Written review by an official reviewer for the dissertation work of Manabayeva Alua Muslimovna on the topic “Development of the

environmentally friendly catalytic reforming of renewable natural raw materials — biogas for production of modern highly efficient hydrogen-

containing fuel mixtures”, submitted to fulfill the requirements for the Doctor of the Philosophy (Ph.D.) degree
in the specialty 8D07107-Petrochemistry

No. | Criteria Eligible (check one answer option) Justification of the official reviewer’s position
I The topic of the | 1.1 Compliance with priority areas of scientific | The work has compliance with government strategy named “Hydrogen energy”
dissertation (as | development or government programs: confirmed by President in 2024. The main goal of this program is to produce
of the date of its hydrogen from hydrocarbons and other sources and convert it to the energy.
approval) 1) The dissertation was completed within the A thesis was carried out within the framework of the state grant funding and
corresponds to framework of a project or target program was financed by the Ministry of Science and Higher Education of the Republic
the directions of | financed from the state budget (indicate the of Kazakhstan for the following projects:
scientific name and number of the project or program) 1) AP08855562 “Development of fundamental aspects of catalytic reforming of
development 2) The dissertation was completed within the renewable natural raw materials - biogas for the development of
and/or framework of another state program (indicate environmentally friendly, highly efficient fuels™ (state registration No.
government the name of the program) 0120RK00479, 2020-2022);
programs 3) The dissertation corresponds to the priority 2) AP08052090 “Formation of catalytic systems with controlled properties for
direction of scientific development approved the synthesis of valuable commercial products” (state registration No.
by the Higher Scientific and Technical 0120PK00141, 2020-2022); 3) AP14869966 “Development of theoretical
Commission under the Government of the aspects of catalytic synthesis of “blue” hydrogen for the upcoming transition to
Republic of Kazakhstan (indicate direction) carbon neutrality” (state registration No. 0122RK 00561, 2022-2024); 4)
AP19677006 “Catalytic processing of renewable raw materials based on
bioalcohols - biomethanol, bioethanol and biopropanol into valuable gas and
petrochemical products” (state registration No. 0123RK 00259, 2023-2025).
. Importance for | The work does/does not make a significant The work makes a significant contribution to science and its importance is well
science contribution to science and its important is/is disclosed.
not well disclosed
3. The principle of | Level of independence: The work showed high independence of an author. Candidate found the
independence 1) High; catalysts with high catalytic activity for dry reforming of methane, conducted
2) Average; several physicochemical analyses of the catalysts. All of these contributions
3) Low; confirm high level of preparation and independence in research.
4) No independence.
4. The principle of | 4.1 Justification of the relevance of the The relevance of the work is completely justified by the solving the ecological




internal unity

dissertation: problems of utilization of greenhouse gases through dry reforming of methane
1) Justified; to obtain hydrogen containing fuel mixtures.

2) Partially justified;

3) Not justified.

4.2 The content of the dissertation reflects the
topic of the dissertation:

1) Reflects;

2) Partially reflect;

3) Does not reflect.

The content of the dissertation reflects the topic of the dissertation. The topic of
the dissertation is disclosed in the literature review and experimental research
sections.

4.3 The purpose and objectives correspond to
the topic of the dissertation:

1) Correspond;

2) Partially correspond;

3) Do not correspond.

The purpose and objectives correspond to the topic of the dissertation. The goal
of the dissertation is conducting reforming of model biogas to produce synthesis
gas. The goal was completely achieved.

4.4 All sections and structure of the dissertation
are logically interconnected:

1) Completely interconnected;

2) The relationship is partial;

3) There is no relationship.

All sections and provisions of the dissertation are logically interconnected. The
structure of the dissertation is linked to the purpose. In the literature review the
selection of the metals in the catalysts was justified. In the experimental section
it was confirmed by the quantitative data.

4.5 New solutions (principles, methods)
proposed by the author are reasoned and
evaluated in comparison with known solutions:
1) There is critical analysis;

2) Partial analysis;

3) The analysis does not represent one’s own
opinions, but quotes from other authors.

The author developed new highly active catalysts and conducted comparative
analyses using the results from other references.

The principle of
scientific
novelty

5.1 Are the scientific results and provisions
new?

1) Completely new;

2) Partially new (25-75% are new);

3) Not new (less than 25% are new).

The scientific results and provisions are new. Author prepared catalysts by
solution combustion synthesis, which is not well abandoned method. Author
found optimal compositions of the catalysts and reaction conditions, and
justified provisions.

5.2 Are the findings of the thesis new?
1) Completely new;

The findings of the thesis are new. The findings were written according to the
scientific results reported in the experimental section and are completely new.




2) Partially new (25-75% are new);
3) Not new (less than 25% are new).

5.3 Technical, technological, economic or
management solutions are new and justified:
1) Completely new;

2) Partially new (25-75% are new);

3) Not new (less than 25% are new).

Technical solutions are new and justified. The developed catalysts and results
are new.

Validity of the All main conclusions are/are not based on All main conclusions are based on scientifically sound evidence or are
main scientifically sound evidence or are reasonably | reasonably well substantiated.
conclusions well substantiated (for qualitative research and
areas of training in the arts and humanities).
Main provisions | It is necessary to answer the following
submitted for questions for each provision separately:
defense 1. Catalysts with the optimal composition, This position is proven in section 3.1.2 (Figures 7 (p. 53) and 18 (p. 62)).

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 NiAl>Oj 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-
SFe-30Al catalysts, the methane conversion at
800 °C was 76% 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%.

7.1 Is the position proven?

1) proven;

The results are reflected in the article: “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” in the
Journal of Industrial & Engineering Chemistry Research (Q1, percentile 81%).




2) rather proven;

3) rather not proven;

4) not proven.

7.2 Is it trivial?

1) yes;

2) no;

7.3 Is it new?

1) yes;

2) no.

7.4 Application level:

1) narrow;

2) average,;

3) wide;

7.5 Is it proven in the article?

1) yes;

2) no.

2. The SCS 15Ni-15Mg-20Al catalyst showed
higher activity compared to the reduced sample
12 wt.% Ni-5.6 wt.% Mg/y-AlbO3 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.
7.1 Is the position proven?

1) proven;

2) rather proven;

3) rather not proven;

4) not proven.

7.2 Is it trivial?

1) yes;

2) no;

7.3 Is it new?

1) yes;

This position in section 3.2.2 (p. 111, paragraph 2).

The results are reflected in the article: Mg-modified Ni-based catalysts prepared
by the solution combustion synthesis for dry reforming of methane in the
journal of Catalysis Today (Q1, percentile §9%).




2) no.

7.4 Application level:

1) narrow;

2) average;

3) wide;

7.5 Is it proven in the article?

1) yes;

2) no.

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-20A1
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.

7.1 Is the position proven?

1) proven;

2) rather proven;

3) rather not proven;

4) not proven.

7.2 Is it trivial?

1) yes;

2) no;

7.3 Is it new?

1) yes;

2) no.

7.4 Application level:

1) narrow;

2) average;

This position is in section 3.2.2 (Figure 37d (p. 87) and p. 97, paragraph 2).

The results are reflected in the article: Mg-modified Ni-based catalysts prepared
by the solution combustion synthesis for dry reforming of methane in the
journal Catalysis Today (Q1, percentile 89%).




3) wide;

7.5 Is it proven in the article?

1) yes;

2) no.

4. No significant sintering was observed in the
15Ni-5Fe-30Al, 15Ni-15M-20A1 (M = Ce, La,
Mn, Mg) and 12 wt.% Ni-5.6 wt.% Mg/y-Al,03
catalysts during temperature cycling after the
temperature was returned back to 600°C, since
the catalysts did not lose activity.

7.1 Is the position proven?

1) proven;

2) rather proven;

3) rather not proven;

4) not proven.

7.2 s it trivial?

1) yes;

2) no;

7.3 Is it new?

1) yes;

2) no.

7.4 Application level:

1) narrow;

2) average;

3) wide;

7.5 Is it proven in the article?

1) yes;

2) no.

This position is in sections 3.1.2, 3.2.2, 3.3.2, 3.4.2 (Figures 18c, d (p. 62); 35a-
d (p. 82); 46a-d (p. 101); 59 (p. 112)).
The results are reflected in the articles shown above and: “Dry reforming of

methane over Mn-modified Ni-based catalysts” in the journal of Catalysis
Letters (Q2, percentile 68%).

Principle of
reliability
Reliability of
sources and
information

8.1 The choice of methodology is justified or
the methodology is described in sufficient
detail:

1) yes;

2) no.

The methodology of the work is described in sufficient detail in the
experimental section. It includes a description of the used chemicals for
preparation of catalysts and model biogas consisting of methane, carbon dioxide
and argon.




provided

8.2 The results of the dissertation work were
obtained using modern methods of scientific
research and techniques for processing and
interpreting data using computer technologies:
1) yes;

2) no.

The results of the dissertation work were obtained using modern methods of
scientific research and techniques for processing and interpreting data using
computer technologies.

8.3. Theoretical conclusions, models, identified
relationships and patterns are proven and
confirmed by experimental research (for areas
of training in pedagogical sciences, the results
are proven on the basis of a pedagogical
experiment):

1) yes;

2) no.

Theoretical conclusions, models, identified relationships and patterns are
proven and confirmed by experimental research.

8.4 Important statements are confirmed/
partially confirmed/ unsupported by the
references to current and reliable scientific
literature.

Important statements are confirmed by the references to modern and reliable
domestic and foreign scientific literature.

8.5 The literature sources used are/are not
sufficient for the literature review.

The list of references contains 251 sources, which is sufficient for a literature
review.

Principle of
practical value

9.1 The dissertation has theoretical
significance:

1) yes;

2) no.

The research results make a significant contribution to the study of the
mechanism of methane reforming and the development of the theoretical
foundations for the preparation of catalysts for the production of
environmentally friendly, highly efficient fuel and reforming of hydrocarbon
raw materials.

9.2 The dissertation has practical significance
and there is a high probability of applying the
results obtained in practice:

1) yes;

2) no.

The practical significance of the study lies in the use of cheap catalysts without
noble metals and valuable synthetic supports to produce environmentally
friendly synthesis gas.




9.3 Are the practice suggestions new?
1) Completely new;

2) Partially new (25-75% are new);
3) Not new (less than 25% are new).

The practice suggestions are new.

10. | Quality of Quality of academic writing: The quality of academic writing is quite satisfactory.
+ writing and 1) High;
design 2) Average;
3) Below average;
4) Low.
11 Comments on 1. Was dry reforming of methane carried out on the Ni-Fe catalyst prepared by the impregnation method?
the dissertation | 2. What is the advantage of dry reforming of methane compared to other processes? Was methane bi-reforming carried out?
3. By what mechanism does dry reforming of methane proceed using the developed catalysts?
4. Can the catalysts developed in this work, prepared by solution combustion synthesis, be used in other catalytic processes?
However, these comments are not of a fundamental nature and do not affect the main provisions, conclusions and scientific resuits
of the work.
12 The scientific The articles published during PhD program are completely related on the research topic of the doctoral student. 5 articles were

level of the
doctoral
student’s article
on the research
topic (in the
case of
defending
dissertation in
the forms of a
series of articles
official
reviewers
comment on the
scientific level
of the doctoral
student’s article
on the research

published in the high-ranking journal with high citation, which are included in the databases of Scopus and Web of Sciences. 3
articles were published in the journal recommended by the Science and Higher Education Quality Assurance Committee of the
Ministry of the Science and Higher Education of the Republic of Kazakhstan.




topic)

3

Decision of the
official reviewer

Manabayeva Alua’s dissertation work is completed investigation and meets all the requirements and standards imposed on PhD
dissertations. Thus, Manabayeva Alua deserves to be awarded the degree of Doctor of Philosophy (PhD) in educational program
“8D07107 — Petrochemistry”.

Official reviewer:

Doctor of Chemical Sciences,

associate professor

Akbayeva Dina Nauryzbayevna




IluceMeHHbIH 0T3bIB 0HIHAILHOIO PelleH3eHTa HA THCCePTANUOHHYI0 paboTy
ManabaeBoii Ainya Ha Temy «Pa3padoTka 3K0J10rHYecKU 0€30IIACHOT0 KATAJTHTHYECKOI 0
pudopMHHra Bo300HOBI€MOr0 MPHPOTHOTO CHIPHA — OHOrasa I NoJIyYeHHs
COBPEMEHHBIX BbICOK0()()eKTHBHBIX BOJ0POACONEPKANINX TOILIHBHBIX CMeCein»,
MpeICTaBJICHHYI0 HA COHCKAHHUE Y4eHOli cTeneHn fokTopa ¢puiocodun (Ph.D.) mo
cnenuagsHocTH «8D07107-Hedrexumus

Ne Kpurepuii CootBetcTBYyeT TpeOOBaHUAM (OTMETHTE
ILII. OJIUH BapUaHT OTBETA) O60ocHOBaHME TO3UIIUU
0(UIMaTBHOrO PELEH3EHTA

1. Tema 1.1 CooTBeTcTBHE NPUOPUTETHBIM PaboTa COOTBETCTBYET
JyccepTaliu HaIpaBJICHUSIM HayYHOTO Pa3BUTHUS UK roCyJapCTBEHHOH
(110 COCTOSIHMIO | TOCYIapCTBEHHBIM NIPOrpaMMaM: CTpaTeruy 1oj Ha3BaHHeM
Ha JaTy e «BonoponHas sHepreTHKay,
YTBEPXKICHHUS) YTBEPXKICHHON
COOTBETCTBYET IIpesunentom B 2024 rony.
HaIpaBIIEHUSIM OcHoOBHast LeNb NaHHOH

pa3BUTHUS HAYKU
H/UI
rocy1apcTBEHH
BIM
IporpaMmmam.

IpOrpaMMBI —
IIPOM3BOJICTBO BOAOPO/IA U3
YTIEBOAOPOAOB M IPYTHX
HUCTOYHUKOB C
NOCTIEe Iy FOIIUM
1ipeoOpa3oBaHUEM €TI0 B
SHEpPTHIO.

Jyccepranus BEIIONHEHA B paMKaX IPOEKTa
WY 1eNIeBOM IporpaMMbl, (PUHaAHCUPYeMOH
U3 TOCY TapCTBEHHOTO OI0KeTa (yKas3arh
Ha3BaHHME U HOMEP NPOEKTa HIIH
MIPOTPaMMBI)

JuccepTanis BRIIIOJIHEHA B paMKax Apyroit
rocylapcTBEHHOH IporpaMMel (yka3aTh
Ha3BaHHE MPOTPaMMEI)

Juccepraiust COOTBETCTBYET
IPUOPUTETHOMY HAlpaBIEHHIO HAYYHOTO
pa3BUTHS, YTBEpXACHHOMY Bricuieit
HAay4YHO-TEXHUYECKOH KOMUCCHUEHN TIpH
[IpaButenscTBe PecnyOnuku Kazaxcran
(YxazaTp HalpaBJICHUE)

JMccepralys BBIIOTHEHA B
paMKax rocyapCTBEHHOTO
IPaHTOBOTO
(uHaHCHpOBaHUS U
¢buHaHCHPOBANACh
MMUHUCTEPCTBOM HAYKHU U
BBICLIEr0 0OPa30BaHMs
Pecmry6muku Kazaxcran mo
CIIEAYIOUINM MPOEKTaM:

1) AP08855562 «Pa3Butue
¢$yHIaMEeHTaNbHbIX
aCIIEKTOB KaTATUTHUYECKOTO
pudopMuHTa
BO300HOBIISIEMOTO
IPUPOJHOTO ChIPBS —
Ouoraza i pa3paboTku
9KOJIOTMYECKU YUCTHIX
BBICOK03()(PeKTUBHBIX
TOIUTHBY (TOC.pErUCTPALH
Ne 0120RK.00479, 2020-
2022);

2) AP08052090 «Co3nanue
KaTaIUTUYECKUX CUCTEM C
peryIupyeMbIMA
CBOMCTBAMH 1L CHHTE3a
LIEHHBIX TOBAPHBIX
IPOIYKTOBY




(roc.peructpanus Ne
0120PK00141, 2020-2022);
3) AP14869966 «Pa3Burue
TEOPETHYECKUX aCIIEKTOB
KaTaTUTHYECKUX: CUHTE30B
«royryboro» BogopoJja AJis
MPEICTOSINErO Mepexoia K
yIIAEPONHON
HEUTPAIBHOCTH
(roc.peructpanus No
0122RK00561, 2022-2024);
4) AP19677006
«Karanutnyeckas
nepepaboTka
BO30OHOBIISIEMOTO CHIPbS Ha
OCHOBE OMOCIIUPTOB —
OHoMeTaHoa, OHOITaHOIa
1 6uonponaHosia B IIEHHbIE
ra3oHe(pTEXUMHYECKUE
IPOIYKTHD)
(roc.peructparus Ne
0123RK 00259, 2023-2025).

3HadeHne s
HayKu

Pa6ora BHOCHT/HE BHOCUT 3HAUUTEIBHBIH
BKJIa/] B HAYKy, U €€ BaXXHOCTh XOPOLIO
pacKpbITa/HE PaCKphITA.

PaboTa BHOCHT
3HAYUTEILHBIA BKJaJ B
HayKy, H €€ 3HAYNMOCTh
XOPOWIO PaCcKpPhITA.

[Tpunnun
HE3aBUCUMOCTH

YpOBEHb CaMOCTOSTEIBHOCTH
1) BblcokHii;

2) Cpenuuii;

3) Huskuwii;

4) CaMOCTOSITETLHOCTH HET.

Pabota nokazana BbICOKYIO
CaMOCTOSITENILHOCTH aBTOPA.
Kannunat gamen
KaTaJiu3aTophl C BEICOKOH
KaTaTMTHIECKOH
AKTUBHOCTBIO JJIsl CYXOTro
pudopMuHra MeTaHa,
TPOBEJI HECKOJBKO (PU3MKO-
XUMHUYECKHUX aHATTM30B
Katanu3aropoB. Bee atu
BKJIaJIbI TOATBEPIKIAIOT
BBICOKHI YPOBEHB
MIOATOTOBKU U
CaMOCTOSITEILHOCTH B
HCCIIEAOBAHUH.

[Ipunuun
BHYTPEHHETO
eJIMHCTBA

4.1 ObocHOBaHUE aKTyaIbHOCTH
JIACCEePTALUU:

1) O6ocHOBaHA;

2) Hanonosuny 060cHOBaHa;

3) He o6ocHoBaHa.

AKTyalbHOCTB paboThI
IIOJIHOCTHIO 0OOCHOBaHA
pELIEHUEM SKOJIOTHYECKUX
npobieM yTHWIH3auuu
[IaPHUKOBBIX ra30B IIyTEM
cyxoro pudopMuHra
MeTaHa ¢ [oyYeHUEM
BOZIOPOACOLEPKAIIUX
TOILJIUBHBIX CMECEH.

4.2 ConmeprxaHue AuccepTalliy OTPaXKaeT
TEMY JMCCEPTALIMH:

Conepxanue quccepranuu
OTpakaeT TeMY




1) OTpaxkaer;
2) HanonoBuHy oTpaxaer;

3) He otpaxaer.

nuccepranuu. Tema
JUCCEepTallMU PACKpPHITA B
pazzenax o63opa
IUTEepaTyphl U
9KCIIEPHUMEHTAIIBHOTO
UCCIIeIOBaHUs.

4.3 llesnp ¥ 330244 COOTBETCTBYIOT TEME
JTACCEepTaIUu:

1) CooTBEeTCTBYIOT;

2) HanonoBuHy COOTBETCTBYIOT;

3) He coOTBETCTBYIOT.

Lens u 3amauu
COOTBETCTBYIOT TEME
nuccepranuu. llensio
JIUCCEPTAIUH SIBISIETCS
nposeneHue pudopMuHra
MOJEJIFHOro 6uorasa ¢
MOJIyYCHUEM CUHTE3-Ia3a.
Llens nonHOCTHIO
JIOCTATHYTA.

4.4 Bce pazzenbl M CTPYKTypa JuccepTauru

JIOTHYECKH B3aUMOCBSI3aHbI:
1) HHoIHOCTHI0 B3aHMOCBSI3AHBI;
2) CBsI3p yacTHYHAS;

3) CBsI3b OTCYTCTBYET.

Bcee paznens! 4 monoxenus
JUCCepTaluy JIOTHYECKH
B3auMOCBsA3aHbl. CTpyKTypa
JUCCEepTaIH CBs3aHa C
uensio. B 0630pe
AUTEPATypPbl 000CHOBAH
BBIOOp METANIOB B
Kartanu3aropax. B
3KCIIEPUMEHTANIBHON 4acTH
OH IIOJITBEPKAEH

KOJINYECTBEHHBIMHU
JIAHHBIMH.

4.5 Hossle penieHus (TIPUHIUIBI, METOABI), | ABTOp pa3paboTan HOBBIE

peziaraeMble aBTOPOM, apTyMEHTHPOBaHB! | BEICOKOAKTHBHBIE

U OLIEHEHBI B CPaBHEHHH C U3BECTHBIMU
peIleHUsIMU

1) IMeeTcsi KpUTHUECKHH aHAIH3;

2) YacTHYHBIA aHAIH3;

3) AHanu3 npencrasiseTr coboit He
coOCTBEHHOE MHEHHE, a IUTATHI APYTUX
aBTOPOB.

KaTaJIM3aToOPBI ¥ IPOBET
CpaBHUTENBHBIN aHATIN3,
UCTIONB3YS PE3Y/IbTATHI U3
NPYTHX HCTOYHUKOB.

[punnun
Hay4HOH
HOBH3HBI

5.1 SIBysrOTCS 1M HAY4YHBIE pe3yIbTaThl U
II0JIOXKEHUS HOBBIMHU?

1) IloTHOCTLIO HOBBIE;

2) YactuuHo HOBBIE (25-75% HOBBIX);

3) He HoBBIE (MeHEE 25% HOBBIX).

Hayungsle pe3ynbraTsl u
MOJIOXKEHUS ABJITIOTCS
HOBBIMH. ABTOpP
MOATOTOBUJ KaTalu3aTopbl
METOIOM CHHTE3a TOPEHUS
pacTBopa, KOTOPBIN HE
ABJIAETCS XOPOLIO
3a0pOIIEHHBIM METOJIOM.
ABTOp Hamiesn
OTITHMAaNbHBIE COCTABBI
KaTaju3aToOpOB U YCIOBHUS
pEaKIuy, a TAKXKE
0OOCHOBAJ MOJIOKEHUS.

5.2 SBnSAIOTCS M BBIBOJABI JUCCEPTALIMHU
HOBBIMHU?

B €3yJIbTaThbl JUCCCPTAIIUU
ABJIAIOTCA HOBBIMHU.




1) IlotHOCTBIO HOBBIE;
2) Yactu4HO HOBBIE (25-75% HOBBIX);
3) He noBrIe (MeHEE 25% HOBBIX).

Pe3ynbrars! O
HaIlUCaHbBI B COOTBETCTBHH C
Hay4YHBIMH pE3YyIbTATaMH,
IIPEICTABJICHHBIMHU B
JKCIIEPUMEHTAIIBHON YacCTH,
U SIBJIAIOTCS COBEPLIEHHO
HOBBIMH.

5.3 TexHU4YecKHe, TEXHOJIOTHUYECKUE,
SKOHOMMYECKUE WIH yIIPAaBICHYECKUE
PEIIeHHS SBIISIOTCS HOBBIMH U
000CHOBaHHBIMU:

1) I1o1HOCTHI0 HOBBLIMHU;

2) YacTuyHO HOBBIMH (25-75% sBISIOTCS
HOBBIMH);

3) He noBbMH (MeHee 25% sBnsitoTcs
HOBBIMH).

TexHUYeCKHe pelIeHUs
HOBBIE U 00OCHOBAHHBIE.
Paspaboranusie
KaTaJk3aTophI H
pe3yJbTaThl HOBEIE.

O6ocuoBanHOoCcT | Bece ocHOBHBIE BBIBOIBI OCHOBaHBI/HE Bce ocHOBHBIE BBIBOJIBI

b OCHOBHBIX OCHOBaHBI Ha HAYYHO 0OOCHOBAHHBIX OCHOBaHbI Ha HAYYHO

BBIBOJIOB JI0OKa3aTeNbCTBAX UK JOCTATOYHO XOpOIIO | 0OOCHOBAHHBIX
000CHOBaHBI (JIs1 KAYECTBEHHBIX JI0Ka3aTeNbCTBAX WU
WcClleIoBaHuM U obnacTeil 00ydyeHus B JTOCTaTOYHO XOPOILLIO
00J1aCTH UCKYCCTB M TYMaHUTAPHBIX HAyK). | 0OOCHOBAHBI.

OCHOBHBIE HeoOxoaumo OTBETUTH Ha CIEAYIOIINE

MTOJIOKEHUS, BOIIPOCHI IO KaXXIOMY I10JIOXKEHUIO

BBIHOCUMEIE Ha
3aLUTY

OTIENBHO:
1. KaranuszaTopsl ¢ ONTHMaJIBHBIM
COCTaBOM, IIPATOTOBJICHHBIE METOAOM
TOPEHHS B PacTBOpE JUIsl YITIEKUCIOTHOH
KOHBEPCHH METaHa, a TaKkxe pudopMUHTa
fuorasza nNpoaeMOHCTPHPOBATIH BEICOKYIO
aKTHBHOCTB, KOTOpasi IOCTUraach B
pe3ybpTare IPUMEHEHUST METO1a TOPEHHUS
HCXOJHOrO PacTBOpa B ITPOIIECCE CHHTE3A
KaTalM3aTOPOB, IPUBOIAIIETO K
TOJTYYSHHIO BBICOKOIUCTIEPCHBIX
MaTEPHAIIOB U (POPMUPOBAHUIO IIITUHEH
NiAlOs nna 15Ni-35Al, crinaBa

NiszFe u mmnunenu NiAlOq qiig 15Ni-5Fe-
30Al, neposckuta CeAlO3 nnsa 15Ni-15Ce-
20Al.

[TokazaHo, yTo M katanuzaropoB 15Ni-
35A1 u 15Ni-5Fe-30Al xonBepcus MeTaHa
npu 800°C coctaBuna 76% u 88%, a
konBepcus CO2 paBHa 95% u 94%.
3Ha4yeHUs] KOHBEPCUH K METaHa U

CO2 mpu 850°C ms 15Ni-15Ce-20Al
obpasuos coctarsta 90%.

7.1 JokazaHo 74 ON0XKeHue?
1) noxazaHo;

2) ckopee 10Ka3aHo;

3) cKkoOpee He N0KAa3aHo;

OTa o3ulIMs 10Ka3aHa B
pasznene 3.1.2 (pucyHnku 7
(ctp. 53) u 18 (cTp. 62)).
PesynbTaThl OTpaXKeHb! B
cratbax: “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” B
xypHaye Industrial &
Engineering Chemistry
Research (Q1, mponeHTHIB
81%)).




4) He I0Ka3aHo.

7.2 TpuBHANBHO JI OHO?
1) ma;

2) Her;

7.3 HoBoe 1 0HO?

1) ma;

2) HeT.

7.4 YpOBEHb IPUMEHEHHS:
1) y3kui;

2) cpeaHuil;

3) UpOKMiA;

7.5 Jloka3aHo M OHO B CTaThe?
1) pa;

2) Her.

2. Karamusarop SCS 15Ni-15Mg-20Al
nokasall 6oee BEICOKYIO aKTHBHOCTE 110
CPaBHEHHIO C BOCCTAHOBIICHHBIM 00pa3oM
12 mac.% Ni-5,6 mac.% Mg/y-AlLOs3,
CHHTE3UPOBAHHBIM METOIOM IPOIIUTKH U
UMEOIIUM 60Jiee BRICOKYIO TUCIIEPCHOCTD,
YTO CBSI3aHO C OOJIEE CHIIBHBIM
B3aUMOJIEHCTBHEM MEXIY METAUIOM U
HOCHTEJIEM, 3aTPy THSIOIIUM
BOCCTaHOBJIEHHE KaTaTA3aTopa.

7.1 Jloxa3aHo JI MOJIOKEHUE?
1) poxasano;

2) ckopee JOKa3aHo;

3) ckopee He TOKAa3aHo;

4) He noKa3aHo.

7.2 TpuBHAITBHO JTH OHO?

1) na;

2) ner;

7.3 Horoe nu oHO?

1) na;

2) HeT.

7.4 YpoBeHb NPUMEHEHUS:

1) y3kuii;

2) cpexHHid;

3) WwupoKuii;

7.5 Jloka3aHo ¥ OHO B CTaThe?
1) ma;

2) HeT.

3. YcraHoBneHa poJib MINUHENEeH U
METAJJTUYECKOT0 HUKENISl B KaTanu3aTopax,
MPUTOTOBIIEHHBIX METOJOM r'OPEHHUS B
pacTBOpE, UTPAIOIIMX BAXKHYIO POJb B
00pa3oBaHuH ONPEICICHHOTO BU/Ia KOKCA,
noxaszandoro Metogamu POA, TIIO, TTA u
CHNS. AxtuBHBIN KaTaiuzatop 15Ni-

OTa no3unus B pasaene
3.2.2 (ctp. 111, ab3an 2).
Pe3ynpTarsl OTpakeHbl B
crathax: Mg-modified Ni-
based catalysts prepared by
the solution combustion
synthesis for dry reforming
of methane B xxypraie
Catalysis Today (Q1, 87%).

OTa mo3uIM B pa3zene
3.2.2 (pucynok 37d (ctp.
87) u ctp. 97, abzax 2).
Pe3ynbTaThl OTpaXXeHEI B
cratbe: Mg-modified Ni-
based catalysts prepared by
the solution combustion




15Mg-20Al conepX HUT HE3HAUYUTEIBHOE
KOJIMYECTBO yIJiepoJa HUTEBUIHOIO

THUIIA, HA KOHI[aX KOTOPOT0 HaXOAsITCs
YaCTHIIEI HHKes, o6pasyemslie npu 590°C.
Hanwywpe Taxoro Tuma yriaepoaa He CHHOKAeT
AKTUBHOCTH pa3pabOTaHHBIX
KaTajau3aTopoB.

1 7.1 Jloxa3aHo Ji¥ MTOJIOXKEHUE?
1) noka3aHno;

2) cKxopee O0Ka3aHo;

3) ckopee He AOKA3aHO;

4) HE MOKAa3aHo.

7.2 TpuBHANBHO JTH OHO?

1) na;

2) Her;

7.3 HoBoe nu ono?

1) na;

2) HeT.

7.4 YpoBeHb IPUMEHEHHS:

1) y3kuii;

2) cpeaHMii;

3) mupoxuii;

7.5 JIoka3zaHo JIM OHO B CTaThe?
1) aa;

2) HeT.

4. 3HaYUTENBHOTO CIICKAHUA B
karanusaropax 15Ni-5Fe-30Al, 15Ni-15M-
20Al (M = Ce, La, Mn, Mg) 12%Ni-
5.6%Mg/y-Al,03 He HabmoaaOCH MIPU
TEMIIEpaTyPHOM IUKIHPOBAHUY IIOCIIE
HOHIKEHHS TeMIepaTypsl 0OpaTHO 10
600°C, Tak KaKk KaTaJau3aTopsl IPH 3TOM He
TEPSUTA aKTUBHOCTH.

7.1 JlokasaHo JIH MOJOXEeHHUE?
1) noxa3zaHo;

2) CKOpee JOKa3aHo;

3) cxopee HE TOKA3aHO;

4) He nOKa3aHo.

7.2 TpuBHUAILHO T OHO?

1) na;

2) ner;

7.3 HoBoe nu ono?

1) na;

2) Her.

7.4 YpoBeHb IPUMEHEHHS:

1) y3kmnit;

2) cpeaHuii;

3) mupoKuii;

7.5 JloxazaHo JId OHO B CTaThe?

synthesis for dry reforming
of methane B xypHae
Catalysis Today (QI,
TIPOLEHTHIH 89%).

OTa mo3uinwus B pasjeax

$. 125 322, 30wly 342
(pucysxu 18c.d (ctp. 62);
35a-d (ctp. 82); 46a-d (cTp.
101); 59 (cTp. 112)).
Pe3ynbTaTel OTpaXKeHEI B
CTaThsX, MOKA3aHHBIX BBILIE
u: “Dry reforming of
methane over Mn-modified
Ni-based catalysts” B
xypraie Catalysis Letters
(Q2, npouentuis 68%).




1) ma;
2) HeT.

Mpunnun
Ha/EKHOCTH
HanexxHocts
HCTOYHHUKOB U
IIPEeIOCTABIIEHH
ot mHpOpMaLNH

8.1 Bribop meTononoruu 000CHOBAH MK
METOLOJIOTHS ONKHCAaHa JOCTATOYHO
moApoOHO:

1) na;

2) HeT.

Merononorus paboTsl
JIOCTaTOYHO MOAPOOHO
H3JI0KE€HA B
JKCIMEPUMEHTAIILHOM 4acTH,
BKJIFOUAKOILIEH OIIHCaHHE
HCIIOIb30BAHHBIX
XUMUYECKUX pEareHTOB I
TIPUTOTOBJIEHUS
KaTallu3aTopoB 1
MoJenpHOTO buorasa,
COCTOSIILIETO U3 METAHA,
YIJIEKHCJIOTO ra3a U aproHa.

8.2 Pe3ynpTaThl AUCCEPTALMOHHOU pabOThI
MOJTy4EHBI C UCIIOJIB30BAHUEM COBPEMEHHBIX
METOJIOB HAyYHOT'O UCCIICJIOBAHUS U
npueMoB 0OpabOTKH ¥ HHTEpPIIpETaluu
JNaHHBIX C TPUMEHEHHEM KOMITBIOTEPHBIX
TEXHOJIOTH:

1) pa;

2) HerT.

Pesynprarsl
JICCEPTAllMOHHON pabOoTEhI
MOJIyYEHBI C
UCIIONb30BaHUEM
COBPEMEHHBIX METOJIOB
Hay4YHOI'O MCCJIEIOBaHUS U
TEXHOJIOTHH 06paboTku U
UHTEpOpEeTallvy JaHHBIX C
IpPUMEHEHHEM
KOMITBIOTEPHBIX
TE€XHOJIOTHIA.

8.3 TeopeTHueckue BEIBOABI, MOJECIH,
BBISIBJICHHBIE CBSI3U U 3aKOHOMEPHOCTHU
JOKa3aHbI U TTOITBEPXKIEHBI

Teoperrueckue BBIBOIBI,
MOJIEJIH, BBISIBJICHHBIE
B3aHUMOCBSI3U U

SKCHEPUMEHTATBHBIMH UCCIIEOBAHUSIMHU 3aKOHOMEPHOCTH

(1t HanpaBJIEHWH TOATOTOBKH JIOKA3BIBAIOTCS U
IearoruYeckuX HayK pe3yibTaThl IOJITBEPKTAIOTCS
JI0Ka3aHBl Ha OCHOBE TIE€AarOrMYeCKOro 9KCTIEPUMEHTANBHBIMU
9KCIIEpUMEHTA): UCCIICIOBAHUAMH.

1) pa;

2) HeT.

8.4 Baxxnble yTBEepKIeHUS
HOATBEPKAEHB/YaCTHYHO
HOITBEPXKICHBI/HE MOATBEPIKICHBI
CCBUIKaMH Ha aKTYaJIbHYIO U HAJEXKHYIO
Hay4YHYIO JIATEpaTypy.

Baxnnie nonoxxeHus
MOATBEPKIAIOTCS
CCBUIKaMHU Ha COBPEMEHHYIO
U JIOCTOBEPHYIO
OTEYECTBEHHYIO H
3apyOexHYIO HayYHYIO
JIUTEPATYPY.

8.5 Ucnonp30BaHHbIE JIUTEPATYPHEIE
UCTOYHMKH JOCTATOYHBI/HEJOCTATOYHBI IS
o030pa auTepaTypsl.

Criucox nureparypsl
COZEPXKUT 251 UCTOYHHUK,
YTO AOCTATOYHO s 0630pa
JIMTEPATYPBIL.

[IpuHUHMIT
IPaKTUYECKON
LEHHOCTH

9.1 uccepraiusi UMEET TEOPETHUECKYIO
3HAYUMOCTh:

1) na;

2) HeT.

PesynbTaTh! uccieaoBanmit
BHOCSIT CYHIECTBEHHBIN
BKJIaJ B M3yUeHHE
MexaHu3Ma puopMHHTa
METaHa U pa3paboTKy
TEOPETHYECKUX OCHOB




IPUTOTOBJICHUS
KaTaJIu3aTOPOB IS
MIPOU3BOCTBA
9KOJIOTHYECKH YUCTOTO,
BBICOKO3( (PEeKTUBHOTO
TOIIMBA ¥ prudOPMHUHTA
YTJIEBOJOPOIHOTO CHIPBSI.

9.2 luccepranus UMeeT NPaKTHYECKYIO
3HAYUMOCTD U CYIIECTBYET BBICOKAS
BEPOSITHOCTH NMPHUMEHEHMS TTOJTyYEHHBIX
pe3yJIbTaTOB HA MPAKTHKE:

1) aa;

2) HeT.

IIpakTHueckas 3Ha4UMOCTh
UCCIIEIOBaHMS 3aKII0YaeTCs
B UCIIOJIB30BAHUY JICLLIEBBIX
KaTanu3aTtopoB 0e3
01aropoJHBIX METAJIJIOB U
[EHHBIX CHHTETHYECKUX
HOCHTENEH A5 MOTyYeHUs
9KOJIOTUYECKY YHCTOIO
CHHTE3-Ta3a.

9.3 SBns0oTCS 1M MpaKTUYECKUE
IpeIOKEHHUS] HOBBIMH 7

1) Ilo1HOCTBIO HOBBIE;

2) Yactu4yno HOBBIE (25-75% HOBBIX);
3) He noBrle (MeHee 25% HOBBIX).

[IpaxTrueckue
TIPENIOKEHHUS IBISIOTCS
HOBBIMH.

10.

KauectBO
HanucaHus U
Ju3aiiHa

KauecTBo akameMuueckoro nucbma:
1) Boicokoe;

2) Cpennee;

3) Huxe cpennero;

4) Huzkoe.

KauecTBO akageMuuyecKkoro
[UCHMa BIIOJIHE
YAOBIETBOPUTENBLHOE.
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KoMmmeHnTapuu
JccepTaluu

1. Ilporonunach mu YTJIEKHCIOTHASI KOHBEPCUS METaHa Ha
karanusarope Ni-Fe, mpuroToBneHHOM METOIOM IPOITATKH?

2. B 4eM mpeuMyLIECTBO YIJIEKUCIOTHOM KOHBEPCHH METaHa Mo
CPaBHEHHIO C APYTHUMH IIpoleccaMu? BpuT U npoBeneH

O6upudopMHUHT MeTaHa?

3. Tlo xakoMy MEXaHU3My IIPOTEKAET YIIIEKUCIOTHAS KOHBEPCHS
METaHa C UCIOIB30BAHUEM pa3pabOTaHHBIX KATATH3aTOPOB?

4. MoxHO U NpUMEHATH pa3pabOTaHHbBIE B JAHHOH paboTe
KaTaJlM3aTophbl, IPUTOTOBICHHBIE TOPEHHEM B PacTBOPE, B IPYTUX

KaTAIMTUYECKUX Ipolieccax?

OIIHaKO 9TH 3aM€YaHUs HEC HOCAT NPHUHUHUITHAJIBHOIO XapakTepa 1 HE
BJIIMAIOT Ha OCHOBHBIC ITIOJIOXKEHHA, BEIBOABI H HAYYHBIC PE3YJIBTATEI

paboThL.
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Hayunsrit
YPOBEHB CTaThHH
JNIOKTOpaHTa 1o
TeMe
UCCIeIOBaHUS
(B ciryuae
3alUTHI
JccepTaliu B
BUJIE LIUKJIA
crareu
oduIMaNbHbIE

Crarbu, ony0MKOBaHHBIE B X04€ 00Y4EHHS B JOKTOPAHTYPE, IIOJHOCTHIO
COOTBETCTBYIOT TEME UCCJICJOBAHUS JOKTOPAHTA. 5 cTaTed OImyOIHKOBaHbI
B BBICOKOPEHTHHIOBOM XXypHAaJIe C BEICOKOH IIUTHPYEMOCTHIO, BXOISILEM B
6a3b! qaHHBIX Scopus 1 Web of Sciences. 3 ctatbu omyOIuKoBaHbI B
XypHane, peKoMeHJ0BaHHOM KoMuTeToM o obecrieueHNIo Ka4ecTa
HayKH U BBICIIEro o6pa3oBaHuss MUHUCTEPCTBA HAYKH U BBICIIETO

obpazoBanus Pecny6nuxu KazaxcraH.




PELICH3EHThI
KOMMEHTUPYIOT
Hay4HBIN
YPOBEHb CTaTbU
JIOKTOpaHTa 110
TeMe

UCCIIEIOBAHHUS)
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