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

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

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

Abstract. The world's oil reserves are shrinking every day due to continuous production and processing using
the most modern technologies. Scientists around the world are looking for different types of raw materials and ways
to use the vast resources of natural gas as a substitute for oil. In this regard, considerable attention is paid to natural
and associated gas as an alternative source of raw materials for the petrochemical industry. In this paper, Ni, Co and
Ni-Co catalysts carried to 6-Al,O;3 prepared by the traditional method of air impregnation for moisture capacity are
studied. The developed compositions of monometallic and bimetallic compositions of catalysts were studied by the
XRD method. The efficiency of the dry methane reforming reaction was investigated in a stationary reactor under the
optimal process conditions found experimentally: T = 700 and 900°C, GHSV = 6000 h! and CH4:CO,: Ar=1:1: 1.

Key words: Dry reforming of methane, synthesis-gas, Ni, Co and Ni-Co catalyst, traditional method of air
impregnation.

Introduction. After the industrial revolution, the widespread use of fossil fuels and the effects of
greenhouse gases caused by massive CO, emissions gradually attracted the attention of people around the
world. Reducing the impact of the greenhouse effect will be a very important issue. The greenhouse gases
in the atmosphere are mainly composed of CO,, CH4, N,O, CFCs and O;. Two of the most important
gases are CO, and CHa. If we can effectively use these two gases, we can turn waste into treasure and
realize the recycling of waste. The use of these two gases to synthesize H, and CO under the action of a
catalyst is currently being studied by many researchers. At present, they are only in the laboratory research
stage and have not achieved commercial research results. Mainly because the catalyst does not meet the
standard, the activity and stability of the catalyst cannot meet the requirements of large-scale factory
operation, and the cost is relatively high. A more important issue was how to use CO; efficiently and
reduce greenhouse gas emissions. The process of methane reforming with carbon dioxide attracts a lot of
attention due to its unique advantages. On the one hand, the process uses methane and carbon dioxide as
reaction raw materials, which not only efficiently converts natural gas, but also effectively reduces carbon
dioxide emissions. On the other hand, the methane reforming reaction can produce a volume ratio of H to
CO close to 1. The resulting synthesis gas can be used for the synthesis of dimethyl ether, oxygenates,
Fischer-Tropsch synthesis, etc., and is of great importance for easing the chemical raw material and
energy crisis, as well as for easing environmental problems [1-2]. There are two main types of methane
reforming catalysts: catalysts based on noble metals and catalysts based on non-precious metals.
Numerous catalysts based on noble metals such as Pt, Rh, Pd, Ir have been studied in works [3-8], which
have high activity and good stability in the reforming reaction, but are expensive. Catalysts based on non-
precious metals contain transition metals such as Ni, Cu, Fe, Co as main active components. Ni based
catalysts have better productivity [9-12]. However, Ni-based catalysts deactivate faster and have low
carbon accumulation compared to noble metal catalysts. Therefore, increasing the stability of non-precious
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metal catalysts and effective inhibiting of carbon deposition have become the main focus of research on
methane reforming catalysts using carbon dioxide. Currently, Ni and Co based catalysts [13-19] are the
most widely studied among the various types of studied catalysts. Typically, La;O3; and CeO; are used as
additives, and AlLOs;, ZrO,, MgO and molecular sieves are used as carriers [20]. This paper describes
research of the Ni- and Co-based catalysts for selective synthesis-gas production under the found optimal
conditions of the methane reforming process with carbon dioxide.

Experimental

Catalyst preparation

The catalysts were prepared by the traditional method of air impregnation on moisture capacity. First,
the aluminum oxide was dried at 110°C. Then the moisture content of carrier was determined. Titrated
solutions of Ni and Co with a concentration of 0.15 g/ml of nitrate salts of Ni(NO3;)x6H,O and
Co(NO3)x6H,0 were prepared. A certain amount of a titrated solution of Ni, Co or a mixture thereof is
introduced into a porcelain cup, depending on the percentage of metals in the catalysts. Then a certain
amount of distilled water is added, the whole mixture is well mixed and the dried carrier is poured into the
solution. The resulting catalyst was stirred in air and dried at 250°C for 1 h, then calcined at 500°C for 2 h.
The following catalysts were prepared: 10%Ni/0-Al.03, 9%Ni-1%Co/8-Al,03, 7%Ni-3%Co/6-Al>0s,
5%Ni-5%Co/0-A1,03, 3%Ni-7%Co/0-Al>03, 1%Ni-9%Co/6-Al,0s, 10% Co/6-ALOs.

Characterization techniques.

Analysis of the initial mixture and the reaction products was performed using "Chromos GC-1000"
(Russia) chromatograph, which was equipped with packed and capillary columns. The packed column is
used for the analysis of Ha, O», N>, CHs, CoHg, CoHa, C3-C4 hydrocarbons, CO and CO,.

The crystallinity of catalysts before and after reaction was measured by X-ray powder diffraction
(XRD). The XRD was measured with PANalytical Empyrean diffractometer in Bragg-Brentano mode.
Physico-chemical research was carried out at Institute of Biomedicine and Wihuri Physical Laboratory
(Turku, Finland).

Catalyst activity.

The catalysts were tested in a fixed-bed quartz reactor with a diameter of 10 mm and a length of
40 cm at atmospheric pressure. The catalyst (2 ml) was placed between quartz granules in a tube reactor.

Results and discussion. Figure 1 shows the study of the effect of reaction temperature on the activity
of 5%Ni-5%Co/8-Al,O3 catalyst during the carbon dioxide conversion of methane into synthesis gas at
CH4:COx:Ar = 1:1 and GHSV = 6000 h™'. It was found that the conversion increase from 500°C. The
conversion of CH4 and CO, were about 100% at 900°C.
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Figure 1 - Effect of the temperature on conversion of methane and COz at CHa:CO2:Ar = 1:1:1
and GHSV = 6000 h'! on the 5%Ni-5%Co0/0-Al203 catalyst




News of the Academy of sciences of the Republic of Kazakhstan

Figure 2 shows that the CH4 conversion increases from 36.2% to 97.3%. The CO, conversion
decreases after reaching a CH4:COs:Ar = 1: 1: 1 ratio. Thus, it is determined that only when the ratio of
CH4:CO»=1:1, the conversion of the two gases reaches its maximum.

®XCH4 mXCO2

100 -
s 3
E
“Jd“"h
8 50
O 18::

2:1:1 LIl 05:11

CH4:C02:Ar

Figure 2 — Effect of the CH4:CO2:Ar ratio on conversion of methane and COz at 900°C
and GHSV = 6000 h! on the 5%Ni-5%Co/0-Al20; catalyst

The study of variation of reaction space velocity showed that the conversion of CHs and CO; increase
at rise of space velocity. It reaches the maximum at 6000 h™' and then the conversion of CHs decreased
from 97.3% to 93%, and CO, conversion decreased from 93% to 87%. Thus, it is determined that 6000 h!
is optimal space velocity for conversion of CH4 and CO; into synthesis gas, Figure 3.
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Figure 3 - Effect of the space velocity on conversion of methane and COz at 900°C and
CH4:CO2:Ar = 1:1:1 ratio on the 5%Ni-5%Co/0-Al203 catalyst

Catalytic activity of the developed series of monometallic and bimetallic catalysts was investigated. It
was found that the activity of investigated catalysts of the different compositions reached the highest value
when the Ni:Co ratio (%) was 5:5. Figure 4 shows the data on activity of catalysts at a reduced
temperature equal to 700°C, where it is shown that a decrease the temperature does not reduce the activity
of the decomposed compounds in the reaction of the carbon dioxide conversion of methane to synthesis
gas.

— 16 —



ISSN 2224-5286 Series chemistry and technology. 5. 2020

5. MSH2 MSCO
80 4
70 4
60
50 4

40

Selectivity, %

30 4

20 4

10 1

10%Co  1%Ni9%Co 3%Ni7%Co 5%Ni5%Co 7%Ni3%Co 9%Nil%Co  10%Ni
The composition of catalyst, /0AI203

Figure 4 - Effect of the Ni and Co content in Ni-Co catalysts on 6-A1203 on the selectivity of Ha
and CO at 700°C, CH4:CO2:Ar = 1:1:1 ratio and GHSV = 6000h!

The XRD analysis of the developed catalyst compositions was performed. It was found that the size
of catalyst particles varies with the composition of sample. It was determined that the minimum size of
both fresh and spent samples was detected only on a bimetallic catalyst of the Ni:Co = 5:5 composition,
which is assumed to be responsible for the activation of methane into synthesis gas, Figure 5. The
obtained results are consistent with the catalytic activity of the developed catalysts in the reaction of
carbon dioxide conversion of methane into synthesis gas. It was found that the bimetallic 5%Ni-5%Co/0-
Al>O3 catalyst is active and selective among the studied compositions.
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Figure 5 — Effect of the catalyst composition on catalyst particle sizes

Conclusion. Thus, the smallest particles of catalysts were detected on the developed 5%Ni-5%Co
catalyst over 0-Al,03 by XRD method. It is assumed that they are responsible for the activity of developed
catalytic composition in the reaction of carbon dioxide conversion of methane into synthesis-gas. It was
found that a bimetallic catalyst with an equal content of Ni and Co is the most optimal among the
developed catalyst compositions for the conversion of methane to synthesis gas. The conversion of CHs
and CO; was 97.3 and 94.2%, respectively. The optimal process conditions were: T = 700 and 900°C,
GHSV = 6000 h™' and CH4:COx:Ar = 1:1:1.
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Ni, Co x3ne Ni-Co KATAJIM3ATOPBIHJATBI BUOTI'A3/IbIH
CHUHTE3 I'A3FA JIEMIHI'T KATAJIMTUKAJIBIK KOHBEPCHUSICHI

AHHOTanMsI. OHEPKOCINTIK PEBONIOUMANAH KeHiH Ka30anbl OTHIHABI KeHiHeH KoinmaHy skoHe CO» sxammaid
IIBIFapBIHIBICEIHAH Maiia OOJATHIH MAPHUKTIK Ta3[bIH ocepi OIpTiHIeN afieM Ha3apblH aymapabl. [lapHUKTIK ocepai
azaiity — MaHpI3[bI Macesie. ATMocdepanarsl napHukTik ra3 HerizineH CO,, CHa, N2O, CFC xone Os-TeH Typajbl.
En manpinel ras3aeig exeyi — CO, xone CHa. Erep 613 ochl eki raszipl THIMII maiianaHa ancak, KaJAbIKTap.ibl
Ka3blHAFa alHAIABIPbIN, Kaiita eHaed amambis. Ocbl eki rasasl Ho skoHe Co CHHTE3IHE KaTaau3aTop ocepiH
KOJITaHY bl Ka3ipri yaKbITTa KOITEreH 3epTTeyIi KapacTripyaa. Kasipri yakpITTa ojiap TEK 3€pTXaHANBIK 3epPTTeYiIep
CaThICHIH/A KOHE KOMMEPLHMSUIBIK 3ePTTEY HOTHIXKEJIEpiHE KOJI JKeTKi3e anMmabl. HerisiHeH, kataiu3arop craHiapTka
coliKec KeJIMEHTIHAIKTeH, KaTaJM3aTOpAbIH OEJICEHAUIIrNT MEH TYPaKTBUIBIFBI 3aYBITTBIH KE€H ayKbIMIbl JKYMBIC
TaJIANTapbIHA COMKEC KeJIMEH/Ii, all KYHbBI CaIbICTRIPMAJIBI TYPJIE JKOFaphl MIbIFajibl. HEFYpIIbM MaHbI3/IbI MACEICHIH
6ipi — CO, THiMAl maiipanaHy >koHE IAPHUKTIK a3 MIBFapbIHABICHIH a3zaiiTy. KeMipKbIIIKbUT Ta3el 0ap MeTaHIbl
KalTa Kypy TMpPOIECIHIH epeKile apTHIKIIbUIBIFGl Ha3ap ayJapTajbl. bip JKaFblHAH, MPOIECC METaH MEH
KOMIpPKBIIIKBUT Ta3blH PEAKIFSUIBIK MIMKI3aT PEeTiHAe MaijanaHansl, Oy TaOWFW ra3fpl THIMII TYpPJICHIIpIN KaHa
KOIMaif, KOMIpKBIIIKBUT Ta3bIHBIH IIBIFAPBUTYBIH THIMAI TeMeHaeTeni. EKiHII JKaFblHaH, MeTaH PHUPOPMHHT
peaxrusicl Hy-aiH Co-Fa 1-re jKaKbIH KeJieM KaThIHAChIHA OKeTyi MYMKiH. AJIBIHFaH CHHTE3-Ta3/Ibl TUMETII dUPIH,
OKCcHreHarTapabl cuHTesney, dumiep-Tponmn cuHTe3l koHe T.0. yIIiH NaijanaHyra OoJajbl KOHE XUMHSUIIBIK
HIMKI3aT MEeH SHEPTeTHKANBIK IaFAapbICTap bl XXYMCAPTY, COH/Iali-aK IKOJIOTHSUIBIK IIPOOIeMaIap il )KYMCapTy YIIiH
yikeH MaHbpi3ra ue [1-2]. Mertan pu)OpMHHI KaTaaM3aTOPIApPBIHBIH HEri3ri eki Typi Oap: achll MeTaimapra
HETI3/IeIreH KaTalun3aTop jKoHe KhIMOAT eMec MeTaijgapra HerizjenreH karaiauzaropiap. Enoekrepae [3-8] PT, Rh,
Pd, Ir cusIKTBI achll MeTaIapFa HETI3IE/INCH KONTEreH KaTaIn3aTopJiap 3epTTEIIeH, oJiap JKOFaphl OCICEHAUTIK ITeH
prdOpMHHT peakUsIChIHAA TYPaKThl, Oipak KbiMOaT. KpiMOaT eMec MeTanaapra Heri3/iereH KaTajau3aropiiap Herisri
oencenni kommoHeHtTep periaae Ni, Cu, Fe, Co cusAKTeI eTmeni Meramnmapisl KamTuabl. Hukenp Herisinmeri
KaTanuzaropyap eHimaipek [9-12]. Anaiina Ni Heri3iHzeri KatagusaTtopiiap KbULAaM aKbIpaTbUIAIbl JKOHE achll
METaJI KaTaln3aTopiapbIMEeH CaJbICThIPFaHIa KeMipTek a3 jkuHanaasl. COHMABIKTAH KhIMOAT eMec MeTajmapiaH
JKacaliFaH KaTalu3aTOPIapAblH TYPAKTBUIBIFBIH apTTHIPY JKOHE KOMIPTEKTIH TYHABIPBUTY YICPICIH THIMII Texey
KOMIpPKBIIIKBUT Ta3blH KOJJaHA OTHIPHI, METaH PUPOPMHUHT KaTalU3aTOpIapblH 3€PTTCYAiIH HETI3ri OarbITHIHA
aitanpl. Kasipri yakeirra Ni sxone Co Herisinzeri karanuzatopuiap [13-19] 3epTrenren kaTaiu3aTtopiap/blH anyaH
Typiepl apacelHaa KeHiHeH 3eprreireH. Operre La,0Os; xone CeO; Kocmamap peTiHAe KONIaHBUIAIBI, all
taceiMaigaymsiap peringe AbOs;, ZrO,, MgO xoHe MONEeKYJSpIibl eleKTep KoJIaHbuiansl. JKyMbICHIMBI3AA
MEeTaH/Ibl KOMIpTeri AUOKCUAIMEH KaiTa KYpy YILUiH OHTaIIIbI J)KaFaliiarbl CHHTE3/IK ra3/ibl CEJICKTUBTI OHIIPY YLIIH
HUKEJIb MEH KOOAJIbT HET131H/IeT1 KaTaJIM3aTOPJIap Ibl 3ePTTEY KYMBICTAPhI CHITATTAIFaH.

3amaHayy TEeXHOJIOTHsUIAp/Ibl KOJIJaHa OTBIPBII, Y3IIKCI3 OHAIPY MEH OHJIEY apKbUIbl QJIEMJIIK MYHai KOPbI KYH
CaifblH a3aiibil Kelledi. OJIeM FaIbIMAAPhI IMUKI3aTThIH alyaH TYpJEpiH koHe TaOWFU Ta3JblH ipi pecypcrapbiH
MYHa# alMacTBHIPFBILI PETiHIE Naliaanany Tocuiaepin i3neiai. Ocwiran OailylaHbICTBI MyHaH-XUMHUST ©HEPKACiOl YIIiH
IIMKI3aTTBIH OanamMa Ke3i peTiHAe TaOWFu JKOHEe ilecme rasra keOipek KeHin OeimiHemi. By sxympicTa BUTFan
CBIMBIMIBUIBIFEI OOMBIHINA aya CiHIPYAIH IocTypdi omiciMeH anbsiaFaH 0-Al,Os-ke koHmsipsiFad Ni, Co xoHe Ni-Co
KaTalIn3aTopIIapsl 3epTTEI/II.

Tyiiin ce3aep: KypraKk MeTaHAbl KaiTa Kypy, cuHTe3 a3, Ni, Co xone Ni-Co karamusaTopiapbl, A2CTypi aya
CIHIpY 9iCi.
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KATAJIMTUYECKASA KOHBEPCUA BUOT'A3A
B CHHTE3 I'A3 HA Ni, Co u Ni-Co KATAJIN3ATOPAX

AnHotanus. [Tocne MpOMBIIUICHHONW PEBOJIONMHU LIMPOKOE HCIOIb30BAHUE HCKOMAEMbIX BHIIOB TOILUIUBA U
BO3/ICiiCTBUE MAapHUKOBBIX T'a30B, BbI3BAHHOE MaccOBbIMU BbiOpocamu CO,, MOCTENEHHO IMPUBJICKIM BHUMaHHE
moaer Bo BceM mupe. [lapaukoBbie Ta3bl B atMochepe B ocHOBHOM coctosT u3 CO,, CHy, N2O, CFC u Os. IByms
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HanOomnee BaxxHbIMU razamu ABJSIOTCS CO2 1 CHy. Ecii Mbl cMokeM 3¢ (GEeKTUBHO HCIIONIB30BATh 3TH JIBa T'a3a, MBI
CMOYKEM TIPEBPATUTH OTXO/bI B COKPOBHIIA M PEANTN30BaTh MepepaboTKy OTX010B. VIcmoap30BaHNe ITHX ABYX Ta30B
s cuate3a Hy 1 CO mop neiicTBHEM KaTaiu3aTopa B HACTOSINEE BPeMs M3y4aeTCsi MHOTHMH HCCIIe0BaTeIIMu. B
HaCTosAEC BPEMA OHU HAXOAATCA TOJIBKO Ha CTaJluun na6opaTopH1>1x I/ICCJ'IeLlOBaHI/Iﬁ U HE JOCTHUIJIM PE3YJIbTAaTOB
KOMMEPUYECKUX HCCIIeIOBaHUi. B OCHOBHOM M3-3a TOTO, YTO KaTaJIM3aTOP HE COOTBETCTBYET CTAHIAPTY, AKTUBHOCTh
U CTaOMJIBHOCTh KaTalli3aTOpa HE MOTYT COOTBETCTBOBATH TPEOOBAHHAM KPYHMHOMACIITAOHOW MPOWU3BOACTBEHHOMN
AKCIUTyaTallii, a €ro CTOMMOCTh OTHOCHTEIBHO BBICOKA. boljiee BaKHBIM BOIPOCOM OBLIO TO, KaK 3(PQPEKTHBHO
ucnoip3oBate CO, U COKPATUTh BHIOPOCHI MAPHUKOBEIX ra3oB. [Ipomecc pudopMuHra MeTaHa ¢ HCIOJIb30BAHUEM
TUOKCHIA yriiepoia MpHUBJIEKaeT OONBIIOE BHUMAaHHE Ollaromaps CBOMM YHHKAIBHBIM TpeumyltnecTBaMm. C oqHOM
CTOPOHBI, B 3TOM IIPOIIECCE B KAUECTBE CBHIPHS I PEaKIMH HCIIONB3YIOTCS METaH M TUOKCHI yTiIepoja, 9To He
TONBKO A(PGEKTHBHO TpeoOpa3yeT MPHUPOTHBIA ra3, HO M APQPEKTHBHO CHIKAET BHIOPOCHI ITHOKCHIA YTIIEPOAA.
C npyroii CTOpOHBI, peakius pupOopMUHra MEeTaHa MOXeT JaBaTh oObeMHoe oTHomenue Hy k CO, Gnuskoe k 1.
[Tomy4yeHHBIN CHHTE3-Ta3 MOXHO HCIIONB30BaTh ISl CHHTE3a TUMETHIIOBOTO 3(h1pa, OKCUIeHATOB, cHHTe3a Duiepa-
Tpomma u T.1. Y1 0H 04eHb moie3eH A7 0CNabIeHIs XHMUIECKOTO CHIPhEBOTO W IHEPTETHYECKOTO KPHU3HCa, a TAKKE
1A CMATYCHUA 3KOJIOTHYCCKHUX npoGneM. CyHleCTByeT JIBa OCHOBHBIX THUIIa KaTaJInU3aTOpPOB pI/l(l)OpMI/IHFa METaHa:
KaTaJn3aTopbl Ha OCHOBE OJIATOPOJIHBIX METAIOB M KAaTaJH3aTOPbl Ha OCHOBE HEOJAropoJHBIX METauIoB. B
paboTax MCCIIEeI0BaHbl MHOTOUMCIICHHBIC KaTaIM3aTOPhl HA OCHOBE OJIATOPOIHBIX METAJIOB, Takux Kak Pt, Rh, Pd,
Ir, xoTophie 00JIATAOT BBICOKOW aKTHBHOCTHIO M XOPOIICH CTaOMIBHOCTBIO B pEakiyu pu(OpPMHUHTa, HO JAOPOTH.
Karanuzaropsl Ha OCHOBE HEOJIATOPOIHBIX METAJLIOB COJAEPKAT B KAYECTBE OCHOBHBIX AKTHBHBIX KOMIIOHCHTOB
nepexomgnble MeTaiurbl, Takume kak Ni, Cu, Fe, Co. Karammsaroper Ha ocHoBe Ni o0mamaroT Oombieit
MPOU3BOIUTENFHOCTRIO. OHAKO KaTann3aTOphl HA OCHOBE HUKEIS IC3aKTHBHPYIOTCS OBICTpee W MMEIOT HH3KOE
HAKOIUICHHE YTIIepo/ia 0 CPAaBHEHHIO C KaTalU3aTOpaMy U3 OJIaropogHBIX MeTaioB. TakuM oOpa3oM, MOBHIIICHUE
CTaOMJILHOCTH KaTAJIM3aTOPOB U3 HEOIAropoHBIX METANIOB U 3G (HEKTHBHOE HHTHOMPOBAaHUE OCAXICHHUS yIiIepoia
CTaJI0 OCHOBHBIM HAIPABJICHHUEM HCCIIEIOBAHUN KaTaN3aTOPOB pUGOPMHHTAa METaHA C MCIIOJF30BAaHUEM ITHOKCHIA
yriaeposaa. B Hacrosimee Bpemsi katanuzartopbl Ha ocHoBe Ni u Co sBIsiOTCS Haubosiee M3Y4YeHHBIMU Cpein
pa3IMYHBIX TUIOB Katanu3aropoB. O0bruHo La,03 u CeO, ucnosb3yroTes B KayecTBe 100aBok, a Al,Os, ZrO,, MgO
W MOJICKYJIIpHBIE CHUTA HCHOJB3YIOTCA B KadecTBe HOCUTeNed. B maHHOW paboTe omucaHbl HMCCIICIOBAHUS
KaTaJn3aTopoB Ha OCHOBE HHKEIS M KoOajibTa JJIS CEJICKTHBHOTO TIONYYEHHUS CHHTE3-Ta3a B HaWJICHHBIX
ONTUMAITEHBIX YCIOBHSX Ipoliecca puopMUHra MeTaHa C JUOKCHIOM yTiIepoa.

MupoBsie 3amackl HE(TH COKpAINAIOTCS C KAXKABIM JHEM H3-32 HEIPEPHIBHOW JOOBIYM M mepepaboTKH ¢
HCTIOJIH30BAHUEM CaMBIX COBPEMEHHBIX TEXHOJIOTHH. YUYEeHBIC BCErO MHUpa UIMYT Pa3IMYHBIC BHIBI CHIPhS M CITOCOOBI
WCTIOJB30BaHUS OTPOMHBIX PECYpCOB MPHUPOMHOTO Ta3a B KadecTBe 3aMeHuTens Hedptu. B cBsa3m ¢ stuMm
3HAYUTEIbHOE BHUMAHUE YACISIETCS MPUPOTHOMY U MOIYTHOMY Tra3y Kak allbTepHATHBHOMY HCTOYHHKY CHIPBS IS
He(PTEXMMHYECKOH TPOMBINIIICHHOCTH. B  manHOW pabote wmccaemoBanbl Ni, Co m Ni-Co Karaau3aTophl,
neperocumbie Ha 0-Al,Os3, monydYeHHbIe TPAAUIMOHHBIM METOZOM BO3/IyLIHOM NPOIUTKH 110 BIArOEMKOCTH.

KirueBble ciaoBa: cyxoil pudopmuur merana, cuares-ra3, Ni, Co u Ni-Co kaTaau3aTopbl, TPaaullHOHHBINA
METOJ] BO3IYIITHOM MTPOIUTKH.
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