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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(NOs)2 - AI(NOs)s - Mg(NOs)2 - Mn(NOs)2 + 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: CHa
conversion - 98%, yield of target products: Hz - 98 - 99% and CO - 40 - 43%, T = 900cC, space velocity - 2500 h-1
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.
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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 + H2) 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 ofthe activity ofthe developed SCS catalyst based on Co - Al - Mg - Mn,
capable of carrying out the process of oxidative conversion of methane into synthesis-gas.

Experimental

Catalystpreparation

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 ofthe reasons for the high activity ofthe 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 (X= 1.5406E) radiation in steps of
0.0371" in the 20 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 ofthe Co - Al - Mg - Mn + urea series were prepared in a muffle
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 ofthe volumetric combustion regime of the system 12.5% Co(NOs)2 +
12.5% AI(NO3)3 + 12.5% Mg(NO3)2 + 12.5% Mn(NO3)2 + 50% urea.

In the process of synthesis, the solution evaporates at To = 100°C and a gel is formed starting from
temperature T1 = 167°C, and a volumetric explosion occurs with T2 = 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 ofthe volumetric combustion mode
ofthe 12.5%All - 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 T, T1 Tz

12.5% AI(NO3)3 - 12.5% Co(NO3> - 12.5% Mg(NO3> - 12.5% Mn(NO3)2 + 926 286.1 564.2
509 CO(NH2)2

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

3% AI(NO3)3 - 3% Co(NO3)2 - 3% Mg(NO3> - 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> - 3% Mn(NO3)2 + 50% 973 284.0 523.6
CO(NH2)2

3% AI(NO3)3 - 41% Co(NO3)2 - 3% Mg(NO3> - 3% Mn(NO3)2 + 50% 100.7 276.0 4917
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
(To), the ignition temperature (T1), and the adiabatic flame temperature (T2). The adiabatic flame
temperature indicates the maximum combustion temperature achieved under adiabatic conditions.

Study ofthe 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 9000C,
GHSV = 2500 h-1, 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.

Figure 2 - Dependence of methane conversion and selectivity by H2
and CO from the catalyst preparation temperature

66



ISSN 2224-5286 Series chemistry and technology. 4. 2020

The catalyst 12.5% Al - 12.5% Co - 12.5% Mg - 12.5% Mn + 50% urea prepared at 500°C showed
high selectivity by Hz (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 H. and CO on catalysts
of various compositions during the oxidation of methane to synthesis gas

Catalysts XOH, % Selectivity, %
H2 CO
12.5%Al - 125%Co- 12.5% Mg - 12.5% Mn + 50% CO(NH:)2 94.7 95.4 994
41% Al - 3% Co - 3% Mg - 3% Mn + 50% CO(NHz> 421 63.8 745
3% Al - 41% Co - 3% Mg - 3% Mn + 50% CO(NH2> 99.7 87.9 96.9
3% Al - 3% Co - 41% Mg - 3% Mn + 50% CO(NHz> 14.7 195 22.6
3% Al - 3% Co - 3% Mg - 41% Mn + 50% CO(NHz> R4 429 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 - 125% Co - 125% 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 H2/CO ratios, are
almost identical both at 1500 h-1and at 2500 h-1 The methane conversion reaches 94 - 98% in both cases.
The H2/CO = 2 is achieved at a space velocity of 1500 h-1, starting from 800°C, which is favorable for
syntheses of alcohols and olefins. The ratio slightly exceeds 2 at 2500 h-1 At a space velocity of 2500 h-],
the highest values were obtained for the yields of H2 and CO. When implementing the process at 1500 h-1,
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 ofthe catalysts.
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Figure 3 - X-ray phase analysis of catalysts of various compositions based
onAl -Co-Mg-Mn+urea. 1-KCl, 2 - Co304, 3- MgAkO4, 4- CoAkO4, 5- MgO, 6- MnO, 7- Mn508
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As a result of X-ray phase studies, it was found that the samples contained: Co3sOs, MgAhQOa,
Co Al204, MgO Periclase, MnO, and MnsOs.

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
m2g cm3g size, nm
12,5% Al - 12,5% Co - 12,5% Mg - 12,5% Mn + urea 7.6 0.02 118
41% Al - 3% Co - 3% Mg - 3% Mn + urea 52 0.02 114
3% Al -41% Co - 3% Mg - 3% Mn + urea 6.1 0.02 137
3% Al - 3% Co - 41% Mg - 3% Mn + urea 7.8 0.03 168
3% Al - 3% Co - 3% Mg - 41% Mn + urea 54 0.02 143
20% Al - 20% Co - 5% Mg - 5% Mn + 50% urea 222 0.03 185

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 ofthe 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: P-MnOz, Bo3moxHo, Co0203. 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-MnO2z, MgHo.ss,
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:
CHa« conversion - 98%, yield of target products: Hz2 - 98 - 99% and CO - 40 - 43%, T = 9000cC,
GHSV = 2500 h'L

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-1 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 T'A3Abl KOMMO3UTT1 Co-Mg-Mn KATAJTM3ATOPJTAPbIHOA
NMAPUUVANABLI TOTbWTBIPY

AHHOTauus. XXublpma 6!pi! raceipga agamsar atmocepasa NapHUKNK rasfapAbiH WorbipiaHy MesLepLuLy,
ecy! HaTwxeclufe XKepgen KMMaTTbIH e3repyuii, >kahaHablK npobnemackiHa Tan 6on4pl. MapHUKNK rasgap >xaHe
onapAblH Tapany KarfaiblH 63ceHAeTY Macenea JHepreTUKasblK KayllasaT, ahaHAblK 3HepreTmkanbik
HaPbIKTbIH TPaKTbIIbITbIMEH XX3HE MEMJIEKETTEDP MEH Xasrnbl 3/1eMI)K KOraMaCTbIKTbIH TEPaKTbl JaMybIMeH ThirbI3
6aiinaHbICcTbl. Ka3!pn yakbITTa KAIMMATTbIH e3repy CanfapblH TOMbIK Ka/nblHA KEINIPY JK3HE OHbl XELLIAETY dKeL
TUMeWa!, fereHMeH aHTPOMOoreHAW NapHUKK ras WhbirapblHAbICbIH a3alTy XeHLaen wapanapabl Kabblngay KakeT.
MeTaHabl Taramipbl TOTbIKTbIPA aliHanAblpyabl 3epTTey KasakCTaHHbIH e3LArk Kem!pcytekTepll naiganaHyablH
famy bacbiMabIKTapblHa calikec kenea! XacanblHraH 60mkamaap 60ibIHLLE KaHbIKKaH kem!pcyTekTep Lumk13aT ke3!
penHAe raHa cakTaiMai, ¥ATTbIK M Hall-XMMUA €eHEepK3abll KaiTa >kaHAaHAbIpyra bIKMan eTeTi K¥HAbl
OpraHVKablK KOCbINbICTAp MeH OTblH KOMMO3WUMANapbiH any YiiH e3!HmpK “~CTaHbIMAApbIH HbiraiTagbl.
HaHenwempg! katannsatopnapgbl naganaHa oTbIpbIn, MakcaTTbl 6!p caTbiibl CMHTE3 YLUIH Taburn »xaHe M Haiira
Lwecne rasgapapl (K¥pambiHga 65-TeH 98%-ra felH MeTaH 6ap) aKTUBTEHA!PY OpraHUKa/IbIK KaTain3 casiacbiHAarsl
€H e3eKM X3He MaHbI3abl M!HAeTTepAw, 6!p! Kas!pn yakbiTTa KaszakcTaHHbIH ra3 eHAey 3aybITTapbl HEM3LLEH rasjpl
T PMbICTbIK MakcaTTa naifganaHy YLUiH cyaaH, KeM!pKbILWKbIA rasbl MeH KYKIPTCYTeri KocnanapblHaH Ta3apTyMeH
aiiHanbicagpbl. COHAbIKTaH Tabury rasgbl K¥HApl elwimaepre aiHangbipy YLiH Tiwima! Katanvsatopnapibl 33lpneyre
[lereH Y/IKeH 3KOHOMMUKASbIK KaXXeTTWK 6ap. dn! KYHre [eluH MeTaHabl aHarpsibiM K¥HAbl XUMUASBIK 3aTTapra
aHangbIpyAblH XXarbl3 3KOHOMUKABIK XK3HE KO/MKENMA! oMbl - cuHTEe3-ra3 eHal!pra. benceHa! »aHe TepakTbl
KaTanmsatopnapfbl NaifanaHa oTbipbIn, MeTaHHAH CUHTE3-rasfbl any XMMUS XX3He M Hall-xumuma eHepkaab! YiuiH
MaHbI3[bl pef atkapafbl. ONemiX ras eHfey eHepkaabll [ambITyAblH Kenewlen OTbIH KocranapbiH eHalpyre
HensgenreH cuHTtes-ra3 6eH kemlpcyTekTepa! anyfblH >KaHa 3KONOTMANBIK Ta3a KaTau3mX TEXHOMOruUsanapbiH
K¥pyra >x3He OHbl eHN3yre GalifaHbiCTbl. Kas!pn 3amaHrbl 3KOMOrMs/bIK Tasa OTbIH PenHAae cuHTes-rasgbl (CO+H2),
COHfali-aK KbiMbaT TpaTbiH onedmHAeps! MakcaTTbl eHA!py Taburn rasgsl TypneHg!pygen 6actbl kagam 605bIn
caHanafpl.

Xorapbiga atanraH YP[ictep YwiH 6¥pbiH naiganaHbiiraH acbll MeTangapiblH OpHbIHA COHIbl yaKbITTa
OKCMAa KaTanmsatop MeH OHbIH Kocnanapbl Hen3!HAen KoMno3uTTep Kongadbinyga. COoHrbl Xbingapbl e34THEH
TapanaTblH XXorapbl Temneparypasibl CUHTE3 3/ra, 3apece OHbIH MOAMMUKALMACKH! - epTHABAeE aHy afra (SCS)
apKbI/bl XX Ka A1Crepcn OKCUATEP MeH LUNUHeNbAEpA! CUHTe3aeY KellHeH Tapanyga.

EpTHABAE xaHy sgrameH Co - Al - Mg - Mn + HecenHap KaTaim3aTop/iapbiHbIH CepUACchl MyerbaLl neute
faribiHgangbl. Katanmsatopnapgbl epTHABAE XaHy sarameH cuHTesgey YPAiciHae >xkaHyfbiH ekl pexxum! xY3ere
acblpblnagpbl: KefeMALl XapblibIC >X3He e3flHeH Tapany pexum!. Kenemawl apbiibic pexxum! keslHge epTHA!
angbiMeH 6!pnHAen Koi3afbl X3He Kk¥pamblHgarsl cy GynaHagsl. Cy OynaHraHHaH KewH refb naiga 6onagsl.
Mydenb nmew'Hgen TemnepaTypa 6!pnHAen LUeKNK TemrepaTypara AeLUH >xorapbliaigsl. Temnepatypa LuerHe
XETKEH/E 3K30TEPMUANbIK PeaKLMs KaTam3aTopabiH 6apbik kenem! 6oibiHLWA XY3ere acbipbliagpl.

EpTHABAeE XaHy aara apkbiibl 300 - 6000C TemMnepaTypaja gavibiHganraH 12,5% Al - 12,5% Co - 12,5% Mg -
12,5% Mn + 50% HecenHap KaTasm3aTopnapblHbiH GefceHALWn arbiMabl KaTau3faw KOHAbIprbla 3epTTengr
PeakumaHbiH wapTel: 34% CH4 + 17% O2 + 49% Ar, KenemXx Xbingamgablik 2500 car-l, an peakumsHbIH
TemnepaTypachkl - 9000C. Temnepatypa 5000C Ke3wge gaibiHganraH 12,5% Al - 12,5% Co - 12,5% Mg - 12,5% Mn
+ 50% HecenHap KaTanmsatopbl Hz (96,5%) »3He CO (97.4%) 6olibiHIWA >KOrapbl CeNeKTUBTLUKN KEepCceTn.
MeTaHHbIH KoHBepcuschl 98,5% kepcetn. OpaH 3p! palibiHganraH YArinepgiH 6enceHAWnH aHblkTay YLUiH
KaTanmMsaTop K¥pambiHa TYpneHgipy kYprisingi. K¥pambiHgarol anemeHTTepa! TYprneHipy — HaTwKecLuae
pavibinganraH Al-Co-Mg-Mn katanusatopniapfa €H Ken MesepAe a/IlOMUHWIA, COHbIMEH KaTap KO6anbTTbIH
menwep! Ken 60nraH xarganga Katanmsatopnap eH Xorapbl 6e/1CeHALK TaHbITaTbIHbI aHbIKTa/abl.

CuHTe3-ra3 aty YLiH OHTainbl xargaii: T = 900cC neH W = 2500 car-1 6onraHga, CH4-Tuy, kKoHBepcusicbl 98%,
aJl MaKcaTThbl elMAEPALY, WhirbiMbl: H2 - 98 - 99% >aHe CO - 40 - 43%, 6onaTbiHbl aikbiHgangbl. CoHpali-ak,
KaTa/m3aTop K¥paMblHAa MeTaHHbIH TOTbIra aliHaiy »¥MbICbiHa 6enceHa! biKnan eTeTwl KapanavibiM XXaHe apanac
OKCWUATEPALL, MeTanl a/IloMUHATTapbl MeH LUMUHENb TYPIHAETT K¥PblIbIMAAP aHbIKTagbl.

TywWH ce3aep: KaTtanu3mK TOTbIry, MeTaH, CUHTE3-ra3s, KobanbT, MarHuii.
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Co-Mg-Mn KOMIMO3NTHBLIE KATA/IM3ATOPHI
MAPUMANIBHOIO OKNCNEHNA NMPNPOOHOI O N'ASA

AHHOTauus. B fgBaguaTb NepBOM BeKe YeNOBEYECTBO CTa/IKMBAETCHA C F/106anbHOM NPo6aeMOi M3MEHEHNS
KnmmaTa 3emn B pe3ynbTaTe pocTa KOHLEHTPaLMM NapHWKOBBIX ra3os B aTMocdepe. Mpobiema napHUKOBbLIX ra3os
M MX COKpaLLIeHNe TECHO CBSA3aHbl C 3HEPreTUYecKoi 6e30MacHOCTbI0, CTabUAbHOCTLIO F106a/IbHbIX 3HEPTeTUYECKMX
PbIHKOB ¥ YCTOMUYMBOrO PasBUTMA KaXAOro rocyaapcTsa M MAPOBOro COO6LLECTBA B LenoM. MPUHATO cumTath, YTO
MO/IHOEe BOCCTaHOB/IEHWE W CMArYeHWe NOCAeACTBUIA M3MEHEHMS KIMMaTa B HacTosllee BpPeMs HEBO3MOXHO, HO
HEOOX0AMMO TMPUHATL Mepbl MO  COKPaLLeHU BblGPOCOB aHTPOMOreHHbIX MAapHUKOBbIX ras3oB. W3yyeHue
CeNEKTVBHOIO OKWC/IUTENIbHOTO MpeBpaLleHns MeTaHa COOTBETCTBYET MpuopuTeTaMm passutus KasaxcraHa B
1CMOMb30BaHNN COOGCTBEHHBIX YrneBoLopoAoB. M0 NporHo3am, HaCbIWeHHbIe Yr1eBOAOPOAbl He TOMbKO COXPaHsT,
HO W YKpenaT CBOW MO3ULMM B KA4YeCTBE CbIpbA A1 NOMYYEHUSA LEHHbIX OPraHNYecKUX COeAVMHEHUIA N TOM/IMBHbIX
KOMMO3WLWiA, KOTOpble OyayT Cnoco6CcTBOBaTb BO3POXAEHWHID HALMOHAMBHON He(TEXMMMNYECKON MPOMbILL-
NeHHoCTU. AKTMBaUMA NPUPOLHOro WM MOMYTHOro HedTaHOro rasa (cofepxkawlero ot 65 go 98% mertaHa) Ans
LIeNIeBOro  OAHOCTaAMIHOIO CKHTE3a C WCMO/b30BAHWEM HaHOpa3MepHbIX KaTann3aTOpoB SABAAETCH OAHOW W3
Hanbonee aKTyalbHbIX W Ba&XHbIX 334a4 B 06/1aCTVM OpraHMyeckoro kataimsa. lfasonepepabaTbiatoLime 3aBOAbl
KasaxcTaHa B HacTosiLLee BpeMs 3aHMMAtOTCA B OCHOBHOM TOJ/IbKO OUMCTKOI ra3oB OT BOZAbI, NPUMECEN YINeKUCNoro
rasa u cepoBOAOPOJA A/ MX UCMO/b30BaHNSA B ObITOBLIX Liensx. [103ToOMy CyLlecTByeT 60MbLUOA IKOHOMUYECKUIA
CTUMYN B pa3paboTke 3PPEKTUBHLIX KaTa/M3aTOPOB A4 NpeBpalLeHns NPUPOLHOro rasa B LEeHHble NpogykTbl. [o
CUX MOpP eAWHCTBEHHbLIM 3KOHOMUYECKW JOCTYMHBLIM MyTEM Npeobpa3oBaHUs MeTaHa B 60/iee LieHHbIe XMMUYECKme
BeLLleCTBa ABNAETCA NPOU3BOLACTBO CMHTEe3-ras3a. [onyyeHre CuHTE3-rasa U3 MeTaHa C MCMo/b30BaHNEM aKTUBHbIX U1
CTabWMbHbIX KaTaM3aTOPOB WrpaeT BaXHYHD POSib B XUMWUYECKOW W HeTEXMMUYECKOH MPOMBILLIEHHOCTM.
MepcnekTuBbI Pa3BUTUA MUPOBOIA rasonepepabaTbiBatoLLeli MPOMbILLIEHHOCTM CBA3aHbI C CO34aHNMEM W BHEAPEHWEM
HOBbIX KaTa/IMTUYECKNX IKOSIOTMYECKM YUCTbIX TEXHONOMMI MOMYYeHWs CUHTe3-rasa 1 yrnesoLopof0B, OCHOBaHHbIX
Ha MPOM3BOLCTBE TOM/MBHLIX CMeceid. lMepBbiM LaroM B Npeobpa3oBaHUK MPUPOAHONO rasa 4acTo sB/SeETCS
LeneBoe npom3BoACTBO cuHTe3-rasa (CO+H2) Kak 3KOMOTMYECKUM YMCTOr0 COBPEMEHHOrO TOM/IMBA, a TakKke
[lOpOrocTosALLMX OfleUHOB.

[na BbllwenepeyncneHHbIX NpoLECcCoB B MOCNEAHEe BPEMSA UCMOMb3YIOT OKCUAHbIE KaTanu3aTopbl, UX CMeCH,
KOMMO3WUTbl Ha WX OCHOBE BMeCTO 6/1aropofHbIX MEeTa//1I0B, KOTOpble WCMOMb30Ba/IM  paHee. Metoq
CaMopacrpoCTPaHSOLLErocs BbICOKOTEMMNEPATYPHOro CUHTE3a MOMy4Yun pacnpocTpaHeHWe B MOCMEeHWE Tofbl,
0COBEHHO €ero MoAuMKauus - MeTof pacTBOPHOro ropeHust (SCS), B pe3ynbTaTe KOTOPbIX CUMHTE3MPYHTCA
TOHKOZMCNEPCHble OKCUAbI U LUMUHENN.

Katanusatopsl cepun Co - Al - Mg - Mn + mo4eBUHa 6blM NPUrOTOBIEHbI B My(e/IbHOM Neyn MeTogoM
pacTBOPHOro ropeHuns. B mpouecce CMHTE3a KaTaau3aTopoB METOLOM TOpeHWsi B pacTBOpe OCYLLECTBASETCS [Ba
peXnma ropeHns: 06bEMHbIN B3PbIB 1 CaMOPACcMpPOCTPaHSIOWMIACA pexxuM. B 06beme B3pbIBHOTO peXkrMa pacTBop
HarpeBaeTcs M Bofa ucnapseTcs. [Mocne ucnapeHus BoAbl 06pasyeTca refib. Temnepatypa B Mydge/nbHOW neuu
MOCTEMEeHHO pacTeT 40 KPUTUYeCKOW TemnepaTypbl. Kak TOMbKO TemrepaTypa AOXOAUT [0 KPUTUYECKOIA,
3K30TepMUYeCcKas peakLma OCYLLECTB/IETCA MO BCeMy 06beMy KaTaimsaTopa.

Bblno nposefeHO uccnefoBaHWe akTMBHOCTM 12,5% Al - 125% Co - 12,5% Mg - Mn + 50% Mou4eBMHa
KaTa/13aTopoB, NPUroToB/eHHbIX Npu 300 - 6000C METOAOM FOpeHMs B PacTBOPE, B MPOTOYHOM KaTaIMTUYECKOM
YCTaHOBKe. YcnoBusa peakuun: 34% CHa + 17% Oz + 49% Ar, 06beMHasa ckopocTb 2500 y-1, TeMnepatypa peakuum
- 900cC. Katanusatop 12,5% Al - 12,5% Co - 12,5% Mg - 12,5% Mn + 50% MOuYeBMHa, NMPUrOTOBNEHHbIA Npu
5000C, nokasan BbICOKMe cenekTuBHOCTU Mo H2 (96,5%) n CO (97.4%). KoHBepcus MeTaHa cocTtasmna 98,5%.
[Janee ans onpegeneHns akTMBHOCTM 06pasLoB OblnO MPOBELEHO BapbMpOBaHWE COCTaBa kaTanusatopa. B
pe3syrbTaTe BapbMpOBaHWUs coaepXaHus anemeHToB B Al - Co - Mg - Mn Katanusatopax 6b1710 YCTaHOBNEHO, YTO B
CNnyyae HambosbLLIEro CofepXaHus antoMUHUSA U B OCOBEHHOCTU KobaslbTa KaTasm3aTopbl NPOSBASIT HaVBbICLLYHO
aKTUBHOCTb.

OnNTUMaNbHLIMK YCNOBUAMU 415 MONYYEHUA CUHTes-rasa asnstotca: 98% koHeepcus CHa, BbIXOA LieneBbIxX
npoayKToB: Hz - 98 - 99% un CO - 40 - 43%, T = 9000C n W = 2500 4-1 Y CcTaHOB/IEHO NPUCYTCTBUE B KaTasm3aTopax
MPOCTbIX Y CMELLAHHbIX OKCWUAOB, a/ltOMUHATOB METANIOB U CTPYKTYP LUMWUHENBHOMO TUMA, MPUCYTCTBME KOTOPbIX
CNocobCTBYET aKTMBHOI paboTe KaTann3aTopoB OKUCIMTENLHOMO NPeBPaLLEHMs METaHa.

KntoueBble C/10Ba: KaTaIUTUYECKOE OKMC/IEHNE, METaH, CUHTe3-ra3, KobanbT, MarHuii.
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