste and animal manure, have played a substantial role in
recent decades in the production of methane-rich gas, commonly known as raw biogas.

Biogas contains mainly CHs and CO.. The concentration of other admixtures varies
depending on the raw material. After proper processing, biogas can be applied for the heat and
electricity production, as well as other energy applications.

However, there is growing interest in searching other applications for raw biogas. These
applications include: apply as a raw material for the obtaining environmentally friendly, sustainable
and alternative biofuels, as well as industrial important chemicals, for instance, synthesis gas
(CO+H>) via dry reforming processes, which has been extensively suggested because of the direct
use of both CH4 and CO.. Synthesis gas is a valuable source of organic synthesis, applied as an
initial material for the manufacture of ammonia, methanol, dimethyl ether, acetic acid, high
molecular weight alcohols and aldehydes, Fischer-Tropsch synthesis, oxo-synthesis and other large-
scale processes.

In this regard, this scientific work is important for environmental protection, the results of
which make it possible to reduce greenhouse gas emissions into the atmosphere and use them for
the synthesis of new generation fuels.

Goals and objectives of research. The goal of the work is to develop effective thermally
stable catalyst compositions for environmentally friendly dry reforming of methane and a model
mixture of biogas, to determine optimal reaction conditions, physicochemical characteristics of
catalysts using a complex of methods and to establish their relationship with catalytic features.



The main tasks allow reaching the goal:

- Preparation of catalysts using the conventional method of impregnation and modern method
of solution combustion, study and comparison of their features during the reforming process;

- Determination of optimal conditions for the reforming process by changing parameters
(content of the active phase and ratio of elements, temperature, feed gas ratio, space velocity),
which allows obtaining the highest product yield,;

- Studying the features of catalysts using a complex of physicochemical methods and
comparing them with the catalytic activity and stability results in a flowing regime;

- Study of activity and stability of catalysts in the catalytic reforming process;

- ldentification of the relationship between physicochemical and catalytic features of
catalysts.

Objects of research: carbon dioxide, methane, synthesis gas, catalysts prepared by incipient
wetness impregnation and solution combustion synthesis.

Subject of research: catalytic dry reforming of methane (catalytic conversion of biogas) to
obtain hydrogen-containing fuel mixtures.

Research methods. Tests were carried out on an automated fixed-bed installation on prepared
catalysts. Fresh catalysts were studied by temperature-programmed desorption by carbon dioxide
and ammonia (TPD), temperature-programmed reduction by hydrogen (TPR), only spent catalysts:
thermogravimetric analysis (TGA), temperature-programmed oxidation with oxygen (TPO), CHNS
analysis. A gas chromatograph (GC) was used to analyze the feed gas mixture and gaseous
products.

The main results of the research (proven scientific hypotheses and other conclusions that
are new knowledge) submitted for defense:

1. Catalysts with the optimal composition, prepared by the solution combustion method for
dry reforming of methane, as well as biogas reforming, demonstrated high activity, which was
achieved as a result of using the combustion method of the initial solution in the process of catalyst
synthesis, resulting in the production of highly dispersed materials and the formation of NiAl204
spinel for 15Ni-35Al, NisFe alloy and NiAl.O4 spinel for 15Ni-5Fe-30Al, perovskite CeAlOs for
15Ni-15Ce-20Al. It was shown that for the 15Ni-35Al and 15Ni-5Fe-30Al catalysts, the methane
conversion at 800 °C was 76.4% and 88%, and the CO. conversion was 95% and 94%, respectively.
The conversion values of both methane and CO> at 850°C for 15Ni-15Ce-20Al samples were 90%.

2. The SCS 15Ni-15Mg-20Al catalyst showed higher activity compared to the reduced sample
12 wt.% Ni-5.6 wt.% Mg/y-Al:O3 synthesized by impregnation method and having higher
dispersion, which is associated with a stronger interaction between the metal and the support, which
makes it difficult to reduce the catalyst.

3. The role of spinels and metallic nickel in catalysts prepared by the solution combustion
method, playing an important role in the formation of a certain type of coke, shown by the methods
of XRD, TPO, TGA and CHNS, was established. The active 15Ni-15Mg-20Al catalyst contains an
insignificant amount of filamentary carbon formed at 590°C with nickel particles at the ends. The
presence of this type of carbon does not reduce the activity of the developed catalysts.

4. No significant sintering was observed in the 15Ni-5Fe-30Al, 15Ni-15M-20Al (M = Ce, La,
Mn, Mg) and 12 wt.% Ni-5.6 wt.% Mg/y-AlOs catalysts during temperature cycling after the
temperature was returned back to 600°C, since the catalysts did not lose activity.

Scientific novelty. Active and thermally resistant catalysts with new compositions have
been developed, prepared by impregnation incipient wetness impregnation and solution combustion
synthesis, to produce synthesis gas from methane and CO, and a model mixture of biogas.

- For the first time, the stability of a 15Ni-15Mg-20Al catalyst has been established under
optimal conditions for a process prepared by solution combustion, which is the result of the
formation of not massive, but filamentary carbon with a reduced form of the active metal at the
ends.

- For the first time, it was found that a 15Ni-5Fe-30Al catalyst with 5% Fe, containing both
the NizFe alloy and NiAIl>O4 spinel, is significantly more active compared to samples with a higher



Fe/Ni ratio, for which the formation of inactive spinel was established FeAl.O4 and increase in
particle size.

- It has been established that the simultaneous presence of reduced Ni® and oxide forms of
metals (spinels, perovskites) is an important component of the stable operation of the catalysts
under study, associated with the activation of methane by nickel, as well as the inhibition of carbon
deposition and sintering of the sample with magnesium aluminate.

- It has been shown that the catalyst synthesis by the impregnation is inferior to the solution
combustion, in which higher raw material conversion and hydrogen yield values are obtained.

- For the first time, the presence of filamentary carbon in catalysts with active nickel
particles at the ends was demonstrated. The presence of such carbon did not reduce the activity of
the catalysts.

- The reaction conditions of dry reforming methane and biogas into hydrogen-containing
environmentally friendly fuel using the developed catalysts have been established.

- The composition of the developed catalyst is defended by 2 patents for an utility model of
the Republic of Kazakhstan.

Practical significance of the dissertation. Based on the analyses performed, thermally stable
catalysts were synthesized for the selective production of synthesis gas from methane and a model
mixture of biogas.

The development of new effective catalysts, as well as optimal technological conditions for
producing synthesis gas in the process of dry methane reforming and biogas reforming, is a
contribution to petrochemistry, as well as to fundamental catalysis. In addition, the practical
significance of the research results lies in the use of cheap catalysts without noble metals and
valuable synthetic carriers to produce environmentally friendly synthesis gas. It should be noted that
in comparison with traditional methods of preparing catalysts, which involve long-term preliminary
heat treatment (2 h drying and 5 h calcination), the process under study is much cheaper, which
leads to a reduction in energy consumption when preparing catalysts in just a few minutes without
the need for high-temperature processing.

Validity and reliability of results. The data obtained are reliable, since during the tests
multiple repetitions of sample analysis were carried out.

Connection of the topic with research work and state programs. The thesis work was
carried out within the framework of the following grant projects funded by the Ministry of
Education and Science of the Republic of Kazakhstan: AP08855562 “Development of fundamental
aspects of catalytic reforming of renewable natural raw materials - biogas for the development of
environmentally friendly, highly efficient fuels” (state registration No. 0120RK00479, 2020-2022);
AP08052090 “Formation of catalytic systems with controlled properties for the synthesis of
valuable commercial products” (state registration No. 0120PK00141, 2020-2022); AP14869966
“Development of theoretical aspects of catalytic synthesis of “blue” hydrogen for the upcoming
transition to carbon neutrality” (state registration No. 0122RK00561, 2022-2024); AP19677006
“Catalytic processing of renewable raw materials based on bioalcohols - biomethanol, bioethanol
and biopropanol into valuable gas and petrochemical products” (state registration No.
0123RK00259, 2023-2025).

Approval of practical results of work. The main results of the thesis were presented in
scientific conferences: Chemical technologies of functional materials: Proceedings of the VII
International Russia-Kazakhstan scientific-practical conference, April 28-30 2021, Novosibirsk,
Russia; 24th Conference on Process Integration, Modelling and Optimisation for Energy Saving and
Pollution Reduction - PRES21, 31 October — 3 November 2021, Brno, Czech Republic; 26th
International Congress of Chemical and Process Engineering CHISA 2022, 21-25 August 2022,
Prague, Czech Republic;Chemical technologies of functional materials: Proceedings of the VIII
International Russia-Kazakhstan scientific-practical conference, April 28-29, 2022, Almaty,
Kazakhstan; International scientific and practical conference “Modern problems of development of
fundamental and applied chemistry and technology of low- and high-molecular compounds in
solving industrial and environmental problems”, dedicated to the 70th anniversary of the honored



Kazakh scientist, professor, academician, member of the American Chemical Society Jumadilov
T.K., May 2022, Almaty, Kazakhstan; IV International Conference and School of Young Scientists
“Advanced High Entropy Materials”, September 26-30, 2022, Chernogolovka, Russia; Chemical
technologies of functional materials: Proceedings of the IX International Russia-Kazakhstan
scientific-practical conference, May 25-27, 2023, Novosibirsk, Russia; International Conference
“Current problems in catalysis”, September 25-29, 2023, Kyiv, Ukraine; V International
Conference and School of Young Scientists “Advanced High Entropy Materials”, October 9-13,
2023, Saint Petersburg, Russia, 15th European Congress on Catalysis. Prague, Czech Republic,
August 27-September 1, 2023, 28th North American Catalysis Society Meeting NAM28, 2023.

Publications. The main results of the thesis were published in co-authorship in 22
publications, involving 5 articles in international scientific publications included in the Scopus and
Web of Science databases; in 3 articles in journals recommended by the Committee for Quality
Assurance in the Field of Science and Higher Education of the Ministry of Science and Higher
Education of the Republic of Kazakhstan; in 12 proceedings of international scientific conferences.
Based on the results of the co-authored work, 2 patents for a utility model of the Republic of
Kazakhstan was also received.

Personal contribution of the author, publications and testing of practical results of the
work. In articles “Dry reforming of methane over Ni-Fe-Al catalysts prepared by solution
combustion synthesis” and “Dry reforming of methane over rare-earth metal oxide Ni-M-Al (M =
Ce, La) catalysts” (Industrial Engineering Chemistry Research 2023, 62(29) and 62(48), 11439-
11455 u 20588-20607; ISSN: 0888-5885. Q1 Scopus/WoS CiteScore 6.6, Percentile 81%)
Manabayeva A.M. is the first author and corresponding author. The candidate contributed to all
experiments, interpretation of results, and preparation of initial drafts of the paper, including
descriptions of the introduction, methodology, results, conclusion, and graphs. Additionally, she
was involved in formatting the article in accordance with the requirements of the journal and
improving it after each stage of review.

In article “Dry Reforming of Methane over Mn-modified Ni-based Catalysts” (Catalysis
letters, 2024, 4780-4794, Q2 Scopus/WoS Citescore 5.4, Percentile 68%) Manabayeva A.M. is the
first author and corresponding author. The candidate contributed to all experiments, interpretation
of results, and preparation of initial drafts of the paper, including descriptions of the introduction,
methodology, results, conclusion, and graphs. Additionally, she was involved in formatting the
article in accordance with the requirements of the journal and improving it after each stage of
review.

In article “Mg-modified Ni-based catalysts prepared by the solution combustion synthesis for
dry reforming of methane” (Catalysis Today, 2025, 115261-115275, Q1 Scopus/WoS CiteScore
11.5, Percentile 89%) Manabayeva A.M. contributed to the research as the first author, conducting
all catalytic tests, interpreting the results. She also prepared the first draft of the manuscript,
collected the references for the introduction, and wrote the description of the graphs and results.
Candidate participated in the revision works.

In article “Effect of Ce promotion on catalytic activity of Ni-Al catalysts in dry reforming of
methane” (Combustion and plasmochemistry, 21(4): 249-255, 2023) the first author is
Manabayeva A.M. In addition, the candidate participated in the design of articles in accordance
with the requirements of the journal, submission of articles to journals, and revision of articles after
each stage of review.

Structure of the dissertation. The dissertation consists of an introduction, 3 chapters, a
conclusion and a list of references. The thesis is presented on 137 pages, contains 35 tables and 60
figures. The bibliography includes 251 sources.
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NPHPOTHOTO ChIPHS — GHOra3a 15 MOJTyYeHHsI COBPEMEHHBIX BHICOK0I(p(eKTHBHBIX
BO/IOPO/ICOAEPKALINX TOIJIUBHBIX cMecei,

NPE/ICTaBICHHON Ha COMCKaHue cTeneHu gokTopa punocopun (PhD) no cnenmansHOCTH
8D07107 — Herexumus
ManataeBoii Airya MycJMMOBHBI

Onucanue padorbl. B 3TOM wHccnenoBaHuM ObLIM  TOJYYEHbI, OXAapaKTEpPU30BaHbl U
WCIBITaHbl KaTaJM3aTOpbl HA OCHOBE HUKEJS B IpOIleccax YriIeKUCIOTHOM KOHBEPCHM METaHa U
pudopmuHra Ouorasa.

AKTyaJIbHOCTh HccJiefoBaHusl. CXUraHue MCKONAeMOro TOIUIMBA TE€HEpUpYEeT OOJIbIIYIO
4yacTh MPOMBIIUIEHHOr0 Temja. B mocienHue roapl, 4roObl 00€CHeunTh yMEHbIIEHHE BbIOPOCOB
CO2 B OKpyXalollylo Cpeay, MHPOBOE COOOIIECTBO TMPOJBUTAECT HACKO JeKapOOHM3AIUH—
MEPECTPOUKY IKOHOMHUKH U DHEPreTUYECKUX cucteM. [1oBhICUTh 3(PPEKTUBHOCTH MCIOIH30BAHUS
HOBBIX TE€XHOJIOTHH C LIE€TIbI0 CHUKEHUS BBIOPOCOB BO3MOKHO YK€ ceifuac, 0JIHaKO CYIIeCTBYIOIIUN
YpOBEHb TEXHOJIOTMM HE TMO3BOJISIET OTKa3aTbCsd OT  HCIOJIb30BAHUS — TPaJAWLUOHHBIX
SHEPrOHOCUTENIEH.

B pesynpraTe mnoamMcaHus BeAyIIMMM CcTpaHamu Ilapukckoro corjamieHus MHpPOBas
SKOHOMHUKA CTPEMHTCS ylepKaTh IJI00albHOE TOTEINIEHHEe B Tipeaenax 2 rpaaycoB Llembcus, mis
4yero copmMupoBanta MakpoTpeH Ha JeKapOOHU3AIUIO U, TEM CaMbIM, 3a/lajla HOBYIO TPACKTOPHIO
pa3Butusi 3koHOMUKH. WM3BecTHO, uTO EBpomnelickuii Coro3 HamepeH BBecTH K 2025 roxy
9KOJIOTUYECKHH cTaHaapT EBpo-7 miis BpeaHbIX BRIOPOCOB B aTMochepy. ITOT CTaHIAPT MPUBEICT
K 3alpeTy Ha MpOJAaxy, a, COOTBETCTBEHHO, U HAa MPOU3BOJICTBO aBTOMOOWJIEH C JBUraTeNIMU
BHYTPEHHETO CrOpaHHUs.

Bonopon kak HOCUTENb SKOJIOTMYECKH YHCTOM 3HEPTHM MO3BOJIMT Hambosee palloHaIbHO
PElINTh aKTyalbHbIE MPOOIEMBbl SKOJOTHH: CHU3UTH KOJMYECTBO MAPHUKOBBIX 'a30B, YMEHBIIUTH
3arpsi3HEHUs. TOPOJIOB U 3aBHCHUMOCTH OT TOIUIMBAa Ha Oa3e HedTH. CTano MOHSATHO, YTO HYKHBI
COOCTBEHHBIC TPOM3BOJICTBA, COOCTBEHHBIE pa3pabOTKH, COOCTBeHHas Hayka. 27 mas 2020 .
[Ipesugent Kaszaxcrana Ha 3acemanuu HaiicoBeTa oOIIECTBEHHOIO JOBEpHs CKas3all, YTO «HYKHO
HampaBUTh YCWIHMA M PECypchl Ha Takue OO0JIacTH KaK MeIMKO-OMOJIOTMYECKOE HCCiel0BaHue,
arpornpoMBbIILICHHAs HayKa, 3eJIeHbIC TEXHOJIOTUH, HCKYCCTBEHHBII WHTEJIEKT,
3HEProd(HPEeKTUBHOCTHY.

TexHonornu, OCHOBaHHBIE HA OTXO0JIaX, B YACTHOCTH aHa’poOHOE COpakMBaHHE PA3IUUHBIX
OTXOJIOB, TAKUX KaK OBITOBBIE CTOYHBIC BOJbI, TBEPJbIE OTXOJbI HA CBAJKaX U HAaBO3 >KMBOTHBIX,
CBITPAJIU B MOCJEIHUE AECATUIICTHS CYIIECTBEHHYIO POJIb B IPOU3BOJCTBE OOraToro METaHOM rasa,
IIMPOKO U3BECTHOTO KaK ChIPO Ouoras.

buora3s conepxxut B ocHoBHOM CH4 u CO2. KoHueHTpanus qpyrux npumeceid Bapbupyercs B
3aBUCHUMOCTH OT ChIpbsi. llocne Hamiexameir o6paboTku OHOraz MOMKHO HCHIOJIb30BaTh s
MIPOU3BO/JICTBA TEIJIA U 3JIEKTPOIHEPTUH, a TAKXKE TSl APYTUX SHEPTE€TUUECKUX LEeH.

OpHako pacTeT MHTEpeC K TMOMCKY APYTUX NPUMEHEHUN ChIporo Ouoraza. DTH 00IacTu
MPUMEHEHHs] BKJIIOYAIOT B ce0si: NpHUMEHEeHHe Ouoraza B KayeCTBE CHIPbS JJS TOTYYECHUS
9KOJIOTHYECKH YHUCTOTO, YCTOWYMBOTO M adbTEPHATUBHOTO OWOTOIIMBA, a TAKKE BAKHBIX JUIA
MIPOMBIIIJIEHHOCTH XMMHUKATOB, Hanpumep, cuHTe3-raza (CO+Hz) mocpeacTBoM IpoIeccoB CyXoro
pudopMHHTa, KOTOPBII MKUPOKO MpeAIaraeTcs u3-3a NpsaMoro ucnoibzoBanus kak CHs, Tak u COa.
CuHre3-ra3 sBIAETCS LIEHHbIM HCTOYHUKOM OpPraHMYECKOIO CHHTE3a M MPUMEHSETCS B KaueCTBE
HCXOJHOTO CBIPhSl JIs MPOUM3BOJCTBA aMMHaKa, METaHOJ]a, JUMETHUIOBOTO A(Hpa, YKCYCHOU
KHCJIOTBI, BHICOKOMOJIEKYJISIPHBIX COUPTOB U albAETUI0B, cuHTe3a duinepa-Tporniia, OKCOCUHTE3a
U APYTUX KPYMHOMACIITAOHBIX TPOIIECCOB.

B cBsi3u ¢ aTHM, TaHHAs Hay4YHAs padoTa UMEET BaXKHOE 3HAYCHHE JUTSl 3aIIUTHI OKpPYyXKaIoei



Cpeabl, pe3ylbTaThl KOTOPOM MO3BOJSIOT CHUKATh BBHIOPOCHI MAPHUKOBBIX Ta30B B aTMocdepy, a
TaK)Xe MCIOJB30BATh UX JUIS CHHTE3a TOIUIMB HOBOTO MOKoyIeHus. Kak mpaBuiio, mpoiecc mpoBOIsST
C HCHOJIb30BAHMUEM KaTalIM3aTOPOB, KOTOPBIE JOJDKHBI 00Ja/1aTh aKTUBHOCTBIO, CEIEKTUBHOCTHIO,
CTaOMJIBHOCTBIO U JIOJKHBI OBITh JICHIEBBIMH.

Hesmn u 3agaum ucciaenoBanuil. lLlenpito paboTel siBisercs pa3paboTka 3PGEKTHBHBIX
TEPMHUYECKH YCTOWMYUBBIX COCTaBOB KAaTaJIM3aTOPOB Ui JKOJOTMYECKH YHUCTOTO CYXOTO
pudoOpMHIHTa METaHa U MOJAEIHHON cMecH OHorasa, OTpe/ielieHne ONTUMAIIBHBIX YCIIOBUI peakiuii,
(U3UKO-XUMHYECKUX XAPAKTEPUCTHK KaTATM3aTOPOB KOMILJIEKCOM METOJIOB M YCTAHOBIICHHE HX
B3aMMOCBSI3HU C KATAINTUIECKUMHU CBOHCTBAMH.

J1st TOCTKEHHS eI, TIPEICTABIICHBI CIISAYIOIINE 3a1a4l paboThI:

- CuHTE3 KaTaau3aTopoB TPAAMLIMOHHBIM METOIOM IPOIUTKU Ha BO3AYXE, a TaKXKe
COBPEMEHHBIM METOJIOM TOPEHHUSI B PACTBOpE, M3yUYE€HHE M CPaBHEHHWE UX CBOWCTB B IpoOIEcce
CyXoro pu(opMHUHIa METaHa;

- OmnpeneneHne ONTUMAIBHBIX YCIIOBUH Tpoliecca cyxoro pupopMUHTa METaHa ITyTeM
W3MEHEHHsI TIapamMeTpoB (Temmeparypa, OOBEeMHas CKOPOCTb, COOTHOIIEHHE KOMIIOHEHTOB
PEaKIMOHHON CMECH, COJIEp’KaHHE aKTHBHOM (a3bl M COOTHOUICHHE AJIEMEHTOB), YTO TTO3BOJISIET
MOJIyYUTh MaKCHMAJIbHBIN BBIXOJI MPOJIYKTAa B YCIOBUSX PAI[HOHAIBHOTO MCIIOJIB30BAHUS CHIPHS U
SHEPTHH;

- N3yueHne CBOWCTB KaTalM3aTOPOB KOMIUIEKCOM (H3UKO-XMMHUYECKHIX METOJIOB C
[ENBI0 BBISIBIICHHST (DaKTOPOB, OMPEIEISIONINX AKTUBHOCTh M CTa0MIBHOCTh KaTAIUTHYECKUX
CHCTEM B HETIPEPBIBHOM PEKUME;

- HccnenoBanne akTHBHOCTH W CTAaOWJIBHOCTH  KaTalM3aTOpOB B  TIpoIlecce
KaTaJIMTHYIECKOTO PHPOPMHUHTA;

- BeIsiBIIeHME B3aMMOCBSI3U KaTATUTUYECKUX U (PU3UKO-XUMUYECKHUX CBOMCTB KAaTalIU3aTOPOB.

OO0bekTBl HCCHEIOBAHUSI: METaH, JUOKCUJA YIJepoja, CHHTE3-Ta3, KaTaau3aTopsbl,
IIPUTOTOBJICHHBIE METOIAMH ITPOITUTKH 10 BJIATOEMKOCTH U TOPEHUS B paCTBOPE.

IIpeamer  mcciaegoBaHusi:  KaTaJUTHYECKas  YIJICKUCIOTHAas  KOHBEPCUS  MeTaHa
(xaTanuTHYecKas KOHBepcUs Ouorasa) Ui MOJy4eHUs BOJIOPOJICOIEPAKALIUX TOIUIMBHBIX CMeceil.

Mertoasb! uccienopanusi. bpuii NpoBeeHb! UCIBITAHUS HA aBTOMAaTHU3UPOBAaHHOM yCTaHOBKE
C HEMNOJABIKHBIM CJIOEM Ha IPUTrOTOBJIECHHBIX KaTanu3aTopax. McxomHele u oTpaboTaHHBIE
KaTaJln3aTopbl OBLIM M3ydeHbl MeToJaMM peHTreHodaszoBoro anamusza (PPA), npocseuunBaromie
MeKTpoHHOM Mukpockormuu ([IOM), ckanupyromeii 3mekTpoHHOW Mukpockonuu (COM),
bpynaysp-Ommer-Temnep  (BOT). Ceexxue  karaam3atopbl  HCCIEAOBAINCH  METOJIaMHU
TeMIepaTypHO-IIPOIrPaMMHUPOBAHHOIO  BoccTaHoBleHUs BogoponoMm (TIIB), TtemmeparypHo-
IPOrpaMMHUPOBAHHOW  jecopOuumn  auokcuaoMm  yriaepopa u  ammuakoMm (TIIH), Tombko
oTpaOOTaHHBIE KaTalu3aTophl: TepMmorpaBuMmerpuyeckoro anamuza (TT'A), TemneparypHo-
porpaMmupoBaHHoOro okucienus kuciaopogom (TIIO), CHNS ananusa. McxoaHsie ra3oBas cMech
U TPOJIYKThI peakIMy aHAIM3UPOBAINCH C MOMOIIBIO Ia30Boro xpomarorpada (I'X).

OcHOBHBbIE pe3yJbTAThl HCC/JIEI0BAaHHUSA (0KA3aHHbIe Hay4Hble THIOTe3bl W Jpyrue
BBIBO/IbI, SIBJISIIOIIMECS] HOBBIMHM 3HAHUSIMH), BHIHOCHMbIE HA 3aILUTY:

1. Kataimzatopsl ¢ ONTUMaJIbHBIM COCTaBOM, IPUTOTOBJIEHHBIE METOI0OM FOPEHUS B pacTBOpPE
JUIsL YTJIEKUCIIOTHOM KOHBEPCHMM MeETaHa, a Takke pudopMUHra Ouorasza MpoJEeMOHCTPUPOBAIN
BBICOKYIO aKTUBHOCTb, KOTOpas JOCTUrajach B pe3ylbTaTe HNPHUMEHEHHMs MeToJa TOpeHHUs
UCXOJIHOTO pacTBOpa B IPOILIECCe CHUHTE3a KaTajiu3aTopoB, MPHUBOJAIIETO K MOJYYEHUIO
BBICOKOAUCIIEPCHBIX MaTepuasnoB U (opmupoBanuio mmnuHenn NiAloOs ans 15Ni-35Al, crnasa
NisFe u mmuaenn NiAl:Os mast 15Ni-5Fe-30Al, meposckuta CeAlOs mmast 15Ni-15Ce-20Al.
IToxazaHo, uto juis katanuzatopoB 15Ni-35A1 u 15Ni-5Fe-30Al konBepcust merana npu 800°C
coctaBuna 76% u 88%, a xouBepcusi CO2 paBHa 95% u 94%. 3HaueHHs] KOHBEPCUM U METaHA U
CO2 ipu 850°C mnst 15Ni-15Ce-20Al o6pa3ios cocranisiu 90%.

2. SCS-karamuzatop 15Ni-15Mg-20Al mokasan 6onee BHICOKYIO aKTHBHOCTB 110 CPAaBHEHHIO C
BoCccTaHOBIIEHHBIM 00pa3uoM 12%Ni-5.6%Mg/y-Al203, cuHTE3MpOBaHHBIM METOJIOM HPOTUTKH H
oOnagaromuM Gosiee BBICOKOW AMCIEPCHOCTBIO, YTO CBS3aHO C 0ojiee CHIIBHOW B3aWMOCBSI3BIO



MEX1Yy METAJUIOM U HOCUTEJIEM, KOTOpasi 3aTPyIHSET BOCCTAHOBIEHUE KaTalu3aTopa.

3. VYcraHoBieHa pOJb ULINUHENEH M METAUIMUECKOI0 HHKENId B  KaTalu3aropax,
IIPUTOTOBJIEHHBIX METOJIOM TOPEHHMS B PacTBOpPE, WIPAIOILIMX BAXKHYIO pOjJb B 00pa3oBaHUU
ONpPENIEJICHHOTO BHJa Kokca, nokazaHHoro merogamu PDA, TIIO, TTTA u CHNS. AxTuBHBIHA
karanu3atop 15Ni-15Mg-20Al comepXUT HE3HAYUTEIHLHOE KOJIWYECTBO YIJIEpOJa HUTEBUTHOTO
THIIA, HA KOHIIAX KOTOPOT0 HAXOJATCS YaCTHUIIBI HUKENs, oOpazyemblie npu 590°C. Hanuuue Takoro
THUIIA YIJIEPO/ia HE CHIKAET aKTUBHOCTHU Pa3pabOTaHHBIX KaTaJIU3aTOPOB.

4. 3naunTenbHOrO criekanus B karaiauzaropax 15Ni-5Fe-30Al, 15Ni-15M-20Al (M = Ce, La,
Mn, Mg) u 12%Ni-5.6%Mg/y-Al.O3 He HabIIOAATOCH IPU TEMIIEPATYPHOM IHUKIUPOBAHUH TIOCIIC
MOHI)KEHUsT TemmepaTypsl obpaTHo a0 600°C, Tak Kak KaTajau3aTopbl MPU 3TOM HE TEpsUIH
AKTUBHOCTH.

Hayunas HoBu3Ha. Pa3zpaGoTaHbl HOBbIE akTHBHbIE, 3(()EKTUBHBIE U TEPMOCTAOMIIbHBIE
KaTaJau3aTopbl, IPUTOTOBIEHHbIE METOJAMH MPONUTKU MO BJIArOEMKOCTU M TOpPEHHsI B pPacTBOpE,
JUIS TIOJTy4€HHUsl CUHTE3-Ta3a U3 MeTaHa U AUOKCUJa yriepoJa U MOIeIbHOM cMecu Ouorasa.

- BriepBbie ycranoBieHa crabuibHOCTh 15Ni-15Mg-20Al karanuzaTopa B ONTUMAaIbHBIX
YCIIOBUSAX IPOBEIEHUS IMpoIliecca, MPUTOTOBIEHHOTO METO/I0OM TOPEHUsl B PacTBOpPE, SBJISIOLIAsICS
pe3ynbraToM (GOPMUPOBAHHS HE MACCHBHOTO, a HHMTEBHJIHOTO YIJIEpOJa C BOCCTAHOBJIEHHOM
(hopMoIt aKTUBHOTO MeTajlsla Ha KOHIIAX.

- Bnepsoie naiigeno, uto 15Ni-5Fe-30Al karamuzatop ¢ 5% Fe, comepkamuii B cCBOeM
cocraBe kak criaB NisFe, tak u mmmaens NiAlLOs, sBisgeTcs 3HaYMTENLHO 0OJIEE aKTHMBHBIM 10
CpaBHEHMIO oOpa3uaMu c Oojee BbICOKMM cooTHomeHueM Fe/Ni, amns KOTOphIX YCTaHOBIJIEHO
oOpa3zoBanue HeakTHBHOUM mmuHenn FeAl,O4 n yBenmueHne pa3mepa 4acTHil.

- YCTaHOBJIEHO, YTO OJJHOBPEMEHHOE TIPHUCYTCTBHE BoccTaHoBIeHHOTo Ni’ 1 okcHaHbIX hopm
METa/UIOB (IIMTMHETH, TIEPOBCKUTHI) SBISETCS BaXXHOW COCTABIIIONICH CTaOUIBHON pPabOTHI
UCCIIEIyeMbIX  KaTaju3aToOpoB, CBs3aHHAs C aKTUBallMed HUKEJIeM MeTaHa, a TaKke
WHTHOMPOBAHNEM OTJIOKEHUS YIiIepo/ia M CIieKaHust 00pasiia alFlOMHHATOM MarHHsl.

- [lokazaHo, 4YTO MNPUTOTOBJIEHWE KaTajau3aToOpa METOJOM TMPOMUTKH YCTYHAeT METOIy
TOpPEHUs B PacTBOPE, B KOTOPOM IOJIyu€HbI 00Jiee BHICOKHE 3HaYCHHsS] KOHBEPCUH CBIPhSl M BbIX0/1a
BOJIOPO/JIA.

- BriepBpie Moka3aHo HaJIM4YUE Yriiepoja HUTEBUAHOTO THIA B KaTalu3aTopax ¢ aKTUBHBIMU
YacTUIIaMU HUKeNsT Ha KoHHax. Hamuuyme Takoro yriepoja HE CHHXAJIO aKTUBHOCTH
KaTajanu3aTopoB.

- YcTaHOBNEHBl YCIOBHUSL TPOBEINCHHS cyxoro pudopMuHra MeraHa U Ouorasa B
BOJIOPO/ICOIEpIKaIliee SKOJIOTHUECKH YICTOE TOIUIMBO Ha pa3pabOTaHHBIX KaTalU3aTopax.

- Pa3paboTaHHbIif COCTaB KaTaau3aTopa 3amiuiieH 2 nareHramu PK Ha mosie3Hyo Moaenb.

IMpakTHyeckasi 3HAYUMOCThb JuccepTanuu. Ha OCHOBaHMM MPOBEICHHBIX AaHAIU30B
CHHTE3UPOBAaHbl TEPMUYECKH YCTOWUYHMBBIC KATAIM3aTOPhI I CEJICKTUBHOIO IMOJYYCHHS CHHTE3-
rasa u3 MeTaHa ¥ MOJIeJIbHOM cMecu Ororasa.

Pa3paboTka HOBBIX 3((PEKTUBHBIX KAaTAIM3aTOPOB, & TAKIKE ONTUMAIBHBIX TEXHOJIOTHIECKUX
YCJIOBHII TOJTydeHHUs] CHHTE3-Ta3a B MPOIECcCe CYyXOro puopMUHra MeTaHa 1 pupopMuHTra Onorasa
SBIIICTCSI BKJIAZIOM B HEPTEXMMHUIO, a Takke B (QyHJAaMeHTaIbHbIH Katanu3. Kpome Toro,
MPAaKTUYEeCKas 3HAYUMOCTh PE3YJIbTATOB HMCCIICOBAHUN 3aKIIFOYACTCsl B UCIOJIb30BAHUH JICIIEBBIX
KaTaJIn3aTopoB 0e3 OJIArOpPOJHBIX METAJIOB M IIEHHBIX CHHTETHUYCCKHX HOCHTENICH JUTs TIOJTYYCHUS
HKOJIOTUYECKH YHUCTOTO CHHTEe3-Ta3a. CielyeT OTMETHTh, YTO MO CPABHEHUIO C TPaJUIIMOHHBIMH
METOJIJaMH TIPUTOTOBJICHHS KaTaJIM3aTOPOB, MPEANOIAraloNUMH UTUTSIBLHYIO MPEIBAPUTEIBHYIO
TepMOoOOpaboTKy (2-Xx YacoBas CylIKa W S5-TH YacoBas IpOKajKa), HCCIEAYeMBIH IPOIECcC
3HAYUTEIBHO JICIICBJIE, YTO TPHUBOJUT K CHIDKCHUIO DJHEpro3arpar MpH HPUTOTOBICHUU
KaTaJIn3aTOPOB BCEr0 3a HECKOJbKO MHHYT 0O€3 HEO0OXOJMMOCTH BBICOKOTEMIIEPATypHOU
00paboTKu.

BaauaHocTh W IOCTOBEPHOCTH  pPe3yJbTaToB. [loJydyeHHBIC JaHHBIC  SIBIISIOTCS
JOCTOBEPHBIMH, TIOCKOJIbKY BO BPEMS MCIBITaHHI OBUIM MPOBEJICHBI MHOTOKPATHBIC MOBTOPCHHS



aHaym3a mpoo.

CBfI3L TEMBI ¢ HAYYHO-UCCJIEA0BATEC/IbCKUMHU paﬁoTaMn H TOCYAAPCTBEHHBIMH
nporpamMamMu. Pabota Obula BBIIOJHEHa B paMKax CIEAYIONIMX TPAHTOBBIX IPOEKTAX,
¢unancupyempix MOH  PK:  AP08855562  «Pa3Butume  (¢yHAaMEHTAIbHBIX  aCHEKTOB
KaTaJIMTHYECKOTO pru(OpMHUHra BO300OHOBIISIEMOTO MPUPOJIHOTO ChIpbi — OMorasa ajist pa3paboTKu
9KOJIOTUYECKH  YHUCTBIX  BBICOKOI((QEKTUBHBIX TOIUIMB»  (TOCYAApCTBEHHAas pPErucTpanus
NeO120PK00479, 2020-2022 rr.); AP08052090 «Co3manme KaTaIUTHYECKHUX CHCTEM C
perylupyeMbIMU CBOWCTBAMHU JJIsi CHHTE3a IIEHHBIX TOBApPHBIX MPOAYKTOB» (TOCYAapCTBEHHAas
peructpamus Ne 0120PK00141, 2020-2022 rr.); AP14869966 «Pa3ButHe TEOPETUYECKUX ACTICTKOB
KaTAJIMTUYECKUX CHUHTE30B «TOJIyOOT0» BOJOPOJA Jisi MPEACTOSIIEro Mepexoaa K YIriIepoaHOM
HelTpanpHOCTUY» (rocyaapcTBeHHas peructpauus Ne 0122PK00561, 2022-2024 rr.); AP19677006
«Karanutnueckast nepepaboTka BO30OHOBIISIEMOTO CBHIPhSl HA OCHOBE OMOCIHMPTOB — OMOMETaHOa,
O0uosTaHona M OuoNpomNaHoja B IIEHHbIE T'a30HE(YTEXHMHUYECKHE MPOIYKTH» (FOCYAapCTBEHHAs
peructpanus Ne 0123PK00259, 2023-2025 rr.).

YTBepm)le}me NMPAKTUHYCCKHUX PE3YyJbTATOB paﬁoTl)l. OcHOBHEBIE PE3YIbTAThl ANCCEPTAINN
ObLTH TIpE/ICTAaBICHBI Ha MEXIyHapoJHbiXx KoH(pepeniusx: Chemical technologies of functional
materials: Proceedings of the VII International Russia-Kazakhstan scientific-practical conference,
Hosocubucpk, Poccus, 28-30 ampens, 2021, Chemical technologies of functional materials:
Proceedings of the VIII International Russia-Kazakhstan scientific-practical conference,
Hoocu6ucpk, Poccus, 28-29 ampens, 2022; 24" Conference on Process Integration, Modelling and
Optimisation for Energy Saving and Pollution Reduction - PRES'21, 31 okts6ps — 3 Host6pst 2021,
BpHo, Yenickas Pecriyomuka; 26" International Congress of Chemical and Process Engineering
CHISA 2022, 21-25 asrycra 2022, ITlpara, Yemickass PecmyGmnuka; International scientific and
practical conference «Modern problems of development of fundamental and applied chemistry and
technology of low- and high-molecular compounds in solving industrial and environmental
problems», dedicated to the 70" anniversary of the honored Kazakh scientist, professor,
academician, member of the American Chemical Society Jumadilov T.K., maii 2022, Anamarsi,
Kazaxcran; IV International Conference and School of Young Scientists «Advanced High Entropy
Materials», 26-30 centsiops, 2022, Uepnoronoska, Poccus; Chemical technologies of functional
materials: Proceedings of the IX International Russia-Kazakhstan scientific-practical conference,
25-27 mas, 2023, Hosocubucpk, Poccus; International Conference «Current problems in catalysis»,
25-29 cenTs0ps, 2023, Kues, Ykpauna; V International Conference and School of Young Scientists
«Advanced High Entropy Materials», 9-13 oxtsa6ps, 2023, Canmxt-Ilerep6ypr, 15" European
Congress on Catalysis. ITpara, Yenickas Pecny6muka, 27 aBrycra — 1 centsiops, 2023, 28" North
American Catalysis Society Meeting NAM28, 2023.

IMyonuxauun. OCHOBHBIE pe3ylbTaThl JHCCEPTAIMOHHON paboOThl OMyOJIMKOBAaHBI B
COaBTOPCTBC B 22 Hy6J'II/IKaI_[I/I$IX, B TOM YHCIE B 5 CTaThIX B MCKAYHAPOJAHBIX HAYUHBIX U3JaHUAX,
BKJIIOUEHHBIX B 0a3bl gaHHbIX Scopus u Web of Science; B 3 crathsix B KypHalax,
PCKOMCHIOBAHHbIX KomureroM 1m0 o0OecleyeHHI0 KayecTBa B C(bepe HAayKh M BBICHICTO
oOpa3oBanusi MuHHCTepCTBa HayKd U BbIciiero oOpa3zoBanusi PecnyOonuku Kazaxcran; B 12
MaTepuasax MeXAyHapOIHbIX Hay4yHbIX KoHGepeHuui. [lo pesynpratam paboThl B COAaBTOPCTBE
TAKXKC MOJTYUCHBI 2 TaTeHTa Ha MOJIC3HYIO MOICIIb PK.

JInuHblii BKJaA aBTOpPa, NyOIMKALNMH W anpodanus NPAKTHYECKHUX pe3yJbTaToOB
padorel. B cratesix «Dry reforming of methane over Ni-Fe-Al catalysts prepared by solution
combustion synthesis» u «Dry reforming of methane over rare-earth metal oxide Ni-M-Al (M =
Ce, La) catalysts» (Industrial Engineering Chemistry Research 2023, 62(29) u 62(48), 11439-
11455 u 20588-20607; ISSN: 0888-5885. Q1 Scopus/WoS CiteScore 6,6 Ilpouentuiar 81%)
ManabaeBa A.M. sBisieTCs TEpBBIM aBTOPOM U aBTOpOM-KoppecnoHaeHToM. Kanaupar
Y4aCTBOBaJl B IMPOBCACHHUHN BCCX OJKCIICPUMCHTOB, HUHTCPIIPCTALUN PC3YJIIbTATOB H IMOATOTOBKE
NEpBOHAYAJIbHBIX BApPUAHTOB CTATbH, BKIIIOYAA OIMMCAHUA BBCIACHHA, MCTOHOJIOTHU, PC3YJILTATOB,
3aKJIFOUYCHUA U l"pa(I)I/IKOB. I[OHOJIHI/ITGJIBHO OHa 3aHuMajiacChb (I)OpMaTI/IpOBaHI/ICM CTaTbu B
COOTBETCTBUHU C TpeGOBaHI/IHMI/I JKypHaJIa 1 €€ YIIYUIICHHUEM IMOCJIC KAXKAOTO 3Talla pCUCH3NUPOBAHUS.



B cratee «Dry Reforming of Methane over Mn-modified Ni-based Catalysts» (Catalysts,
2024, 4780-4794. Q2 Scopus/WoS Citescore 5.4, TIpouentuns 68%) ManabaeBa A.M. sBisieTcs
IIEPBBIM aBTOPOM U aBTOPOM-KOpPPECHOHAEHTOM. KaHauaar y4acTBOBall B IIPOBEJCHHMM BCEX
OKCIICPUMCHTOB, HHTCPHPCTAlIMU PE3YJIbTATOB W IIOAIOTOBKC IICPBOHAYAIBLHBIX BapUAHTOB
CTaTbH, BKJIIOYasA OIMCaHHA BBCIACHUA, MCTOJOJIOIHMH, PC3YJIbTATOB, 3AKJIFOUYCHHUA U Fpa(bI/IKOB.
JIONOTHUTENBHO OHA 3aHMMasiach (OPMATHPOBAHHMEM CTaTbU B COOTBETCTBUU C TPEOOBAHUSMHU
KypHaJla U € yJIydLIEHUEM I10CIIE KaXK/I0T0 dTana pelieH3upoBaHusl.

B cratee «Mg-modified Ni-based catalysts preparation by the solution burn synthesis for dry
reforming of methane» (Catalysis Today, 2025, 115261-115275, Q1 Scopus/WoS CiteScore 11.5,
Percentile 89%) ManabaeBa A.M. BHecia BKJIQJ B WCCIEJIOBAaHHWE B KayeCTBE IEPBOTO aBTOPA,
IMPpOBECAs BCC KATAIMTUUCCKUEC UCIIBITAHUA, MHTCPIIPETUPOBAB PC3YJIbTAThI. Omna taxxe moaroToBuiia
MEepBBIM YEPHOBUK PYKOMMCH, coOOpaia CCbUIKM JJIs BBEACHUS U Halucana ONucaHue rpadukoB U
pesynbpTaToB. KanauaaT ygacTBoBaia B paboTax mo 1opadoTke.

B craree «Effect of Ce promotion on catalytic activity of Ni-Al catalysts in dry reforming of
methane» (Combustion and plasmochemistry, 21(4): 249-255, 2023), nepBbIM aBTOPOM SIBJISETCS
ManataeBa A.M. Kpome Toro, kaHaugaT y4acTBoBaJl B OOPMJIEHHM CTaTe€ll B COOTBETCTBHM C
TpeOOBaHUSAMU JKypHala, Mojadye craTeil B >KypHajibl U JOpabOTKE CTaTei mocje KaKJIoro sTama
PELeH3UPOBAHUS.

Crpykrypa amccepranuu. /[uccepranmusi COCTOMT W3 BBEIEHHWsA, 3 TJaB, 3aKIIOUYEHUS H
CTIMCKA WCIIOJIb30BaHHOHM JmTeparypbl. Juccepramus mzioxena Ha 137 cTpaHUIax, COIEpxHUT 35
tabmuie! 1 60 pucyHkoB. bubnmorpadus Brimrogaet 251 HCTOUHUKOB.



«8D07107— MyHaiixumusi» MaMaHIbIFbl OoiibiHIIa priocodus nokropsl (PhD) nopexecin
any yuriH ManabaeBa Airya MyclIMMOBHaHBIH
«IKOJIOTHSVIBIK Ta3a, THIMALIIT 2KOFapbl Ka3ipri 3aMaHrbl CyTeKKYpaM/Ibl OTBIHAAPABI
33ipJiey YUIiH KAHAPTBIIFAH Ta0UFU MIMKI3aT-0MOra3AblH KATAJUTHKAJIBIK pU(OPMUHTic»
TaKbIPBIOBIHAAFBI AUCCEPTAIMSITBIK KYMBICHIHBIH
AHJATIHACBI

KymbIcThIH cunmaTtramacbl. bByn  3eprreyae  HHKENb HETBIHAErT KaTaau3aTopliap
TaWbIHIAIIBI, CHUIIATTAJIIbI KOHE METaHHBIH KYpFakK j>koHe Owmora3 puOpMHHTICIHIH yaepicTepi
YILIiH CBIHAKTAH OTTI.

KymbicThIH 03ekTiairi. Kaz0oa oThIHIaphIHBIH )KaHYBl OHEPKICINTIK KBUTYIBIH KOIl 0eIIiriH
mbiFapanel. COHFBI KbUTIApel KopmaraH oprara COz IIBIFapbIHIBUIAPBIH a3alTy MaKCaTBIHAA
JTYHUEXKY3UTIK KOFaMJIacThIK JIeKapOOHU3alKs — SKOHOMUKA MEH SHEpreTHKaNbIK Kyhenep/l KaiTa
KYpbUIBIMJIay OWBIH ajifa bUDKbITYyHa. Kaszip[iH e3iHJe HIbIFapbIHAbUIApAbl a3aliTy YIIIH jKaHa
TEXHOJIOTUsIapbl NaljaNany TUIMAUITIH apTThIpyFa 00Jajbl, OipaK TEXHOJIOTUSHBIH Oap JeHreil
JOCTYPJIl SHEPT Ul KO3/IepiH Maiijananyaad 0ac TapTyFra MYMKIHJIIK OepMen/Il.

Kerexmi ennepain [lapmx kemiciMiHEe KOJ KOIOBIHBIH HOTHXKECIHIE OJIEMIIK 3KOHOMHKA
xahanaplk KpUIbIHYABI Llenbcuii GolibiHIIa 2 rpaayc HIeTiHAE ycTayFa YMThUIyZAa, OJl YIIIH
JeKapOOHU3AIMSIHBIH MAaKPOTPEH/IIH KAJIBIITACTHIP/IBI )KOHE COJI apKBLTBI IKOHOMHUKAJIBIK JTaMyIIbIH
xaHa TpaektopusiceiH Oenruteni. Eypomansik Omax 2025 sxputFa Kapall atmocdepara 3usHIbI
HIbIFapbIHAbUIap OoibiHIIa Eypo-7 3KONOTUSIBIK CTaHAAPTHIH €HT13Y/1 KO3A€M OThIPFaHbl OeJrii.
byn cranpmapt caryra, colikeciHIe IIITEH >KaHATHIH KO3FAJNTKBIILITAphl Oap aBTOMOOMIIbIEp.I
LIBIFApyFa THIMBIM CallyFa OKele/Il.

Cyreri Taza »3HEprus TachIMAJIAYIIBICHI PETIHAE OKOJOTHUSHBIH ©3€KTI MOceleepiH
HEFYPJIBIM YTBIMJIBI IIENTyre MYMKIHIK Oepe/ii: TapHUKTIK ra3jaap MeJIIEpiH a3anTy, KaaaaapabliH
JACTAHYBIH JKOHE MyHal HETBIHAET1 OTBIHFA TOYENIUTIKTI azaiTy. ©O3 eHmipicTepiMmis, o3
ozipiemenepiMi3, ©3 FBUIBIMBIMBI3 KakeT ekeHi Oenrimi Oomapl. 2020 sxbpurbl 27 MaMbIpiaa
Kazakcran Ilpesunenti Koramabik ceHiM ¥aTTHIK KeHECIHIH OTBIPBICHIHAA «KYII-KIrep MEH
pecypcrapipl  MEQUIMHANBIK-OMOJIOTHSUIBIK ~ 3€pPTTEy,  arpOOHEPKACINTIK  FBIIBIM,  KacChLI
TEXHOJIOTUSIAP,)KACaHIbl MHTEIIEKT, SHEpPrus TUIMALIIN CUSKTBHl canajapra OarbITTay KaKeT»
el

Kannplkrapra HerizenreH TEXHOJIOTMsIap, aTan alWTKaHAa TYPMBICTBIK aFbIHABI CyJap,
MOJIMTOH/IAPJIaFbl KATThl KAJABIKTAp JKOHE >KaHyapiapAblH KOHI CHUAKTbI OpPTYpPJl KaJAbIKTapibl
aHa’pOOTHI AIBITY COHFBl OHXKBUIABIKTapAA IUKI OMora3 JeMn aTtajaThlH MeTaHFa Oail ra3 eHzipyze
MaHbI3/1bl POJI aTKAP/IbL.

buora3 kypameinna HerizineH CHgs xone CO2 Gap. backa kocmanapablH KOHLEHTPALMSCHI
IIMKI3aTKa OaljaHbICThl e3repeni. TuicTi eHAeydeH KeWiH Ouorasabl JKbULy MEH JJIEKTP
SHEPIUACHIH OHJIpYyre, COHali-aK 0acka Jla SHepreTUKaJIbIK MaKcaTTapFa naiiananyra 60sabl.

JlerenMmen, muki OuorasneiH 0acka KosnaHOanmapblH TaOyFa KbI3BIFYIIBUIBIK apThIN Kelell.
byn xonpanGanmapra MblHamap KaTajbl: SKOJIOTHSUIBIK Ta3a, TYPaKTbl >KoHE Oanama OHOOTBIH,
COHJIal-aK ©HEepKacill YIIIH MaHbI3[bl XUMUUIBIK 3arTapisl, mbicanbl, CHs xone CO: Tikenei
naiiianaHyra YChIHBUIFaH Kyprak puopMHUHT ynaepictepi apkpuibl cuHTe3-ra3 (CO+Hz) amy yurin
Ouoraszpl MMKI3aT peTiHAe KonjgaHy. CHHTe3-Ta3 OpraHMKajblK CHHTE3JIH KYHAbI Ke31 OOJIbII
TaObUIabl KOHE aMMHaK, METaHOJ], TUMETUI 3(Hpi, CipKe KbIIMIKBUIbI, >KOFApPbl MOJEKYJAJbIK
CIHUpPTTEp MeH anpiaeruarep, Pumep-Tpommr CHHTE31, OKCOCHMHTE3 *oHE Oacka Ja ayKbIM[bl
yAepicTep YIIiH OacTamnkpl MIMKI3aT PETIHAE KOJIJaHbLIAIbI.

OcbliraH GailylaHbICTBI, OYJI FBUIBIMH JKYMBIC KOPIIAFaH OPTaHbl KOPFay YIIIH MaHbI3/Ibl, OHbIH
HOTIDKeNepl arMocdepara MapHUKTIK razjgap LIbIFApBIHABIIAPBIH a3alTyFa, COHAAN-aK oOJap/bl
*aHa OybIH OTBIHAAPBIH CUHTE3/ley YIIIH MaijanaHyra MyMKiHAIK Oepexai. ©nerre, yaepic
OeJICeHIUTIKKe, CeNEeKTUBTUIIKKE, TYPAaKThUIBIKKA M€ JKOHE ap3aH KaTalu3aTopiiapisl MaijganaHy
apKbUIbI JKY3€Tre achIpbliIa/ibl.

3eprreyain Makcarrapsl MeH MiHaerTepi. JKyMBICTBIH MakcaTbl AKOJIOTHSJIBIK Ta3a



METaHHBIH KYPFaK pUGOPMHHIT MEH OHOTa3ablH MOJENbAIK KOCMAChl YIIIH KaTalu3aTOpJapiblH
TUIMII TEPMUSUIBIK TYPAKThl KypaMIapblH d3ipiey, peakIusuIapAblH OHTAWJIBI JKaFaaiIapblH,
KaTajau3aTopiapJblH (U3NKA-XUMUSUIBIK CHUIATTAMANIAPBIH OJIICTEp KEIICHIMEH AaHBIKTAy KOHE
OJIap/IbIH KaTaJH3AIK KaCHeTTepMEH OaiiJIaHbICHIH OPHATY OOJIBIN TaObLIAIbI.

MakcaTKka ®eTy YIIiH )KYMBICTBIH KeJleci MIHIETTep1 YChIHBIIFaH:

- Katanusaropnap cuHTe31 ayaga AoCTYpIIi 9MICIMEeH CIHIPY, COHIal-aK 3aMaHayu epiTiHmiae
XKaHy OJIICIMEH 3epTTey JKOHE OJapIblH KAaCHETTEPIH METAaHHBIH KYPFaK PHQPOPMUHT YICpiCiHIe
CAJIBICTBIPY;,

- IllmkizaT meH SHEPrUsSHBI YTHIMIBl TMAWTATAHY JKaFdalblHIAA OHIMHIH MaKCHMAJIIbI
IIBIFBIM/IBUTBIFBIH TyFa MYMKIHZIK OepeTiH mapamerpiepi (TeMieparypa, KoJeMIiK KbIIIaMIbIK,
peaknys KOCHACHIHBIH KOMIOHEHTTEPIiHIH KaTBhIHACHI, OeliceHIi (a3aHblH Kypambl KOHE
AJIEMEHTTEP/IIH KaThIHAChI) ©3repTy apKblIbl METAaHHBIH KYpFaK pUGOPMUHT YAEPICIHIH OHTAIJIbI
IIapTTapbIH AHBIKTAY;

- Y3aikci3 pexiMJIeri KaTanu3aiK KyhenepaiH OeJICeHALTII MEH TYPAKThIIbIFbIH aHBIKTANTHIH
(dakTopiap/ipl aHBIKTAY MaKCaTbIHAAa (U3NKA-XUMUSJIBIK SICTEp KEIIEHIMEH KaTajlu3aTopiap.iblH
KaCHETTEpIH 3epTTey;

- Katanuz ik pudopMUHT yAEpICiHIE KaTalu3aTopiaapIblH OICEHUIINT MEH TYPaKThUIBIFBIH
3eprrey;

- KaramuzaropnapaelH (U3HKa-XUMUSIIBIK JKOHE KaTaIM3IK KacHeTTepl apachIHIaFbl
0aliJIaHBICTHI AHBIKTAY.

3epTTey 00BEKTiIEPi: MeTaH, KOMIPTEK KOCTOTBIFBI, CHHTE3-Ta3, BUIFA CHIHBIM/IBLIBIFGI
OOMBIHILIA CIHIIPY KOHE EPITIHII/IE KaHy d/licTepiMeH JalbIHAaIFaH KaTaau3aTopiap.

3eprTey moHi: cyreri Oap OTBHIH KOCHajJapblH ajy YIUIH METAHHBIH KaTaJu3[iK KypFrak
pudopMHHTi (OMOTa3IbIH KaTaIU3IiK KOHBEPCHSICHI).

3eprrey omictepi. JlalibiHoanFaH KaTalu3aTopiiap aBTOMATTAHIBIPBUIFAH CTallMOHAPIIBIK
KOHJBIPFbIAA ChIHANbL. JlalibIHAAMFaH oHEe MalfalaHblUIFaH KaTajlu3aTopiap peHTreHOo(a3albIK
tangay (POT), skapeIKTaHABIPYIIBI 3JIEKTPOH A6l MUKpOCcKomus (IT9M), ckaHepieyIiri 3JeKTPOHIBIK
mukpockornusi (COM) skone bpynaysp-Ommer-Temnep (bBOT) apkbutbl 3eprrenmai. Jlalbiaganran
KaTaju3aropjap CyTeriMeH TeMIleparypaislK Oarmapiamananran TOThIKChI3mauabipy (TBTC),
KOMIPKBIIIKBUT Ta3bIMEH >KOHE aMMHAKIeH TEeMIIepaTypajblK OarjapiiaMaiaHfaH JIecopOLUsIMEeH
(TBM), Tex KaHa MaiifajgaHbUIFaH Karaju3artopiap. TepMmorpaBumMeTpusuiblk Tanmay (TI'T),
OTTETIMEH TeMIiepaTypaibik 6arnapiamananrad TOTeIFy (TBT), CHNS Tanmaybl apKbUIbI 3€pTTENII.
Bactankpl ra3 Kocnacel MeH peakius eHiMepi ra3 xpomarorpadbeiasiy (I'X) kemMeriMeH TamgaHapl.

Koprayra ycCbIHBbLIIFAaH 3epPTTEYAiH Heri3ri HITHKesdepi (Jdj1e/IeHreH FbUIbIMU
TUII0TEe3AJ1ap KIHe KaHa OLTiM 00J1bIN TAOBLIATHIH 0aCKA KOPBITHIHABLIAP):

1. MeTaHHBIH KOMIPKBIIIKBII Ta3bIMEH KOHBEPCHUSCHI JKOHE OMOTa3JblH PUQPOPMHUHIT YIIiH
epITIHIiAe J>KaHy OiCIMEH JaiblHIaNFaH OHTAWIbl KypamJibl —KaTalu3aTtopiiap >KOFapbl
OenceHAUTIKTI KepceTTi. bys OenceHAuTiK KaTtaauzatopiaapisl CUHTE3[ey OapbiChiHAa OacTarkbl
epITIHIIHIH KaHy 9ICIH KOJIAHYIbIH HOTHIKECIHJE, >KOFAaphl JUCIEPCTI MaTepHalgap abIHbII,
15Ni-35A1 yiricinge NiAlpOs mmwmuem, 15Ni-5Fe-30Al1 ynricinge NisFe KopeITHacel »koHe
NiAl,Os wmunHemi, an 15Ni-15Ce-20Al1 yuricinme CeAlO3 mMepOBCKHUTIHIH KaabIITACybIMEH
tycingipineni. 800°C temneparypaga 15Ni-35A1 xone 15Ni-5Fe-30Al karanusaropiapsl yuIiH
ColiKeciHIlle MeTaHHBIH KOHBepcHschl 74% xoHe 88%, an CO2-HiH koHBepcusichl 95% sxone 93,6%
Kyparanbl kepcetinai. 850°C temneparypana 15Ni-15Ce-20Al yarinepi yuiin metad MeH CO2-HiH
TYpJIeHy MoHI calikeciHie 90% 6obl.

2. SCS-xarammuzatopsl 15Ni-15Mg-20Al e3 OencenniririMeH CiHAipy oAICIMEH CHHTE3AEIMN,
’orapsl aucrepceritikke ue 12%Ni-5.6%Mg/y-Al203 kanmbiHa KeNTIPUITeH YITIiCiHEH achIl TYCTI.
By Meran MeH TachIMalJaFbIll apachlHIAFbl KYIITI OaiiiaHbIicKa OalIaHbICThI, OJ1 KaTaIU3aTOPIbI
KaJIIbIHA KEeNTIPY YAEPiCiH KUBIHAATAIBI.

3. Epitinaine kaHy oficiMeH JalbIHAANFaH KaTaau3aToOpJiapAarsl IIMUHEIbASP MEH METalll
HUKENbIH Oenrini 6ip KOKC TYpiHiH Ty3utyinzeri peni anbikTanisl, Oyn POT, TBT, TI'T xone
CHNS omicrepiMmen ponmenaenai. bencennmi  15Ni-15Mg-20Al1  katamuszatopeinma  590°C



TeMIIepaTypaaa TY3UIETiH, YIITapblHAAa HUKEIh Oemmiekrepi Oap il Topi3ai KeMIPTEKTIH a3 FaHa
Meumepi Oap. MyHnmalh KeMipTeKTiH OO0Jybl O3IpJIEHTeH KaTaau3aTopiapiblH OeICeHIUTINH
TOMEHJICTICHII.

4. 15Ni-5Fe-30Al, 15Ni-15M-20A1 (M = Ce, La, Mn, Mg) xone 12%Ni-5.6%Mg/y-Al2O3
Karajau3aTopiapeiHaa Temmeparypanbl  600°C-ka gmediH  KaliTa TOMEHJCTKCHHEH KEHIHTi
TeMIepaTypalblK LUKINEY Ke3iHJe aWTapiblKTail arjomepanusi OalikanMazpl, OUTKeHI Oy
KaTaJm3aropiap OelICeHALTIrH )KOFaITKaH KOK.

FouabiMu  skaHadbIK. MeTaH MEH KOMIPKBIIIKBUI Ta3blHAH J>KOHE OWOTra3[blH  YITUIIK
KOCIAChIHAH CHHTE3-Ta3/bl aly YIIIH BUIFAJ CHIABIMIBUIBIFBIMEH CIHIIPY JKOHE epITIHAIAC KaHy
apKbUIBI TAiibIHAAIFaH JKaHa OeJICeH Tl, THIM/I1 )KOHE TePMOTYPAKThI KaTaIu3aTopiaap 93ipJieH 1.

- Anram pet epitiHaiae kaHy apkputbl gaibiHganran 15Ni-15Mg-20Al katann3atopbIHBIH
MAacCHUBTI eMec, Olpak >Kil TOpi3/al KeMIpTEeK MeH OHBIH YIITApPhIHAA OCJICeH]II METAJUIIBIH Iaiia
OOJYBIHBIH HOTHXeCl OOJbIN TaObUIATBIH TYPAKTBUIBIFBl YAEPICTIH OHTAWIBl JKarAaliapbIHAA
OpHATBUIBI.

- Anram per Kypambiaaa NisFe kopeitnacel meH NiAl,O4 mmuneni anpikranran 5% Fe Oap
15Ni-5Fe-30A1 kartanmuzatopel akTuBTI emec ImmuHenb FeAlOs4 Ty3imyi MeH OemekTepaix
Meuiepi yiraitobl oenriieHred Fe/Ni KaTbiHachl dOFaphbl YITUIEpPMEH CaJIbICThIPFaHa aHaFYPJIbIM
aKTHBTI €KE€H1 aHBIKTAJIIEI.

- MeTaHHBIH HUKEIbMEH aKTUBTEHYIMEH, COHJai-aK KOMIPTEKTIH Ty3UTyl MEH HHKEIh
OemmeKTepiHiH Oipiryl MarHuid aIFOMUHATHIHBIH KOMETIMEH TeKETyIMeH OallIaHBICTHI 3€pPTTENICTIH
KaTaJu3aTopiapAblH TYPaKThl JKYMBICBIHBIH MAaHBI3[IBI Kypamjac Oesiri OoJbIll  TaObLIATHIH
ToTEIKChI3ManFal Ni’ jkoHe MeTangap/blH OKCHATI TypiepiHiH (IIMHMHENbAEp, TEPOBCKUTTEP) Oip
Me3TuIe O0Tybl aHBIKTAJIbI.

- KaranuzaTopnel CciHuipy omiciMeH MaibIHAAY IIUKI3ATTHIH KOHBEPCHUSCHIHBIH YKOHE CYTEri
IIBIFBIMBIHBIH YKOFAPhl MOH/IEP1 AJIBIHATHIH €PITIHIIET] )KaHYy S/[ICIHEH TOMEH €KeHIIr' KOpCeTUIIi.

- AJFamn peT YIITapbhlHAAa aKTHUBTI HUKENb OemekTepi Oap Karamu3atopiapia XKim Topi3ii
KOMIPTEKTIH O0O0JIybl KepceTuIreH. MyHmall KeMIpTEKTIH OOJIybl KaTaau3aTopiap/blH aKTHBTLIIMH
TOMEHAETIIE .

- JlaiiplHAanFaH KaTaluM3aTtopiiapia KypamblHAa CyTeri 0ap SKOJOTUSJIBIK Ta3a OTBIHFA
METaHHBIH KYPFaK oHe Onoras/ibl pu(OpMUHTUIEPIH KYPri3y jKaFaaiiapbl OCITUICH .

- JlalisiHnanraH KaTaau3aTopAblH KypaMbl naiaansl moaensre KP 2 maTenTiMen KoprairaH.

JuccepTanusiHbIH NMPAKTHKAJBIK MAaHBI3ABUIBIFBL. JKYpri3uireH Ttanjgaynap HeTI3iHe
MeTaH MEH OMOTa3/blH Y1 KOCIAChIHAH CUHTE3-Ta3/lbl CEJIEKTUBTI aly YIIIH TEPMUSIIBIK TYPaKThI
KaTajau3aTopiap CUHTE3IeNIl.

JKana twimai kaTanm3aTopiiapipl, COHIa-aK METaHHBIH KYpFakK JXoHe Ouora3 pudOpMHHTI
YAEpICTepiHJe CHUHTE3-Ta3Abl ANTyAbIH OHTAMIBl TEXHOJOTHUSUIBIK IMIAPTTAPBIH J3ipiey MyHai
XUMUSICBIHA, COHJAii-aK ipreni kaTtanusre yiec Oounbin TaObuiafbl. COHBIMEH Kartap, 3eprrey
HOTH)KENEPIHIH MPAKTUKAIBIK MaHBI3AbUIBIFBl SKOJOTHSUIBIK Ta3a CHUHTE3-Ta3/bl ally YIIIH achul
MeTanuapapl  MaiAanaHychl3  ap3aH  KaTalu3aTopiiapAbl  KOHE  KYHABl  CHHTETHKAJIBIK
TackIMalayIIbUIapbl Naiiaanany 0oibIn Tabbutagel. AiiTa KeTy Kepek, y3aK Mep3iMJIi alJiblH aja
TePMUSUIBIK ~ OHZEYyAl (2 caraTThIK KeNTipy JKOHE S5 caFaTThIK  KbI3JbIPY) KaMTUTBIH
KaTajau3aTopiapasl JalbIHAAYABIH IOCTYpJi OSHICTepIMEH CaNbICTBIPFaHIa, 3€pPTTENeTiH YAepic
allTapiplKTaii ap3aHbIpak, Oyl KaTramu3aTopiapibl KOFapbl TemrepaTypaaa OHJIEyIl KaxeT
eTrnecTeH OipHelle MUHYT IilIiHAE AalblHAy Ke31HAe SHEprusl LIbIFBIHAAPBIHBIH TOMEH[eYiHe
OKeJe/Il.

HoTu:xesiepain skapamMabLIBIFBI MeH ceHimMaiiri. Hotmwxkenep cenimai, ce6ebi ChIHaKTap bl
OTKI3reH Ke3/le ChIHaMasap bl Tajay/AblH OlpHelle peT KalTalaHybl )KYpri3uil.

TakbIpHINTHIH FBLIBIMH-3€PTTEY JKYMBICTAPbIMEH JKIHE MeMJIeKeTTIiK
oarnapaamanapMmen Oaiiianbicbl. JKymbic KP BFM  kapkbutanabIpaThIH KeJleci TI'PaHTTHIK
xobanap meHOepinae opoeiHAanab: AP08855562 «3KOIOTHSIIBIK Ta3a KOFaphl TUIM/I1 OTBHIHIAPIbI
o3ipiey YIIIH KaHAPTBUIATBIH TAaOWFM IIUKI3aT — OHMOTa3/pl KaTaau3diK pU(OPMHUHITIH ipremi
acrekTuiepiH nambITy» (MemiiekeTTik Tipkey NeO120PK00479, 2020-2022 sxok.); AP08052090



«baranel Tayap eHIMJAEPIH CHHTE3/IEy YLIIH PETTEeNeTiH Kacuerrepi Oap Karanu3nik Kyienepmi
Kypy» (MemiiekerTik Tipkey Ne 0120PK00141, 2020-2022 xok.); AP14869966 «Annarel kemipreri
OeliTapanThIFbIHA KOIIY YIIIH «KOK» CYTEKTiH KaTaJu3IiK CHHTE3JIEPiHIH TEOPHUSIIBIK acleKTUIepiH
naMbITy» (MemiekerTik Tipkey Ne 0122PK00561, 2022-2024 xok.); AP19677006 «buoctupt —
OMOMETaHOJI,0MO3TAaHO JKOHE OHMONPOMAHON HETI3IHJeri >KaHAPTBHUIATHIH MIMKI3aTThl Oarajbl
ra3MyHalxuMusi OHIMJIepiHe KaTanu3aik enaey» (MemiekerTik tipkey Ne 0123PK00259, 2023-2025

ZKYMBICTBIH NPAKTHKAJBIK HITH:KeJepiH Oekity. /luccepTranusHblH HETi3T1 HOTIKENepi
XaJnblKapanblK KoH(pepenuusuiapaa yesiabuiasl: Chemical technologies of functional materials:
Proceedings of the VII International Russia-Kazakhstan scientific-practical conference,
HoBocubupck, Peceii; 28-30 coyip, 2021, Chemical technologies of functional materials:
Proceedings of the VIII International Russia-Kazakhstan scientific-practical conference, 28-29
anpens, 2022, Hoocmbupck, Peceit, 24" Conference on Process Integration, Modelling and
Optimisation for Energy Saving and Pollution Reduction - PRES21, 31 ka3zan — 3 kapama 2021,
BpHo, Yex Pecmy6nmkacer; 26" International Congress of Chemical and Process Engineering
CHISA 2022, 21-25 tambi3, 2022, [Ipara, Uex Pecniyonukacet; International scientific and practical
conference «Modern problems of development of fundamental and applied chemistry and
technology of low- and high-molecular compounds in solving industrial and environmental
problems», dedicated to the 70" anniversary of the honored Kazakh scientist, professor,
academician, member of the American Chemical Society Jumadilov T.K., mambip 2022, AnmaThl,
Kazakcran; IV International Conference and School of Young Scientists «Advanced High Entropy
Materials”, 26-30 xwipkyiiek, 2022, Yepnorosnoska, Peceii; Chemical technologies of functional
materials: Proceedings of the IX International Russia-Kazakhstan scientific-practical conference,
25-27 wmawmbip, 2023, Hosocubupck, Peceit; International Conference «Current problems in
catalysis», 25-29 centsi0ps, 2023, Kues, Ykpauna; V International Conference and School of
Young Scientists «Advanced High Entropy Materials», 9-13 oxrs6ps, 2023, Caukt-IlerepOypr,
Peceit, 15" European Congress on Catalysis. ITpara, Uex Pecriyomnukacsr; 27 TaMbI3 — 1 KbIpKYiieK,
2023, 28™ North American Catalysis Society Meeting NAM28, 2023.

Kapusnanpivaap. JluccepranusuiblK — KYMBICTBIH — HETI3T1  HOTWKeepl  OipieckeH
aBTOPJIBIKIICH 22 0achLIBIM/IA KapHsUIaH kI, OHBIH imIiHae: Scopus xoHe Web of Science nepexrep
KOpBIHA EHTI3UINeH XaJlbIKapajblK FRUIBIMU OachlibiMIapaarsl 5 makana; Kazakcran PecryOmnukacsl
Frutbim koHe skoFapbl OUTIM MUHHUCTPIIITiHIH FBIIBIM JKOHE JKOFaphl OUTIM CallachIHIAFbl CallaHbl
KaMTaMachl3 €Ty KOMHUTETI YCBIHFaH > KypHajJapJarbl 3 Makajiaja; XaJblKapajiblK FbUIBIMU
KoH(pepeHusu1apably 12 sxuHarbIHIa. BipiaeckeH KyMBICTBIH KOPBITBIHIBICH OoiibiHIIa KazakcTan
PecniyOnukacheIHbIH Naiiiaasl MoieIiHe 2 TaTeHT albIHIbL.

ABTOpPABIH :KeKe YyJeci, KapusJaHbIMAAPbI KIHE KYMBICTBIH NPAKTUKAJIBIK
HoTHuKesIepin chiHay. «Dry reforming of methane over Ni-Fe-Al catalysts prepared by solution
combustion synthesis» »xone «Dry reforming of methane over rare-earth metal oxide Ni-M-Al (M
= Ce, La) catalysts» makamanapeinga (Industrial Engineering Chemistry Research 2023, 62(29)
xoHe 62(48), 11439-11455 xone 20588-20607; ISSN: 0888-5885. Q1 Scopus/WoS CiteScore 6,6
IMpouentunr 81%) Manabaea A.M. OipiHIII aBTOPBI KOHE COHKEC aBTOPHI OOJBIN TaObLIAIbI.
YMmiTkep OapiblK SKCHEpUMEHTTEpre, HOTIDKEIEpHl TYCIHAIpYre *oHe KIpICIeHIH, 9AICTEMEHIH,
HOTHIKENEP/IiH, KOPBITHIHIBIHBIH JKOHE TI'paUKTEp/iH CUNATTaMachlH KaMTUTBIH >KYMBICTBIH
OacTtankpl jxko0amapblH JaiibiHnayra yiec KocTbl. COHBIMEH Karap, OJ MakKaJlaHbl >KypHal
TaJlanTapblHAa COMKeC MIIIIMIEYre J>KOHE HIONYAbIH opOip Ke3eHIHEeH KeWiH OHBl JKakcapTyra
KATBICTHI.

«Dry Reforming of Methane over Mn-modified Ni-based Catalysts» makanaceiaga (Catalysts,
2024, 4780-4794. Q2 Scopus/WoS Citescore 5.4, Iponentunp 68%) ManabGacBa A.M. GipiHmi
aBTOpBl JKOHE COWKeC aBTOpHI OOJbIN TaObLIAaAbl. YMITKEp OapiblK HSKCHEPUMEHTTEpre,
HOTHKENep/li TYCIHAIpYTe KOHE KIPICTEeHIH, 9MICTEMEHIH, HOTHXKEJIEeP/iH, KOPBITHIHABIHBIH JKOHE
rpadUKTepIH CHUIIATTAMAChIH KAaMTUTBIH JKYMBICTBIH OacTamkpl >KoOalapblH JalbIHIAyFa Yyiec
KocTbl. COHBIMEH KaTap, 0J1 MaKaJlaHbl YpHaJ TalanTapblHa CoKeC MIIMIEYyre KoHe HIOTYAbIH



opOip Ke3eHIHEeH KeWiH OHBI )KaKCapTyFa KaTbICTHI.

«Mg-modified Ni-based catalysts preparation by the solution burn synthesis for dry reforming
of methane» maxkanaceinaa (Catalysis Today, 2025, 115261-115275, Q1 Scopus/WoS CiteScore
11.5, Percentile 89%) ManabaeBa A.M. OipiHIIi aBTOp pETiHIE 3epTTEyre YyJec KOCThI, OapIIbIK
KaTAIMTUKAIBIK ChIHAKTAPIbl SKYPri3im, HOTWKenepAi wuHTepnperauusiagsl. CoHpal-ak, o
KOJDKa30aHbIH ~aJFalllkbl HYCKAChIH JalbIHZIAI, Kipicliere apHaJFaH CUITeMeNepli JKHHAI,
rpaduKTep MEH HOTWXKENEpIiH CHIaTTaMachlH Xa3abl. Kopraymibl KeTuraipy KyMbICTapbiHA
KaTBICTHI.

«Effect of Ce promotion on catalytic activity of Ni-Al catalysts in dry reforming of methane»
makanaceiiga (Combustion and plasmochemistry, 21(4): 249-255, 2023), OipiHiii aBTOPEI
ManabaeBa A.M. CoHbIMEH Karap, YMITKep J>KypHaJ TajlalTapblHA COMKeC MaKajajapIbl
OeseHipyre, KypHajjapra Makajiajnap Xioepyre XoHE pEIEH3USHBIH OpOlp Ke3eHIHEH KeiH
MaKayajgap/abl Kaiita Kapayra KaTbICTHI.

JuccepranusiibiH KYpbLIbIMBL. [luiccepramus KipicneneH, 3 TapayaaH, KOPBITBIHIBIIAH
KOHE TIalijallaHbUTFaH oiedbueTTep TiziMiHeH Typanabl. Juccepramms 137 Gerre Oepimim, 35 kecte
MmeH 60 cyperreH Typaspl. bubmmorpadus 251 nepekkes i KaMTHIBI.
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