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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
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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.
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Co-Mg-Mn COMPOSITE CATALYSTS
FOR PARTIAL OXIDATION OF NATURAL GAS

Abstract. The problem of rational utilization of natural and associated petroleum gases and the cessation of
their flaring is one of the acute and unresolved environmental problems. The aim of this work is to develop effective
thermally stable catalysts of a new generation for the processes of oxidative conversion of light alkanes of natural
and associated gas into synthesis gas. The results of partial oxidation of the methane of natural gas on the catalysts
prepared by solution combustion synthesis are presented. Investigation of the activity of catalysts produced from
initial mixture of Co(NO3), - AI(NO3); - Mg(NO3), - Mn(NOs), + urea of different composition was carried out for
the production of synthesis-gas. It was found that the optimal conditions for producing of synthesis-gas are: CHy4
conversion - 98%, yield of target products: H, - 98 - 99% and CO - 40 - 43%, T = 900°C, space velocity - 2500 h™..
The catalysts were studied by X-ray diffraction, transmission electron microscopy, specific surface area, pore volume
and average pore diameter. The presence in the catalysts of simple and mixed oxides, metal aluminates and spinel-
type structures, the presence of which contributes to the active work of catalysts for oxidative conversion of CHa, has
been established.

Key words: catalytic oxidation, methane, synthesis-gas, cobalt, magnesium.

Introduction. In the twenty-first century, humanity is faced with a global problem — Earth's climate
change as a result of an increase in the concentration of greenhouse gases in atmosphere. The problem of
greenhouse gases and their reduction is closely related to energy security, the stability of global energy
markets and the sustainable development of each state and the world community as a whole. It is generally
accepted that full reduction and mitigation of the effects of climate change is currently impossible, but
measures must be taken to reduce the emissions of anthropogenic greenhouse gases. The study of the
selective oxidative conversion of methane is consistent with Kazakhstan's development priorities in the
use of its own hydrocarbons. According to forecasts, saturated hydrocarbons will not only preserve, but
also strengthen their position as raw materials for the production of valuable organic compounds and fuel
compositions, which will contribute to the revival of the national petrochemical industry. The activation of
natural and associated petroleum gas (containing from 65 to 98% methane) for the targeted single-stage
synthesis using nanoscale catalysts is one of the most relevant and important tasks in the field of organic
catalysis. The gas processing plants of Kazakhstan are currently engaged mainly in the purification of
gases from water, impurities of carbon dioxide and hydrogen sulfide for their use in domestic purposes.
Therefore, there is a great economic incentive to develop effective catalysts for converting of natural gas
into valuable products. So far, the production of synthesis gas is the only economically feasible way of
converting methane into more valuable chemicals. The production of synthesis-gas from methane using
active and stable catalysts plays an important role in the chemical and petrochemical industries. Prospects
for the development of the global gas processing industry are associated with the creation and
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implementation of new catalytic environmentally friendly technologies for the production of synthesis-gas
and hydrocarbons based on the production of fuel mixtures. Often the targeted production of synthesis-gas
(CO + H») as an environmentally friendly modern fuel, as well as expensive olefins, is the first step in
converting of natural gas.

For the above processes, oxide catalysts [1-3], their mixtures, and composites based on them [4,5]
have been recently used instead of the noble metals [6,7] that were used previously. The method of self-
propagating high-temperature synthesis has become widespread in recent years [8], especially its
modification - the solution combustion synthesis (SCS) [9-11], as a result of which finely dispersed oxides
and spinels are synthesized [12,13].

Previously, we investigated the process of oxidative conversion of light alkanes into synthesis-gas in
the presence of oxygen on different types of catalysts: noble metals [14-16], oxides [17,18] and catalysts
prepared by solution combustion synthesis [19-23].

The paper presents the data of the activity of the developed SCS catalyst based on Co - Al - Mg - Mn,
capable of carrying out the process of oxidative conversion of methane into synthesis-gas.

Experimental

Catalyst preparation

SCS was used to prepare catalysts. A mixture of salts and distilled water was placed in a quartz glass.
The content of the glass was heated to 80 - 100°C. Then the beaker with the solution was placed in a
preheated muffle furnace, where the catalysts were prepared at various temperatures. At the beginning of
the reaction, a large amount of heat is generated, which ensures a rapid spread of the combustion front and
a sharp increase in temperature. After several minutes, structural catalysts are formed, the formation of
which is one of the reasons for the high activity of the prepared samples.

Characterization techniques

The initial mixture and reaction products were analyzed using a Chromos GC-1000 chromatograph
with the Chromos software. Chromatographic peaks were calculated using calibration curves constructed
for the corresponding products using the Chromos software for pure substances. The catalysts were
studied by XRD on a Siemens Spellman DF3 spectrometer with Cu-Ka (A = 1.5406E) radiation in steps of
0.03°/1" in the 26 range from 5° to 100°. For semi-quantitative X-ray analysis, 5% KCI was added to the
analyzed samples as an internal standard. Transmission electron microscopy (TEM) was used to determine
the morphology of the developed catalysts. The electron-microscopic characteristics of the catalysts were
obtained on an EMK-125 K microscope (Sumy, Ukraine) at an accelerating voltage of 75 kV. The specific
surface area was determined and the pore distribution in the catalysts was measured by the BET method
(Brunauer—-Emmett-Teller) using a GAPPV-Sorb 2800 analyzer. Nitrogen (99%) with helium (99%) was
used as the carrier gas. Pore volume and average pore diameter were calculated by the BJH method using
desorption isotherm curves.

Results and discussion. Catalysts of the Co - Al - Mg - Mn + urea series were prepared in a muftle
furnace heated to 500°C. Three thermocouples were installed on top. All thermocouples were in a glass,
which was located inside the muffle furnace. The first thermocouple was in the lower layer of the solution,
the second thermocouple was in the middle layer and the third thermocouple was in the surface layer of
the solution. Two combustion modes are carried out during the synthesis of catalysts by the solution
combustion method: volumetric explosion and self-propagating mode. In the volume of the explosive
mode, the solution is heated and the water evaporates. The gel is formed after the evaporation of water.
The temperature in the muffle furnace gradually rises to a critical temperature. As soon as the temperature
reaches critical, an exothermic reaction is carried out throughout the volume of the catalyst. Figure 1
shows the temperature-time profile of the volumetric combustion regime of the system 12.5% Co(NOs3), +
12.5% AI(NO3); + 12.5% Mg(NO3), + 12.5% Mn(NO3), + 50% urea.

In the process of synthesis, the solution evaporates at T, = 100°C and a gel is formed starting from
temperature T; = 167°C, and a volumetric explosion occurs with T, = 270°C. The maximum temperature
in the lower part reaches 564°C, in the middle part - up to 825°C, in the upper part reaches 1007°C. Table
1 shows the temperature at different levels of the solution in the synthesis of Al - Co - Mg - Mn catalysts
with different contents of active components.
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Figure 1 — Temperature-time profile of the volumetric combustion mode
of the 12.5% Al - 12.5% Co - 12.5% Mg - 12.5% Mn + 50% urea system

Table 1 — Temperature in various layers during the synthesis
of Al - Co - Mg - Mn catalysts with different contents of active components

The initial composition of the catalyst To T T2

12.5% AI(NO3)3 - 12.5% Co(NO3)2 - 12.5% Mg(NO3)2 - 12.5% Mn(NOs)2 + 92.6 286.1 564.2
50% CO(NH2)2

3% AI(NO3)3 - 3% Co(NO3)2 - 41% Mg(NO3)2 - 3% Mn(NOs)2 + 50% 97.4 280.4 659.98
CO(NH2)2

3% AI(NO3)3 - 3% Co(NOs)2 - 3% Mg(NO3)2 - 41% Mn(NO3)2 + 50% 95.9 287.6 755.7
CO(NH2)2

41% AI(NO3)3 - 3% Co(NO3)2 - 3% Mg(NO3)2 - 3% Mn(NOs) + 50% 97.3 284.0 523.6
CO(NH2)2

3% AI(NO3)s - 41% Co(NO3)2 - 3% Mg(NOs3): - 3% Mn(NO3)2 + 50% 100.7 276.0 491.7
CO(NH2)2

Table 1 shows the temperatures in the solution (only the lower part of the solution) during the
synthesis of Al - Co - Mg - Mn catalysts with different element contents and shows the initial temperature
(T,), the ignition temperature (T;), and the adiabatic flame temperature (T.). The adiabatic flame
temperature indicates the maximum combustion temperature achieved under adiabatic conditions.

Study of the activity of 12.5% Al - 12.5% Co - 12.5% Mg - 12.5% Mn + 50% urea catalysts prepared
at 300 - 600°C by solution combustion synthesis in a flow catalytic installation was carried out at 900°C,
GHSV = 2500 h', 34% CHa4 + 17% O2 + 49% Ar. The results of studies carried out during the synthesis of
catalysts at temperatures from 300 to 600°C are presented in Figure 2.
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Figure 2 — Dependence of methane conversion and selectivity by Ha
and CO from the catalyst preparation temperature
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The catalyst 12.5% Al - 12.5% Co - 12.5% Mg - 12.5% Mn + 50% urea prepared at 500°C showed
high selectivity by H, (96.5%) and CO (97.4%). The methane conversion was 98.5%. Further, to
determine the activity of the samples, the composition of the catalyst was varied. A series of catalysts
prepared at 500°C by the solution combustion synthesis was studied using a PKU-1 apparatus. The
catalytic reaction was carried out at atmospheric pressure and a temperature of 900°C. The experimental
results are presented in Table 2

Table 2 — Methane conversion and selectivity by H2 and CO on catalysts
of various compositions during the oxidation of methane to synthesis gas

Catalysts XcHa, % Selectivity, %
H» CO
12.5% Al —12.5% Co — 12.5% Mg — 12.5% Mn + 50% CO(NH2)2 94.7 95.4 99.4
41% Al - 3% Co - 3% Mg - 3% Mn + 50% CO(NH2)2 42.1 63.8 74.5
3% Al - 41% Co - 3% Mg - 3% Mn + 50% CO(NH2)2 99.7 87.9 96.9
3% Al - 3% Co - 41% Mg - 3% Mn + 50% CO(NH2)2 14.7 19.5 22.6
3% Al -3% Co - 3% Mg - 41% Mn + 50% CO(NH2)2 324 42.9 46.9

As can be seen from Table 2, as a result of varying the content of elements in Al - Co - Mg - Mn
catalysts, it was found that the catalysts exhibit the highest activity in the case of the highest content of
aluminum and especially cobalt. Samples of 12.5% Al - 12.5% Co - 12.5% Mg - 12.5% Mn and
3% Al - 41% Co - 3% Mg - 3% Mn possess the maximum catalytic activity, while 41% Al A - 3% Co -
3% Mg - 3% Mn sample has lower activity. As a result of the analysis of the obtained results, a catalyst of
the composition 20% Al - 20% Co - 5% Mg - 5% Mn was synthesized.

An analysis of the data indicates that the methane conversion values, as well as the H,/CO ratios, are
almost identical both at 1500 h' and at 2500 h™'. The methane conversion reaches 94 - 98% in both cases.
The Ho/CO = 2 is achieved at a space velocity of 1500 h!, starting from 800°C, which is favorable for
syntheses of alcohols and olefins. The ratio slightly exceeds 2 at 2500 h™'. At a space velocity of 2500 h™',
the highest values were obtained for the yields of H, and CO. When implementing the process at 1500 h™',
the hydrogen yield is reduced to 80%.

The phase composition of the Al - Co - Mg - Mn series of catalysts was studied by XRD. Figure 3
shows the XRD spectra of the catalysts.
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Figure 3 — X-ray phase analysis of catalysts of various compositions based
on Al - Co - Mg - Mn + urea. 1 - KCl, 2 — C0304, 3 — MgAl204, 4 — CoAl204, 5 — MgO, 6 — MnO, 7 — MnsOs
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As a result of X-ray phase studies, it was found that the samples contained: Co304, MgAILOs,
CoAl,04, MgO Periclase, MnO, and Mn;sOs.

Table 3 presents the texture characteristics of Al - Co - Mg - Mn + urea catalysts with different
element contents.

Table 3 — Textural characteristics of Al - Co - Mg - Mn + urea catalysts with different content of elements

Textural characteristics
Catalysts Surface area, Pore volume, The average pore
m?/g cm’/g size, nm
12,5% Al - 12,5% Co - 12,5% Mg - 12,5% Mn + urea 7.6 0.02 11.8
41% Al - 3% Co - 3% Mg - 3% Mn + urea 5.2 0.02 114
3% Al -41% Co - 3% Mg - 3% Mn + urea 6.1 0.02 13.7
3% Al - 3% Co - 41% Mg - 3% Mn + urea 7.8 0.03 16.8
3% Al -3% Co - 3% Mg - 41% Mn + urea 54 0.02 14.3
20% Al - 20% Co - 5% Mg - 5% Mn + 50% urea 22.2 0.03 18.5

The specific surface area of the catalysts is low. This is due to high combustion temperatures during
preparation of catalysts. Despite this, the synthesized catalysts have a high specific activity, which allows
them to compete even with catalysts of the Pt group.

Electron microscopy studies were carried out for the developed series of catalysts. For example,
electron microscopic photographs of 3% Al - 41% Co - 3% Mg - 3% Mn + urea catalyst were obtained
(Figure 4). The microdiffraction pattern of particles with a size of 20 - 40 nm, located on a thin film, is
represented by reflections and corresponds to a mixture of phases: B-MnO,, Bo3moxno, Co,0s. For
samples with a size of 30 - 50 nm or more, the microdiffraction pattern is represented by reflections
located along the rings and corresponds to a mixture of phases: MgO, (Co, Mg) O, e-MnO», MgHozss,
CoO.

Figure 4 — TEM photographs of 3% Al - 41% Co - 3% Mg - 3% Mn + urea catalysts

From the obtained results it was found that the optimal conditions for producing of synthesis-gas are:
CH4 conversion - 98%, yield of target products: H> - 98 - 99% and CO - 40 - 43%, T = 900°C,
GHSV =2500 h™".

Conclusion. Thus, it was found that the synthesized Al - Co - Mg - Mn + urea catalysts are active in
the reaction of partial conversion of methane into synthesis-gas. The optimal conditions for the maximum
operation of this catalyst are: a space velocity of 2500 h™' at a temperature of 900°C. The presence in the
catalysts of simple and mixed oxides, metal aluminates and spinel-type structures, the presence of which
contributes to the active work of the catalysts for the oxidative conversion of methane, has been
established.
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TABUTU I'A3/1bI KOMIIO3UTTI Co-Mg-Mn KATAJIM3ATOPJIAPBIHIA
IMAPOUAJIABI TOTBIKTBIPY

Annotanus. JKubipMa GipiHIi FackIpa azam3ar atMocdepaia NapHUKTIK ra3Jap/blH IOFbIPIaHy MeJIIEePiHiH
ecyi HoTmkecinae XKepJeri KIMMaTThIH ©3repyiHiH kahaHablK mpodiiemMackiHa Tar 0oibl. [IapHUKTIK ra3map xoHe
ONApAbIH Tapaixy JKarjailblH OOCeHIEeTy Mocelieci JHEPreTHKAIbIK Kayirnci3airi, jxkahaHIblK SHEPreTHKabIK
HAPBIKTHIH TYPAKTHUIBIFBIMCH KOHE MEMIICKETTEP MCH XKaJIIIbl QJIEMIIK KOFaMIACTBIKTHIH TYPAKThl TaMYbIMEH THIFbI3
OaiinanbicThl. Ka3ipri yakpITTa KJIMMATTBIH ©3repy CajiapblH TOJIBIK KAJIIbIHA KENTIPY )KOHE OHbI XKEHIUIIETY JKEHLT
TUMEWNi, IereHMEH aHTPOTOTeH/IK MAPHHUKTIK Ta3 IIBIFAPBIH/BICHIH a3aiiTy XKOHIHJET] Iapajap/bl KaObliiay KaxKerT.
MeTaHapl TadFaMIbl TOTHIKTBIpA alHANIBIPYIBI 3epTTey Ka3zaKCTaHHBIH ©31HIIK KOMIPCYTEKTEpiH MaigaaHyabIH
JamMy OachIMIIBIKTaphIHA colikec Kenemdi. XKacanpiaran 6omkammap OOWBIHIIA KAHBIKKAH KOMIPCYTEKTep IIUKi3aT Ke3i
peTiHae FaHa caKTaldMal, YITTHIK MYHAl-XUMHs OHEpKociOiH KalTa >KaHNAHABIpYFa BIKMAT eTeTiH KYHIBI
OpPTraHUKANBIK KOCBUIBICTAp MEH OTHIH KOMIIOZWINMSNIAPBIH aly VINiH ©3IHIIiK YCTaHBIMAAPHIH HEIFAHTaIbL.
Hanenmemnai xatanu3atopiapabl maiganaHa OTBHIPHIN, MaKCaTThl Oip CaTBUIBI CHHTE3 YIIiH TaOWFH JKOHE MyHaiFa
imecrie ra3mapasl (KypaMbeiHOa 65-teH 98%-ra nein MeTaH 0ap) aKTUBTEHIIIPY OPTaHUKANBIK KaTaIn3 CaJachIHIAFbl
€H ©3€KTi )KoHe MaHbI3/bl MiHJeTTepiH Oipi. Kasipri yakeitra KazakctaHHBIH ra3 eHiey 3aybITTapbl HETi31HEH ra3 bl
TYPMBICTBIK MaKcaTTa Maiijajiany YIIiH Cy/JaH, KOMIPKBIIIKbUI T'a3bl MEH KYKIPTCYTeri KochalapblHaH Ta3apTyMeH
ariHampicaabl. COHABIKTaH TaOWFH Ta3/ibl KYHJBI OHIMAEPre alHAIBIPY YIIIH THIMJI KaTaJM3aTOPJIap/sl d3ipiieyre
JIETeH YJIKeH SKOHOMUKAIIBIK KaXETTUIK Oap. O KYHre JIeiiH MeTaH/bl aHaFypJIbIM KYHIIbl XUMHUSUIBIK 3aTTapra
alHANBIPY IBIH JKAIFBI3 SKOHOMUKAIIBIK JKOHE KOJDKETIMJII MKOJIbl — CHUHTe3-ra3 eHAipici. benceHni »xoHe TypakThl
KaTaJIn3aTopiiapibl MaianaHa OTHIPEIN, MCTAHHAH CHHTE3-Ta3/lbl aly XUMUS JKOHE MYHaH-XUMHUS OHEPKOCiOi yIIiH
MaHBI3Bl POl aTKapaubl. OJEMJIK a3 eHJCY OHEPKOCiOiH NaMBITYIBIH KeEIlelIeri OTHIH KOCIaJapbhlH OHIIpYyTre
HETI3JIeITeH CHHTE3-Ta3 OCH KOMIPCYTEeKTepIi ayAblH YKaHa SKOJIOTHSUIBIK Ta3a KaTalu3[IiK TEeXHOJIOTHUSIIAPBIH
KYpyFa jkKoHe OHBI eHTi3yre OaimaHbIcThl. Kazipri 3aMaHFbI SKOJIOTHSUIBIK Ta3a OTHIH peTinae cuaTe3-ra3nsl (CO+H,),
COHJaif-aK KpIMOAT TypaThIH onehUHAEpAlI MAaKCAaTTHl OHAIPY TaOWFW Ta3mbl TYpJICHAIpyHeri O0acThl Kamam OOJBIT
caHalabl.

Korappina atanmFaH ypzictep YIIiH OyphIH NaifaJaHbUIFAaH achll METaJJaplIblH OpHBIHA COHFBl YaKBITTa
OKCHTI KaTalu3aTop MEH OHBIH KOCHanapbl Heri3iHjeri KOMMo3uTTep Konganbutyaa. COHFbBI JKbLIIAPbl ©3MiriHEeH
TapayaThIH JKOFapbl TEMIIEpATypajbl CUHTE3 dicCi, acipece OHbIH MoaupuKausicel — epitinaine xany aaici (SCS)
apKbUIBI J)KYKa JAUCIIEPCTI OKCHATEP MEH IIMHHENbAEP/Ii CHHTE3/Iey KEHIHEH Tapajiy/a.

Epirtingine »xany amiciMmen Co - Al - Mg - Mn + HecenmHop KaTaau3aTopJIaphIHbIH CEPHICH My(ENbIiK MeTe
nmabiHanel. Karanusaroprapapl epiTiHIiAe jkaHy SAiCIMEH CHHTE3Jey YpIiCiHAEe KaHyIbIH €Ki PeXuMi xKysere
achIpbIIAIbl: KOJIEMJIK >KapbUIbIC JKOHE ©3[IriHeH Tapairy pexuMi. KemeMIik »apbuiblc pexXuMi Ke3iHze epiTiHi
anmeIMeH OIpPTiHICN KBI3aJbl JKOHE KypaMbIHIArbl cy OyinaHanel. Cy OyiaHFaHHAH KEWiH Telb maiiia Ooiajsl.
Mydens neminaeri temmnepaTtypa OipTiHAEN IIEKTIK TeMIlepaTypara AeHiH KOFapbpUIaimpl. TemmepaTypa ImieriHe
JKETKEeH]IE SK30TEPMUSUIBIK PEaKIisl KaTaTn3aTOpAbIH OapiblK KelleMi OOMBIHIIA KY3€Te aChIPBLIA B

Epirinnine xany oaici apkeuisl 300 - 600°C Temneparypana paiteiaganran 12,5% Al - 12,5% Co - 12,5% Mg -
12,5% Mn + 50% HecemHop KaTalnM3aTOPJIAPBIHBIH OCICEHAUIIN arbIMIbl KaTalM3IiK KOHABIPFBIAA 3€PTTEIII.
Peakumsnbiy maptel: 34% CHs + 17% O; + 49% Ar, xenmemuik sxpuimamaelk 2500 car’!, an peakuusiHbIH
temnepatypacel — 900°C. Temmepartypa 500°C kxe3inae naibmnanran 12,5% Al - 12,5% Co - 12,5% Mg - 12,5% Mn
+ 50% wnecennop karaimzatopbl Hz (96,5%) sxone CO (97.4%) OONBIHIIA KOFAphl CEIEKTHUBTUIIKTI KOPCETTI.
MerannbiH KoHBepcusichl 98,5% kepcerti. Onman opi AalbplHAANFaH YITUIepAiH OEJICEHAUNrIH aHBIKTay YIIiH
KaTaliu3arop KypamblHa TYpJIeHAIpY IKyprizinmi. KypaMblHOarbl 3JIEMEHTTEpIi TYPJICHIIPY HOTIIKECIHIIE
nmaiierananrad Al-Co-Mg-Mn karanuszaropiapia €H Kell MeIIIepae allOMUHHNA, COHBIMEH Karap KOOAIBTTHIH
MeJiepi kem OOJIFaH jKaFnaiiia KaTaru3aTopiiap eH XKOFapbl OCJICEHIITIK TAHBITATHIHBI aHBIKTAJIJIBL.

CunTes-Ta3 any yurin oHraiinsl karnaii: T = 900°C nen W = 2500 car! 6onranna, CHs-Tin konsepcusicer 98%,
aJ MakKcaTThl OHIMAEpAiH MBIFBIMBL Hy - 98 - 99% xone CO - 40 - 43%, GomaTeiHbl akpiHAanel. CoHOali-ax,
KaTanu3aTop KypaMbIHAAa METaHHBIH TOTBHIFA aifHaTy *KYMBICBIHA OEJICEH[I BIKMAaN €TETiH KapamaibIM jKOHE apaiac
OKCHITEPIiH, METaJUT alFOMUHATTAPbI MEH IITHHETh TYPIHACT1 KYPBUIBIMIAp aHBIKTAIIbL.

Tyiiin ce3nep: KaTaIu3iK TOTBIFY, METaH, CHHTE3-Ta3, KOOAIbT, MarHUH.




News of the Academy of sciences of the Republic of Kazakhstan

I'.H. Kaymenosa'?, . Kcannony.o®, E.K. Coserdex!?,
T.C. Baiizkymanosa'?, C.A. Tynrarapora'?, C.0. Koros*

"MucTuTyT TOnMBa, KaTanusa u snekrpoxumun uM. J.B. Cokonbsckoro, Anmarsl, Kazakcran;
2Ka3axCKuii HAIMOHAIIBHBIN YHHBEPCHTET MM. anb-Dapabu, Anmarsl, Kasakcran;
SUHCTUTYT HaHOHAyKH U HaHoTexHojtorui, HITHU demokput, Adunsl, I'penus;

“Tapasckuii rocyapcTBeHHbIH ynusepcuteT umend M. X. Jlynatu, Tapas, Kazaxcran

Co-Mg-Mn KOMITO3UTHBIE KATAJIU3ATOPBI
IMAPIHUAJIBHOI'O OKUCJIEHUA ITPUPOITHOI'O I'A3A

AnHOTanusi. B /BagnaTh nepBOM BEKe UENIOBEYECTBO CTAIKMBAETCS C INIOOABHOM ITpoOieMol M3MEHEeHUs
KJIMMaTa 3eMJId B pe3yJibTaTe pocTa KOHLEHTPALMK MapHUKOBBIX I'a30B B arMocdepe. [Ipobiiema mapHUKOBBIX ra30B
M MX COKpaIlleHHE TECHO CBSI3aHbl C YHEPreTHUECKON 0€30MaCHOCThIO, CTA0MILHOCTBIO TII00aIBHBIX YHEPreTHYECKUX
PBIHKOB U YCTOHYHMBOTO Pa3BUTHUS KaKIOTO FOCYIapCTBA U MUPOBOTO cOOOMIecTBa B 1eloM. [IpHHATO cUuTaTh, 9T
MOJTHOE BOCCTAaHOBJICHHWE M CMSATYCHHE TOCICACTBUN W3MEHEHHS KIMMara B HACTOSIIEe BpeMs HEBO3MOXKHO, HO
HEOOXOAWMO TIPHHATH MEpHI IO COKPAIICHHWI0 BBEIOPOCOB aHTPOIIOTEHHBIX TAPHUKOBBIX Ta30B. l3ydeHne
CEJIGKTUBHOTO OKHCJIMTEIBHOTO MPEBPAllCHHs MeTaHa COOTBETCTBYET IpHOpHTeTaM pa3BuTusi Kaszaxcrama B
HCTIOJIH30BaHUH COOCTBEHHBIX YIII€BOAOPOAOB. Ilo mMporHO3aM, HACKHIIIIEHHBIE YTICBOAOPOABI HE TOJIBKO COXPAHSAT,
HO M YKPEIIAT CBOM MO3HUIUN B KaUYCCTBEC ChIPbA AJIA IMOJTYUCHUA EHHBIX OPraHUYCCKUX Coe[ll/IHEHl/II‘/II 1 TOIIJIMBHBIX
KOMITO3MLIMI, KOTOpble OyIyT CHOCOOCTBOBaTh BO3POXKICHUIO HAIIMOHAIBHOW HE(PTEXMMHUYECKOH NPOMBILI-
JICHHOCTU. AKTHBAIMsl MPUPOIHOTO M TMOIMYyTHOro He(TsHOro rasa (comepxamiero ot 65 g0 98% wmerana) mis
LIEJICBOTO OJHOCTAJMHHOIO CHHTE3a C KCIOJIb30BAaHWEM HAHOPA3MEPHBIX KaTaIM3aTOPOB SIBISETCS OJHOW U3
HanOoiee aKTyalbHBIX M BaKHBIX 337ad B OOJACTH OpraHMYECKOro KaTainsa. | a3zomepepadaThIBaronive 3aBOJIbI
Kazaxcrana B HacTosiiiee BpeMs 3aHUMAIOTCsl B OCHOBHOM TOJIBKO OYHCTKOM Ia30B OT BOABI, MPUMECEH yIIIeKUCIOro
ra3a ¥ cepoBOIOpOJa IS WX HCIIONB30BaHUA B OBITOBBIX IeisiX. [103ToMy cymiecTByeT OOJBIION 3KOHOMUYECKHI
CTUMYJ B pa3paboTke 3PPEeKTHBHBIX KaTaJIH3aTOPOB LIS IMPEBPAIICHHS TIPUPOIHOTO Ta3a B IICHHBIC MPOIYKTHL. [0
CHX TIOpP €JMHCTBEHHBIM SKOHOMHYECKH IOCTYIHBIM ITyTEM MpeoOpa3oBaHUs MeTaHa B Ooliee IEHHBIE XUMUYECKUE
BEIIIECTBA SBJSIETCS MTPOU3BOJICTBO CHHTe3-ra3a. [lomydyeHne cuHTE3-Ta3a U3 MeTaHa C MCIOJIb30BaHHEM aKTUBHBIX 1
CTaOMJIbHBIX KaTaJM3aTOPOB HWIPAET BaXKHYIO pOJb B XHMHYECKOW W HEPTEXUMHYECKOH MPOMBIIIIIEHHOCTH.
[lepcrieKTHBBI pa3BUTHS MHPOBOH razornepepadbaThBAIONICH MPOMBIIUICHHOCTH CBA3aHBI C CO3/IaHIEM U BHEJIPEHUEM
HOBBIX KaTaJUTUYECKUX DKOJIOTHUECKH YHUCTBIX TEXHOJIOTUi TMOJIYUCHHUS CUHTE3-Ira3a U yrjiieBoagopoa0B, OCHOBAHHBIX
Ha TPOU3BOJICTBE TOIUIMBHBIX cMeced. [lepBbIM miarom B NpeoOpa3oBaHUM IMPHUPOJHOrO Ta3a 4YacTo SBISETCS
nesieBoe mpou3BoacTBO cuHTe3-raza (CO+H;) Kak 3KOJOrMYECKH YHUCTOTO COBPEMEHHOI'O TOIUIMBA, a TaKkKe
JIOPOTOCTOSINX 0JIe(pHOB.

Jnst BBIIENIEpEYHCIIEHHBIX MPOLIECCOB B ITOCIIETHEE BPEMs MCIOJIB3YIOT OKCHIHbBIE KAaTajlu3aToOpbl, X CMECH,
KOMITO3UTBl Ha MX OCHOBE BMECTO OJaropomHbBIX METAJUIOB, KOTOpBIE HCIIONB30BAIM paHee. Meron
CaMOpPAacIIPOCTPAHSIOMIETOCS BBHICOKOTEMIIEPATypHOTO CHHTE3a IIONYYWIT PACIPOCTPAHEHHWE B IIOCIEIHUE TOIBI,
0ocobeHHO ero Momudukanus — MeTon pacTtBopHoro ropeHus (SCS), B pe3ynbTaTe KOTOPBIX CHHTE3UPYIOTCS
TOHKOJIMICTIEPCHBIC OKCHIBI M IIITHHEIH.

Karanuszarops! cepuun Co - Al - Mg - Mn + MoueBHHa ObUIM NPUTOTOBIICHBI B My(eNbHOH MeYl METOI0M
pacTBOpHOTO TOpeHus. B mporecce cuHTE3a KaTaau3aTOpPOB METOIOM TOPEHHS B PAacCTBOPE OCYIIECTBISETCS IBa
peKrMa ropeHus: 00beMHBII B3PBIB U CAMOPACIPOCTPAHSIONIMNCS pexuM. B o0bemMe B3pBIBHOTO peXuMa pacTBoOp
HarpeBaeTcsi U Boja ucmapsiercsi. Ilocne wcnapeHusi Boubl oOpasyercst rejib. TemmepaTypa B MyQenbHOU Iedn
MOCTETICHHO PACTEeT JO KPUTHUYECKOM TemrepaTypbl. Kak Toibko TeMmeparypa OOXOAWUT 1O KPUTHYECKOM,
9K30TEpPMHUECKasl peaKiys OCYIIECTBISIETCS 10 BCEMY 00beMYy KaTaln3aTopa.

Bruto mpoBeneHo wuccnenoBanue aktuBHOCTH 12,5% Al - 12,5% Co - 12,5% Mg - Mn + 50% MmoueBuHa
KaTanu3aTtopos, npurorosiaeHHbIX mpu 300 - 600°C mMeTooM ropeHus: B pacTBOpe, B MPOTOYHOM KaTaaUTUYECKOMN
ycraHoBke. Ycnosus peakimn: 34% CHa + 17% O, + 49% Ar, o6wemuas ckopocts 2500 u!, temneparypa peakunn
- 900°C. Karammzarop 12,5% Al - 12,5% Co - 12,5% Mg - 12,5% Mn + 50% modeBHHa, IPUTOTOBICHHBIA MPH
500°C, mokasan BbIcOokme cenektuBHOCTH 10 Hy (96,5%) m CO (97.4%). KonBepcust merana cocraBmia 98,5%.
Janee s ompenesieHHss aKTHBHOCTH 00pa3loB ObUIO TPOBEACHO BapbUPOBaHHE COCTaBa KaTajiuzaropa. B
pe3yJnbrare BapbupoBaHus cojepkanus eMeHToB B Al - Co - Mg - Mn karaiu3aropax ObUIO YCTaHOBJICHO, YTO B
ciIy4ae HanOOJBIIETO COACPKAHMS aTIOMHHHUSA M B OCOOCHHOCTH KOOanbTa KaTaJH3aTOPhI MPOSBISIOT HAUBBICIIYIO
AKTHUBHOCTb.

OnTuManbHBIMU YCIOBUSIMH JIJISl TIONMY4YeHUs] CHUHTE3-ra3za sBisitorcsa: 98% xonBepcus CHiy, BBIXOHA LIENEBBIX
npoxyktos: Hy - 98 - 99% u CO - 40 - 43%, T =900°C u W = 2500 u™!. YCcTaHOBIIEHO IPUCYTCTBHE B KATAIU3aTOPAX
MPOCTBIX W CMEIIAHHBIX OKCHJIOB, aJIOMUHATOB METAIOB M CTPYKTYp IIIHMHEIBHOTO THIIA, IPUCYTCTBHE KOTOPHIX
CIOCOOCTBYET aKTHBHOW paboTe KaTain3aTopoB OKHCIUTEILHOTO PEBPAILCHNsI METaHa.

Ki1roueBble c10Ba: KaTaAINTHYECKOE OKHUCIICHHUE, METaH, CHHTE3-Ta3, KOOaJIbT, MarHUi.
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