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NAS RK is 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.

KasakcmaH Pecnybrnukacbl YnmmbiK abliibiM akademusicbl «KP ¥FA Xabapnapbl. Xumusi
JKOHEe MEeXHO02Usl cepusichbl» fbifibIMU XypHarsbiHbiH Web of Science-miH xaHanaHraH HycKacbl
Emerging Sources Citation Index-me uHdekcmenyze kKabbindaHraHbiH xabapnaldbl. by
uHdekcmery bapbicbiHOa Clarivate Analytics komnaHusickl XypHanobl o0aH api the Science Citation
Index Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday mecerneciH Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawsinap
MeH MeKkemeriepee KoHmMeHm mepeHOiai MeH carnacklH ycbiHaobl. KP ¥FA Xabapnapbl. Xumus
XoHe mexHonoaus cepusickl Emerging Sources Citation Index-ke eHyi 6i30iH KozamOacmabIK yWiH
€H 63eKmi xoHe 6ederdi XumMusisibIK fbiribiMOap 6olbiHWa KOHMeHmMkKe adanobifbiMbi30bi 6irndipedi.

HAH PK coobwaem, 4ymo Hay4HbIl XypHarn «M3secmusi HAH PK. Cepusi xumuu u mexHorio2uii»
6611 npuHam 0ns uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHOU eepcuu
Web of Science CodepxaHue 8 amomMm UHOeKcuposaHUU Haxodumcs 8 cmaduu paccMompeHus
komnaHuel Clarivate Analytics 0nsa OdanbHeluwez0o npuHamMus xypHana e the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npednazaem kayecmeo 8 arybuHy KoHmeHma 015 uccriedosameriell, agmopos,
u3damernel u yupexoeHul. BknoueHue Nssecmus HAH PK e Emerging Sources Citation Index
deMoHCcmpupyem Hawly npueepxeHHOCmb K Haubornee akmyarnbHOMY U 811UsimeribHOMY KOHMeHmy
M0 XUMUYECKUM HaykaMm Ot Haweao coobujecmea.
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OXIDATIVE DIMERIZATION OF METHANE TO C: HYDROCARBONS

Abstract. The world's oil reserves are decreasing every day due to the continuous production and
processing of the most modern technologies. Scientists all over the world are looking for various raw materials
and methods to use the vast resources of natural gas as a substitute for petrochemicals. In this regard, great
attention is drawn to natural gas as an alternative source of raw materials for petrochemical industries.

The purpose of this work is to study the reaction of methane dehydrogenation on new 20%La-10%Ce-
20%Mg-50% glycine catalysts prepared by the SHS method to identify the optimal conditions for their
preparation, concentration and ratio of metals, the influence of contact time and process temperature on the
direction and mechanism of the reaction.

The results of the study of 20% La-10% Ce-20% Mg-50% glycine catalyst prepared by the SHS method
in the process of oxidative dehydrogenation of methane into C, hydrocarbons are presented. On the basis
of experimental studies, it was found that the composition of the catalyst exhibits high activity in the above
reaction under the found optimal conditions.

Thus, the influence of reaction temperature on the developed composition of catalysts for oxidative
conversion of methane has been determined that the optimum temperature for the selective formation of
ethane and ethylene is T=700°C. It was found that for selective oxidation of a mixture of CH4: Oz : Ar in C,
hydrocarbons the optimal conditions are: T=700°C, CH,:0,=2,5:1, 5000 h™".

Key words: ODM reaction, C, hydrocarbons, SHS method, temperature of reaction.

Introduction. The world's oil reserves are
decreasing every day due to the continuous production
and processing of the most modern technologies.
Scientists all over the world are looking for various
raw materials and methods to use the vast resources of
natural gas as a substitute for petrochemicals. In this
regard, great attention is drawn to natural gas as an
alternative source of raw materials for petrochemical
industries.

According to the annual Statistical Review of

World Energy — 2018, published by British Petroleum
(BP) at the end of 2017 proven natural gas reserves in
the world are estimated at 193.5 trillion cubic meters.

It is known that natural gas is 90% methane. Of
interest is the oxidative dimerization of methane into
ethylene, which makes it possible to obtain a number
of petrochemical products, such as polyethylene,
polystyrene and many other chemical products. This
is primarily due to the low cost of methane compared
to other hydrocarbons [1].
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Materials and methods. In the work of
Karakaya [2] the Mn/Na:WO4/SiO2  catalyst
was studied for the oxidative dimerization of
methane. The catalyst was prepared by impregnation
methods. The influence of temperature, volume
velocity and the ratio of reaction gases is
investigated. It is determined that at a volume rate
of 390 h-1 methane conversion is 38%. The
maximum ethylene yield was 16% at 750°C and a
gas ratio of CH,/O,=2.

In [3] the Mn-Ce-Na:WO,/SiO, catalysts prepared
by the impregnation method were investigated for
oxidative dimerization of methane. In particular,
due to the double advantages of the tubular
membrane reactor, a high methane conversion of
60.7% with selectivity of C,+ 41.6%, ethylene/
ethane ratio of 5.8% and ethylene yield of 19.4% at
a space velocity of GHSV= 6050 ml-g'-h"' was
achieved.

It is known that combustion in the solution is
a new, quick and easy process for the synthesis of
composite materials used in various processes. The
main advantage of this method is the saving of
energy and time, as well as the presence of self-
propagating exothermic redox reactions between
organic salts and fuel by mixing in an aqueous
solution leading to the  formation of
nanocrystalline and high-purity solid nanomaterials
[4-6].

In [7] Sr-Al, La-Sr-Al and Na:WOs:—Mn/
SiO2 series of catalysts are prepared by solution
combustion synthesis (SCS). The activity of
catalysts was investigated at 450-850°C, the linear
velocity of gases was 50 ml/min, the ratio of gases
CH4:Op:N, = 32:8:10. During the experiments it
was determined that in the temperature range
450-600°C catalysts are not active. The Sr-Al series
of catalysts, St/Al=1.25 were active. On the catalyst
Sr / Al=1,25 it was found that the maximum yield
of C: hydrocarbons was 11.5% at~800°C ratio
C,H,/CH = 4,5. For each La-Sr-Al catalyst series,
the C, yield and ethylene/ethane ratio are measured
over a wide temperature range. Of the series of
catalysts, the highest ethylene yield of 12.3~13.0%
is achieved at 720°C, and the ratio of ethylene to
ethane is 1.7 and 1.6, respectively. It was found
that from the series of developed catalysts the
highly active and selective catalyst is 10%
Na,WO4-5% Mn/SiO, providing the maximum
yield of C, ~21% and the ethylene/ethane ratio~2,
at 750°C.

Catalytic oxidative dimerization of methane
on Ce-promoted catalysts Na,WO4/SiO, was
carried out at atmospheric pressure in a micro
quartz tubular reactor with a fixed bed. The highest
methane conversion (50.1%) and C: yield (27.6%)
were obtained on a catalyst with 3 wt.% Ce/5 wt.%
Na:WO4/TiO2 at 800°C. With a space velocity of
10.000 ml-g “'/h 7', 0.2 g catalyst, P = 1 atm, the
devtopeey Swt. 966 e/Bawet. YprNadNDy/ T ¥Dovental st

showed the best performance and stability for up to

possibility of obtaining a number of products, such as
oxygenates, olefins, synthesis gas and CO2+H:0 in
the process of oxidative conversion of light alkanes
on different types of catalysts [9-11].

Preparation of catalysts by solution combustion
synthesis (SCS) is one of the new directions in
catalysis. SCS is based on an exothermic redox
reaction between soluble salts with organic fuel in an
aqueous solution. The effectiveness of this method
lies in the simplicity and ease of preparation of
catalysts, short reaction time and relatively low cost,
and therefore the efficiency of the process. The SCS
method is used in various industries, especially for
the preparation of ceramic materials, intermetallics,
catalysts, pigments, alloys, etc. [12]. SCS is a new
modern type of self-propagating high-temperature
synthesis (SHS) [13]. The basic principles of
SHS can be summarized as follows: rapid auto
wave combustion-like selfsustaining reactions
yielding resultant products of desired composition
and structure, complete or partial elimination of
external energy supply by the utilization of the
internal heat released in the chemical reactions,
control of the process rate, temperature, degree of
conversion, composition and structure of products
by variation in the rates of heat release and transfer
[14.15]. Very high interest in the SHS catalyst can
be explained by their high activity and advantages
of methods for preparation of catalysts by the SHS
methods in comparison with the traditional ones.
The method exploits self-sustaining solid-flame
combustion reactions for the internal development
of very high temperatures over very short periods.
It therefore offers many advantages over traditional
methods such as much lower energy costs, ease of
manufacture and capability for producing materials
with unique properties and characteristics. It was
found, that method offers a good possibility for the
preparation of new, active ceramic catalysts and
carriers with compositions, structure and properties,
which satisfy the stringent requirements of many
applications  [16].  Attractive for industrial
production: much lower energy consumption than
traditional production methods, much lower energy
costs, possibility for “just-in-time” manufacturing,
high productivity, cheap catalysts, relatively simple
process - ecasily adaptable to industrial scale,
controlled physicochemical properties of products,
large range of new materials which can be used in
catalysis, it has wide diapason of structural forms of
products - from granules of different size to blocks of
honeycomb structure and different geometric forms

A disadvantage of the catalysts for ethylene,
prepared by SHS [7.9] is not sufficiently high catalyst
activity, but it is not complete conversion of methane
to ethylene and high temperature process.

The purpose of this work is to study the reaction
of methane dehydrogenation on new 20%La-10%Ce-
20%Mg-50% glycine catalysts prepared by the SHS
method to identify the optimal conditions for their

50 hours at 800°C, high selectivity and yieldof€, 19 ——

56.4% and 27.6%, respectively, was also shown [8].
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preparation, concentration and ratio of metals, the
influence of contact time and process temperature on
the direction and mechanism of the reaction.

Catalyst preparation

For the preparation of the catalyst, certain
amounts of nitrates of the corresponding salts are
weighed. These salts are pre-ground in an agate
mortar and then mixed in a porcelain dish. Then 10 ml
of distilled water is gradually added to this mixture of
salts, the mixture is stirred in air for several minutes
until complete dissolution.

800

+—Bottom, C
—=—Middle,C
Top. C

700

Combustion temperature, °C

100 200 300 400 500 600
Combustion time, sec

Figure 1 - 20% La-10% Ce-20% Mg-50% glycine
catalyst prepared by SHS method and change of
temperature-time profile during catalyst preparation

Pre-included muffle furnace to the required
temperature (in our case, up to 500°C). The prepared
mixture from a porcelain cup is transferred to a 200
ml heat-resistant glass beaker and placed in a heated
muffle furnace. After 2-3 minutes with an incomplete
opening of the door of the muffle furnace, it is
visually possible to observe burning in the solution,
at which this mixture rises along the walls of the glass
during rapid boiling. Urea and glycine are added to
the composition of SHS catalysts to improve the
combustion process. The presence of glycine in the
composition of the catalyst contributes to a change
in the color of the solution in brown color during
combustion. Then the glass is cooled in air and the
finished catalyst is placed in glass cups.

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 Hz, Oz, N2, CHa, C2Hs, C2Ha,
Cs-Cs hydrocarbons, CO and COs:. A capillary column
is used to analyze of liquid organic substances, such
as alcohols, acids, aldehydes, ketones and aromatic
hydrocarbons. Temperature of the detector by thermal
conductivity — 200°C, evaporator temperature —
280°C, column temperature — 40°C. The speed of the
carrier gas Ar is 10 ml / min. The chromatographic
peaks were calculated from the calibration curves
plotted for the respective products using the
"Chromos" software for pure substances. Based on
the measured areas of the peaks corresponding to the
amount of the introduced substance, a calibration
curve V = (S) was constructed, where V - amount of

substance in ml, S - peak area in cmz. Concentrations
of the obtained products were determined on the
basis of the obtained calibration curves. The balance
of regulatory substances and products was +— 3.0%.

Physico-chemical research

The specific surface area and measurement of
the pore distribution of the developed catalysts were
studied by the BET method (Bronauer-Emmett-
Teller) on a GAPP V-Sorb 2800 analyzer (China).
Nitrogen with helium was used as carrier gas. BET
method was carried out at Advanced Ceramics and
Composites Laboratory, Institute of Nanoscience
and Nanotechnology NCSR “Demokritos” (Athens,
Greece). Nitrogen with helium was used as carrier
gas.

Results and discussion

Table 1 shows data on the study of the specific
surface of La-Ce-Mg-glycine catalysts prepared by
the SHS method. From the data of the table it can
be seen that a series of catalysts was prepared with
a variation in the percentage of the active phase
consisting of La, Ce and Mg deposited on the carrier
50% glycine. The surface area calculated by BET
varied in the range from 9.42 to 24.96 m?/g, and
when calculated by Langmuir varied in the range
from 12.45 to 35.25 m%/g.

Table 1 - Change of specific surface of La-Ce-
Mg-glycine catalysts prepared

by SHS method

Catalysts Multi- | Langmuir
BET Area
Area | (m%g)
(m?/g)

30%Ce(NOs)2+ 20% Mg(NOs)2 2496 |35.25

+50% glycine

10%La(NOs)s + 20%Ce(NOs)+ | 22.87 |32.19

20% Mg(NOs)2 +50% glycine

15%La(NOs)s + 15%Ce(NO3)+ | 18.39 | 2548

20% Mg(NOs)2 +50% glycine

20%La(NOs)s + 10%Ce(NOs)+ | 9.42 12.45

20% Mg(NOs)2 +50% glycine

30%La(NOs)s + 20% Mg(NOs): | 21.91 |30.56

+50% glycine

It is known from the literature that SHS catalysts
do not have a large surface, because in the case of
using SHS catalysts in the reaction mixture in the gas
phase, the entire volume of the catalyst works, not
only its surface.

In the first series of experiments, the effect of
reaction temperature on the yield of products was
investigated on the developed 20%La(NOs)s+10
%Ce(NO3)2+20%Mg(NOs)2+50% glycine catalyst
at oxidation of 43% CHa+17% O21+40% Ar at 5000
h'!. Figure 2 shows that the formation of ethane and
ethylene in the reaction mixture is observed in the
temperature range from 600 to 900°C. 12.7% of
ethylene is formed at a temperature of 600°C and
increases to 13.5% at 700°C, but then there is a
decrease to 0.5% with an increase in temperature to
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900°C. Thus, the optimal temperature for producing
13.5% ethylene and 6.5% ethane is T=700°C.

14 3
—-
15501 . -e-CHy4
—®-C2Hg
= 10 -
ﬁ -
3] 8
g -
& -
6 -
E -« — .
4 -
-
2
2 3

750 800
Temperature, °C

600 6;0 760 850 900
Figure 2 - Investigation of influence of reaction

temperature on the yield of C2Hs and C2Hs

It is known that the most thermally stable of
alkanes is methane (destruction begins above 560°C),
mainly due to the absence of C-C-bonds, less strong
than C-H bonds. The process of ODM was carried
out when the volume velocity varied from 2500 to
7500 h' in the temperature range from 600 to 900°C.
As can be seen from the data of figure 3, when the
volume velocity changes, the conversion of methane
increases with an increase in temperature from 12 to
37.5%. It was found that the most optimal conversion
rate of the initial methane is the volume velocity of
2500 h-1 compared to the data obtained at the volume
velocity of 5000 and 7500 h™'. It is determined that a
sharp increase in conversion at temperatures 850 and
900°C is associated with the formation of hydrogen
and CO in the reaction mixture.

Conversion CHy, %

750
Temperature, °C

Figure 3 - Influence of volume velocity
on the activity

of 20%La+10%Ce+20%Mg+50% glycine catalyst

Figure 4 presents data on the study of the effect
of varying the volume velocity of the reaction on
the yield of ethylene with a change in the reaction
temperature from 600 to 900°C. As can be seen from
the data of figure 4, the formation of 14.5-14.8% of
ethylene passes through the maximum at T=700°C at
volume velocity of 2500 and 5000 h'.

20
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Figure 4 - Influence of volume velocity on the yield
of ethylene

Thus, the study of the activity of the developed
catalyst in the reaction of ODM showed that the
optimal volume velocity of the process is 2500 and
5000 h.

In the study of the activity of 20%La-10%Ce-
20%Mg-50% glycine catalyst in the ODM into
ethylene, the ratio of reaction gases CH4: O2 : Ar
(% ) was varied in the following ratios 2/1 (34:17:49),
2,5/1 (43:17:40), 3/1 (51:17: 32), 4/1 (68:17:15) and
5/1 (83: 17: 0). It was found that the optimal ratio
of reaction gases CH4: O2 for the formation of
ethylene is the ratio CH4: O2=2.5/1 at which starting
from the temperature of 600°C the yield of ethylene
gradually increases from 10.5 to 14.8% and passes
through the maximum, then again decreases to 0.6%
with increasing temperature (figure 5). Further on the
activity indicator the ratio CHa: Oz = 2/1 is located,
where it is found that the higher the ratio of reaction
gases in the reaction mixture, the lower the yields of
the target product.
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Figure 5 - Change of the yield of C-Hs at varying
the ratio of reaction gases

This is explained by the fact that the methane
molecule is thermodynamically stable and an increase
in the reaction mixture of methane negatively affects
the activity of the catalyst, and dilution of the reaction
mixture with an inert gas argon positively affects the
activity of the catalyst.
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Figure 6 shows the data of changes in the specific
surface area and measurement of the pore distribution
of catalysts studied by the BET method.
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Figure 6 - Investigation of the isotherm (a) and pore
distribution (b) on the surface of 20%La(NOs)s+10
%Ce(NO3)2+20%Mg(NO3)2+50% glycine catalyst

In [17] the authors give 5 types of possible
hysteresis. For the developed 20%La(NOs)s+10%

As for the pore size, figure 6 shows that the size and

uniform distribution of pores occurs mainly in the
range from 3 to 10 nm, as well as from 10 to 100
nm, i.e. both small and large active particles are
present in the catalyst.

Conciusion. Thus, the influence of reaction
temperature on the developed composition of
catalysts for oxidative conversion of methane has
been determined that the optimum temperature for
the selective formation of ethane and ethylene is
T=700°C. It was found that for selective oxidation of
a mixture of CHa: Oz : Ar in Cz hydrocarbons the
optimal conditions are: T=700°C, CHa: O2 = 2,5/1,
5000 h.
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corresponds to the hysteresis type A cylindrical
shape.
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METAHHBIH C. KOMIPCYTEKTEPIHE JEWIH TOTBIFY IUMEPU3AIIUSCHI

AHHoTanus. MyHal IbIH 9JIEMJIIK KOpJIaphl €H 3aMaHayd TEXHOJIOTHsIap OOMBIHIIA Y31KCI3 OHAIpY MCH
OH/ICY/IIH apKaChIHJIa KYH CallbIH KbICKapy/a. JlyHue sKy3iHAeri FaabiMIap MYHAH XUMUSIChIH aJIMaCThIPFbIII
peTiHe YiKeH TaOWFW ra3 pecypcTapblH NaiJanaHyIblH SPTYPJi HIMKIi3aTTapbl MEH OMIiCTepiH i3Iei/i.
OcbIFan OaiilaHBICTBl MyHaH-XUMHES OHEPKICIOl YIIIH IIUKI3aTThIH OaamMa Ke3i peTiHjie TaOuFH rasfa Kell
KOH1J OeliHe.

By sxymbicTeiH Makcatsl xaHa 20%La-10%Ce-20%Mg-50% muiuH KaTanu3aropiapblHaa MEeTaHHbBIH
JETUPIICY PEAKIUSICHIH 3€PTTEY, OJIAP/Ibl OH I PY/IIH OHTAMIIbI KaFJaiIapbliH, METaJIAP/IbIH KOHIICHTPAIUSICHI
MEH KaThIHACBIH, YKaHACy YaKbIThl MCH TEMIIEpPaTypaHbIH PeaKI[Hsi OaFrbIThl MEH MEXaHU3MIHE OCEPiH aHBIKTAY.

20%La-10%Ce-20%Mg-50% C> kemipcyTeKkTepiHe METaHHBIH TOTBIFY Aeruapiey npouecinae CBC
oJ/liciMEeH aJbIHFaH DIMIMH KaTaJIN3aTOPBIH 3ePTTEY HOTIIKENEPl YChIHBUIFAH. JKCIIEPUMEHTTIK 3epTTeyiep
HET131H/Ie KaTajau3aTopiAblH KypaMbl TaObLJIFAaH OHTAWJIBI JKaFaaiiap/ia sKOFapbia KOPCETUITeH PeaKIlusia
JKOFapbI OCJICEH/IUTIK TAHBITATHIHBI AHBIKTAJIIBI.

Ocblnaiiina, peakius TeMIepaTypachblHbIH METAaHHBIH TOTHIFY KOHBEPCHSCHI KaTajlM3aTOpPIIaphIHbIH
JaMbIFaH KypaMbIHa oCepi 3TaH MEH 3TUJICHHIH CEJICKTHUBTI TY3U1yl YIIiH OHTaiabl Temneparypa T=700°C
exeHiri anbikTanapl. C2 kemipcyrekrepingeri CHa: Oz2: Ar KOCHACHIHBIH CEJICKTHBTI TOTHIFYBI YILIIH OHTANUIBI
JKarmaiimap MerHanap 6onein Tadeansr: T=700°C, CH4: O2=2,5:1, 5000 car'.

Tyiiin ce3nep: MT]I peakuusicel, C2 kemipcyrekrepi, OXKIKTC onici, peakius Temrneparypacsi.
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OKUCJ/IMTEJBbHASA JUMEPU3ALIUA METAHA 10 C: YITIEBOAOPOJ10OB

AnHoTauus. MupoBble 3anacbl HE()TH COKPAILAIOTCS C Ka)KIIbIM JHEM H3-32 HEMPEPHIBHOH JOOBIYM U
nepepaboTKH M0 CaMbIM COBPEMEHHBIM TEXHOJIOTUSIM. YUEHBIC BCEIO MUPA MILYT PA3JIUYHBIC BUJBI CHIPHS
W METOJ/Ibl UCIIONIb30BaHUSI OTPOMHBIX PECYPCOB HMPUPOTHOTO ra3a B KaueCTBE 3aMEHHTENsT HE(PTEXUMHH.
B cBsi3u ¢ 3TUM 00JIbIIIOC BHUMAHUE YACISAETCS MPUPOJIHOMY a3y KaK aJlbTepPHATUBHOMY UCTOUHUKY ChIPbS
JUTSE He(PTEXUMUYECKOM TPOMBIIIUICHHOCTH.

Lenbio nanHoi paboOTHI SABISIETCS W3yYSHNE PEaKLMU ACTHIpUPOBaHus MeTana Ha HOBBIX 20% La-10%
Ce-20% Mg-50% munuH Karanu3aropax, noaydeHHbX MetonoM CBC, ¢ 1enbio BRIABICHUS ONTUMATBHBIX
YCJIOBUM MX TMOJYYCHHS, KOHLIEHTPAIMM U COOTHOIICHUS METAJIOB, BIMSHUS BPEMEHH KOHTAaKTa U
TEeMIIEpaTyphl Mpoliecca Ha HalpaBJIEHUE U MEXaHU3M MPOTEKaHUs PEaKIHH.

[Ipencrasnensl pesynsrarsl uccaenoBanus 20% La-10% Ce-20% Mg-50% munuHOBOrO KaTain3aropa,
nonyyeHHoro metonoM CBC B mporecce OKHCIUTENBHOTO JeruapupoBaHus MetaHa B Cz yIIeBOAOPOJIBI.
Ha ocHoBaHuM 3KCTIEpUMEHTAJIbHBIX HCCIEIOBAaHUH YCTAaHOBJIEHO, YTO COCTaB KaTajlu3aTopa MpOsBISET
BBICOKYIO aKTUBHOCTD B BBHIIICYKA3aHHON PEaKIMU MIPH HAWICHHBIX ONTHUMAJIbHBIX YCIOBUSIX.

TakuM o00pa3oMm, MO BIMSHUIO TEMIIEPATypbl PEakUWU Ha pa3paboTaHHBIA COCTaB KaTaJM3aTOpPOB
OKHCIIUTENIbHOM KOHBEPCHM METaHa YCTaHOBJIEHO, YTO ONTHMAIbHON TeMIepaTypoil Uil CEeleKTUBHOTO
oOpa3oBaHus dTaHa u 3tuwieHa seisiercss T=700°C. YcTaHOBICHO, 4TO JIJIsl CEJICKTUBHOTO OKUCJICHUS CMECU
CHa: O2: Ar B C2 yniieBoJ1opo/ibl onTUMasibHbIME yciioBusiMu siiisitotcsi: T=700°C, CH4:02=2,5:1, oObemHas
ckopocTh 5000 u'!.

Kuiouesbie cioBa: peakius O/IM, Cz yrneBogpopoast, CBC-meTon, TemnepaTypa peaxiium.
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YH/IbI KOHAUTEP OHAIPICIHAE A9CTYPII EMEC IIUKI3ZATTAP/AbI
KOJJAHYABIH TUIMAIJITT

Annoramus. Kaszipri Tagma Taram eHAIpICi, COHBIH INIHJAE KOHIWUTEPIIK OHIMICpP, MHHOBAIMSIBIK
TEXHOJIOTUSIIApABIH €H KOl TapaliFraH 00beKTiiepi 0oibIn Tadkuaabl. KonmuTep oHmipici-TaMak eHepKaciOi-
HiH €H TYPAaKThbl cajanapblHbIH Oipi. Onapapl TaraMIbIK KYHJIBUIBIFBI JKOFapbl ©HIMACPMEH OalbITy YLIiH,
JIOCTYPII eMec IUKI3aTTap bl MaianaHaIbl.

TamakTaHy OJEMEHTTEpIHIH IIIHAE a7aM ar3achlHbIH 63 aKybI3IapblH CHHTE3/ICYre KaXeTTi
AMHHKBIIITKBUIAPBIHBIH K631 OOJBIN TA0BUTATHIH OSIOKTAP MAHBI3/IbI POJT aTKapaibl. AKybI3aap-0yi1 OapibIk
MYIIeNIep/i, TOPMOHIAP/BI, aC KOPBITY HIBIPBIHAAPBIH, (EPMEHTTEP/l JKOHE T.0. KYpaHThIH TIACTUKAIBIK
Marepua.

JluetanblK TamakTaHyZla TajIIbIKTap Ja MaHbabl. OIapiaslH TaMaKTaHyIaFbl pelli SpPTYpii: onap
JKaJIFaH KaHBIKTBIPY OCEPIH JKacaiipl, acka3aH KaObIprachiHa dcep eTefi. [IeKTeH oTKeH Ke3Ie TUETabIK
TAJIIBIKTAP aJCOPOIMSITBIK KACHETTep/i KOPCETIM, CyAbl CakTail anaThlH KECeK Ty3e[i, HOTHXKECIHe
TOKCHHJICP/IH, ayblp METaNJIap/AblH TY3IApbIHbIH, OaKTEPUSIAPIbIH, BHPYCTApPAbIH KOHIECHTPAIIUSCHI
TOMEHJICH I, iTIeK KaObIpFachIHBIH pellenTopIaphl TiTipKeHE]I, ieK TpaH3uTi xeaemaenmi [1-3].

Makanana JocTypIti eMec MIMKi3aT peTiH/Ie: KAaHT KbI3bUIIIA YHTAFbI, )KACBIMBIK YHBI albIHBI. CO3BIIMAITBI
MEYCHBEHIH JKaHa TYPi MEH kKacaly TEeXHOJIOTHSICHI KYPACTBIPHUIIb.
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