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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 PROCESSING OF PROPANE
INTO IMPORTANT PETROCHEMICAL PRODUCTS

Abstract. In the Republic of Kazakhstan, despite the huge reserves of hydrocarbon raw materials, it is mainly
consumed in the form of domestic, industrial and motor fuels, remains are burned as part of the exhaust gases, or
again driven into the oil-bearing strata. Propane, which is in the composition of associated gases and formed in
petrochemical, in the first case, either burned or used as fuel after separation. In the second case, it is partially used in
petrochemicals, as well as municipal or motor fuel, the rest is exported. In order to identify the ability of the
developed catalysts to regeneration or reoxidation and determine the energy characteristics of hydrogen and oxygen,
the study was carried out by the methods TPR and TPO, as well as by TEM, XRD and BET for determine the
morphology, particle size and their chemical composition. In the present work it is shown that on the developed
5%V/(6+a)Al,O3 catalyst the process of oxidative conversion of propane passes with the formation of 24.5%
ethylene and 27.5% hydrogen under the optimal conditions: 66.5% Cs;Hs + 33.5% CO,, T = 700°C, W = 1000 h'! and
C3H8 . C02=2 o 1.

Key words: catalytic oxidation, propane, ethylene, hydrogen, carbon dioxide.

Introduction. The world's oil reserves are decreasing every day due to the continuous production and
their processing using 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, considerable 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. Kazakhstan ranks 15th in the world and 4th in the CIS of natural gas reserves. The prospects for
the development of the global gas processing industry are associated with the creation and introduction of
new catalytic environmentally friendly technologies for producing of olefins, based on production of
polymers, alcohols and motor fuels. Gas processing plants in Kazakhstan are currently engaged mainly in
the purification of gases from water, impurities of carbon dioxide and hydrogen sulfide for their use for
domestic purposes. This situation is associated with the lack or absence of new catalytic technologies for
the directed processing of light C;-C4 alkanes. There are no production facilities for the production of
olefins, plastics, motor fuels and other products whose demand is met by imports. Therefore, an important
task is the intensive development of the industrial processing of light hydrocarbon raw materials, the
reserves of which far exceed oil reserves.
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It is known that vanadium compounds [1-4] are widely used for homogeneous and heterogeneous
catalysis, especially in selective oxidation of light alkanes, which are one of the most effective catalysts.

Thus, the authors of [1] investigated the activity of vanadium catalysts deposited in the oxidation of
propane. It was determined that the yield of propylene was 10% with 30% conversion of propane.

In [2], V20s5/SiO; catalysts promoted by a fluoride anion and obtained by successive addition of
different amounts of F-were investigated. The performance and structure of the catalysts were greatly
influenced by the sequence of fluoride impregnation and the method of obtaining catalysts. Oxidative
dehydrogenation of propane was carried out in a reactor with a fixed bed with a continuous flow at
atmospheric pressure, a temperature range of 400 - 600°C and a ratio of gases supplied: 10% CsHg : 5% O, :
85% Ar.

The total flow rate of the reaction gas mixture was 50 ml/min, the mass of the catalyst was 200 mg,
the volume velocity was 9000 h'. For VOC-F catalyst at 540°C selectivity of propene amounted to
64.16% in the conversion of propane of 14.76%. Compared to the V-Si-O catalyst, propene selectivity
increased by 9.89% and a small increase in C3sHg conversion was found.

Increasing atmospheric CO; levels have a negative impact on the environment. The chemical use of
CO,, one of the main greenhouse gases, is an important step towards green chemistry. The main problem
associated with the use of CO; is the thermodynamic stability of this molecule. One of the technologies
that is gaining strength and importance in the scientific world is the use of CO; as an oxidizer for catalytic
oxidative transformation at high temperatures [5-8].

Previously, we investigated the process of oxidative conversion of light alkanes into olefins in the
presence of oxygen on different types of catalysts [9-18].

The paper presents the data of the activity of the developed deposited catalyst based on vanadium,
capable of conducting the process of oxidative conversion of propane into ethylene and hydrogen, using
CO; as an oxidizer.

Experimental

Catalyst preparation

The catalytic systems were synthesized by the method of impregnation in air. The developed
compositions of catalysts were prepared by capillary impregnation of mixed aqueous solutions of metal
salts supported on carriers by moisture capacity, followed by drying at T = 200°C for 2 h. Calcinations of
samples at T = 500°C for 2 h in air was carried out for decomposition of supported metal salts and
corresponding volatilization of nitrates from the catalyst surface.

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 H,, O,, N2, CHs, C;Hg, C2Hy4, C3-Cs hydrocarbons, CO and CO,. 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 = f (S) was constructed,
where V - amount of substance in ml, S - peak area in cm”. 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.

XRD analysis was performed on a Siemens Spellman DF3 diffractometer using CuKal (A = 1,5406
A) radiation by powder method in the angle range 26 = 5 — 100°.
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Thermoprogrammed oxidation (TPO) and thermoprogrammed regeneration (TPR) of the developed
catalysts was investigated on the analyzer "Chemosorb".

Morphology, particles size, chemical composition of initial and worked out catalysts were performed
on transmission electron microscope TEM-125K with enlargement up to 66000 times by replica method
with extraction and micro diffraction. Carbonic replicas were sputtered in universal vacuum station, and
carrier of catalysts was dissolved in HF. Identification of micro diffraction patterns was carried out by
means of ASTM cart index (Ukraine).

Results and discussion. The methods for synthesis of the developed catalysts were determined and
the physicochemical characteristics of the catalysts were established. Developed 5% V/(©+a)Al,O3
catalyst was studied by the BET, XRD, TEM, TPR and TPO methods.

The results of the studies on the determination of the surface area of the developed catalysts it is
established that with increasing percentage of vanadium on the carrier equally increases the surface area of
the catalytic system (figure 1).

It is known that the larger the specific surface area of the catalyst, the greater the number of active
centers are on the surface, the greater the activity of the catalyst. It is assumed that this dependence is
associated with the activity of 5% V/(©+a)AlOs catalyst in the oxidative conversion of propane to
ethylene and hydrogen under optimal reaction conditions.

20
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70
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Bh50 48,5
g 40
“ 30
20 22,4
10

1%V 3.5% WV 420V 5%V

Percentage of vanadium in the composition
of catalysts deposited on the carrier

Figure 1 - Change in the specific surface area of vanadium
in the composition of catalysts deposited on the carrier

Before the x-ray phase analysis of the samples, the literature sources were analyzed and the
mechanisms of thermal decomposition of ammonium metavanadate and possible phases formed were
determined [19.20].
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Figure 2 - XRD analysis of 5% V/(©+0)ALO3 catalyst

XRD analysis of 5% V/(©6+a)Al,Os catalyst (figure 2) revealed the following phases: AIVO4 (JSPDS,
11-0130), ALO3 (JSPDS, 42-1468) and V,0s5 (JSPDS, 41 -1426). It should be noted that the phase AIVO4
(JSPDS, 11-0130) was detected only on a single-component vanadium catalyst. It is assumed that this
detected phase of the aluminum-vanadium bond promotes the formation of ethylene and hydrogen during
the oxidative transformation of propane.
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This conclusion is also confirmed by electron microscopic studies of catalysts. The sample is
presented mainly by aggregates of translucent particles of plate type, filling a significant part of the
surface of the carrier. In figure 3a shows aggregates of translucent particles, the sizes of which vary from
50-70 nm to 100-200 nm. The microdiffraction pattern is represented by a large set of symmetrical and
separate reflexes and can be attributed to a mixture of phases: V¢Oi1 (JCPDS, 18-1451), V,0s (JCPDS,
19-1391), AIVO4 (JCPDS, 25-26).

Figure 3b shows the units of the large semi-transparent particles with a size of 100-200 nm. The
microdiffraction pattern is represented by a series of reflexes and individual reflexes and can be attributed
to a mixture of phases: V.05 (JCPDS, 19-1391), VOOH (JCPDS, 27-1366), VOo, (JCPDS, 10-313).

Figure 3 - TEM images of 5% V/(©+a)Al20s catalysts

Figure 3c shows a translucent particle size of 50-100 nm, filling the surface of the carrier. The
microdiffraction pattern is represented by reflexes and can be attributed to a mixture of phases: VO,
(JCPDS, 31-1439), VO, -H,0 (JCPDS, 18-445), VsO13 (JCPDS, 27-1332), V304 (34-615).

Figure 3d shows the area of dense settlement of the carrier by small particles of 20-50 nm in size.
There are several large particles exceeding 150 nm. Microdiffraction pattern is represented by reflexes,
located on the rings, and individual reflexes, and can be attributed to a mixture of phases: V7017 - H,O
(JCPDS, 15-247) n y-VO, (JCPDS, 35-361).

Figure 4 shows the TPR spectrum of the vanadium catalyst. Regeneration of hydrogen was carried out
in the region of 400-1000°C with four clearly defined maxima, which on the basis of TEM and literature
data can be associated with successive transitions V,0s in VO3 (Tmax'=700°C), V¢Oi3 in VO,
(Tmax ' =840°C), VO, in V3O;s5 (Tmax""=920°C) and then VO;s in V203 (Tmax'V=980°C); shoulder 550°C
corresponds to the regeneration weakly bound adsorbed oxygen. Theoretical calculations have shown that
the amount of hydrogen absorbed in different peaks correlates well with the data of chromatographic
analyses.

=
P
[
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oo 800 %200
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Figure 4 - TPR spectrum of 5%V/(0+a)Al203 catalyst
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It is known that the stable activity of the catalyst is ensured by the reversibility of the reduction and
reoxidation processes in the surface deposited structures of vanadium oxide, so we studied the ability of
the reduced catalysts to reoxidation under the influence of oxygen.

When treated with a mixture of 6% O,+He catalyst oxygen absorption is starting from 100°C.
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Figure 5 - TPO spectrum of 5%V/(6+a)Al2Os catalyst

It is assumed that the oxidation of reduced, coordination unsaturated vanadium oxides V** is with the
formation of weakly adsorbed forms of oxygen and V,Os, as evidenced by the presence of several peaks
of Oy absorption:

0, (gas) — (003 (surface oxide) —™ Oy (ion in the lattice)

From figure 5 it is seen that 5,0%V/(0+0)ALOs the catalyst absorbs O, at maximum: Tma' =270,
Tmax =560 and Timax' " =750°C.

The paper presents data of activity of the developed 5% V/(6+a)ALOs catalyst in the oxidation
reaction of propane at W = 1000 h"' with a change in T = 500 - 800°C and the ratio of the initial gases in
the reaction mixture C;Hg : CO;=1:1,2:1and5:1.

1
100 -
L g
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=
5 %)
= . _q-
(.OJ' 40 1-C:HzCO=111
2- C3H31C02=211
20 r 3 -C3H31COF5Zl

500 600 700 800
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Figure 6 - Investigation of activity of 5%V/(6+a)Al20; catalyst
in the oxidation of propane at W = 1000 h!

It was found that the optimal ratio for the conversion of propane is CsHg : CO, =1 : 1 and CsHsg : CO, =
=2:1.
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The study of the activity of the developed 5% V/(6+a)AlO; catalyst in the reaction of oxidative
conversion of propane at W = 1000 h-1, CsHg : CO, =2 : 1 showed that with an increase of the reaction
temperature, the yield of ethylene increases which reaches 24.5% at T = 700°C (figure 7).
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Figure 7 - Investigation of 5% V/(6+a)ALOs catalyst activity
in the reaction of propane oxidation at W = 1000 h™', C3Hs : CO2=2: 1

As the reaction temperature increases, the yield of ethane decreases from 4.9% to 1.0%. It is assumed
that the product of the reaction of catalytic oxidation of propane - ethane during the reaction has time to
oxidize to ethylene. For the formation of 27.5% hydrogen, the optimum temperature is 800°C.

Conclusion

Thus, in the present work it is shown that on the developed 5% V/(©6+a)Al,Os catalyst using the
methods of BET, XRD, TEM, TPR and TPO certain characteristics were found, namely, an increase in the
specific surface area and the connection of the carrier with the active phase. It was found that the process
of oxidative conversion of propane on the catalyst developed by 5% V/(0+a)Al,Os passes with the
formation of 24.5% ethylene and 27.5% hydrogen under the optimal conditions found by the experimental
method: 66.5% C3Hs + 33.5% CO, (C3Hg : CO,=2: 1), T =700°C, W = 1000 h™'.
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TIIPOITAH/IBI MAHBI3IbI MYHAW-XUMWA OHIMIEPTHE
KATAJIMTUKAJIBIK OHIAEY

AHHOTanMsl. OJeM/IK MyHail KOpbl KYH CailblH 3aMaHayHl TEXHOJIOTHsUIApAbl MaiilajiaHa OTBIPBII, Y3.IIKCi3
OHJIIpY JKOHE OJlap/bl KalTa eHJuey eceOiHeH aszaiibin Oapanbl. Bykinm onem franpiMaapbl MyHail XHMHSCHIH
QIMACTBHIPYILIBI PeTiHAe TAaOUFH ra3lblH opacaH 30p pecypcTapblH NaipanaHy YIIiH TYpJi LIMKi3aT MaTepHangapbl
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MeH oficTepiH i3aeiai. OckiraH OaiylaHBICTBI MYHal-XUMHUSI OHEPKACiOl YIIIH HIMKI3aTTHIH OajgaMaliel Ke3i peTiHue
TaOWFH ra3ra aTapiblKTail KOHLT OOiHII.

2017 xbuiapiH coHbiHna «British Petroleum» (BP) kommanwmsicel sxapustmaran World Energy-2018  xbun
CallBIHFBI CTaTUCTHUKAJBIK IIOJTyBIHA COMKeEC, oNieMeri AOJeNAeHTeH TaOuFu ra3 Kopel 193.5 TpmH. Texkme merpre
Oaramannpl. Kazakcran onmemue 15-opeiHzma skoHe TaOurm ra3 Kopbel OoitprHma TM/I-ma 4-opeiHOa. OneMIik ras
OHJIEY OHEPKICIOIH HaMBITY MEPCIEKTUBAIAPhl MOJIMMEp, CIHUPT KOHE MOTOpP OTHIHIAPHIH OHAIPYTe HEri3leireH
oneduHAEpAl alyIblH OSKOJIOTHSJIBIK Ta3a KaTaINTHKAIBIK JKaHa TEXHOJOTHMSUIAPBIH KYpy OJKOHE eHrisyre
OaiinanbicThl. KazakcTaHHBIH Ta3 OHJEY 3aybITTapbl Ka3ipri yakbITTa Ta3[bl CyJaH, KOMIPKBILKbLT Ta3bl MEH
KYKIpTCyTeri KocnajapblHaH, OjlapAbl TYPMBICTBIK MakcaTTa MaijanaHy YIIiH Ta3apTyMeH aifHanbicaabl. MyHuai
warmaii C1-C4 >xeHinm ankaHgapApl Kaiita eHAeyre OaFpITTalfaH >KaHA KaTaJUTHUKAIBIK TEXHOJOTHSIApABIH
JKETiCTIeYIILUTITiHEe HeMece JKOKTHIFbIHA OaitnaHpicThl. MyHIa oneduHIep, mracTMaccaitap, MOTOpP OTHIHIAPHIH KOHE
UMIOPT eceOiHeH KaHaraTTaHATHIH OacKa Jda eHIMAepHAi oHAipy OOMBIHIIA eHAIpIiCTIK KyaT koK. COHABIKTaH MyHai
KOpJIapblHAH €Joyip acaThblH KCHUI KOeMIpCyTeK IIHMKi3aThIH OHEPKICINTIK KaWTa OHIEYIl KApKBIHIBI JTaMBITy
MaHBI3/(bl MIHJICT CaHAJIAIbI.

Kazakcran PecrnyOnukacbiHia KeMipcyTeK IIHMKI3aThIHBIH OpacaH 30p KOpblHA KapamMacTaH, OJI Heri3iHeH
TYPMBICTBIK, OHEPKACINTIK XOHE MOTOPJIBI OTBIH TYPIHAE TYTHIHBUIAJBI, KaJABIKTap MaiifajaHbUIFaH rastapibly
KypaMBIH[a JKaFbUIaIbl HeMece MyHall KysThIH KabaTTapra Kaiita aiinananpl. linecrie ra3napIslH KypaMbIHA KipeTiH
JKOHE MyHall XuMmuschiHAa Ty3ineTiH [lpoman OipiHmn >karmaiima JKareiansl HEMECE CemapanusgaH KeliH OTHIH
perinzie maijananbuiaabl. EXiHON okarnaiiga on imriHapa MyHal XHMHSCBIH/IQA, COHIAl-aK KOMMYHAUIIBIK HeEMece
MOTOPJIbI OThIHFa naf/iaanaﬂbma)lm, KaJIFaHbI 3KCIIOPTKA HIbIFaJibl.

JKyMpICTa TIPOIIAHHBIH 3THIICHTE JKOHE CYTEKKE TOTBIFY YJAEpICiH JKypri3yre KaOiieTTi BaHaauil HeriziHje
JIAbIHIaFaH KaTannu3aTopbH O0exceHainiri Typasisl ManiMertep CO2 TOTHIKTHIPFBIII KATHICHIH/A KYPETIH peakiusra
HeriznenreH. KaTanmuTukanslk Kylenep ayana ciHAipy omiciMeH cuHTe3xenni. KaTammsatopiapablH HaibIHIaIFaH
Kypambl ayama T=200°C ke3iHme kenripe OTHIpHIT 2 carar, omaH keiiH T=500°C xe3iHme yATiaepAi KbI3ABIPY
apKbUIBl BIIFAJl CHIMBIMIBUIBIFEI OOMBIHIIA TachIMaJaFbllITapFa OTBHIPFBI3BIIFAH METAUT TY3IAaphIHBIH apanac cy
SPITIHAIEPIH KaIMWUISAPJIbI CIHAIPY SAICIMEH NaibIHAAIIbL.

Havieinnanran karanuzaropnap Gapp V-Sorb 2800 (Kpirait) tanpareimbiana bBOT omicimen 3eprrenmi. a3
TachIMajayllbl PeTiHAe TeMuid MeH a30T rasJapbHbIH Kocmachkl KonpaHeuiael. BOT oxmici HaHorbuibIM skoHE
HAHOTEXHOJOTHSIAD ~ MHCTUTYTBIHBIH  IEPCIIEKTHBAJIBl  KEPAaMUKAJBIK JKOHE  KOMIIO3UTTIK — Marepuaijap
3epTxaHaceiHa «Jlemokpurocy (Adunsl, ['penms) eTkizinmi. PeHTreHKYprIIbIMABIK Tangay Siemens Spellman DF3
nudpakromerpinne CuKal (A = 1,5406 A) coynenenyin konnany apkpuisl 20 = 5 — 100° GypblmTap AMana3oHbIHAA
yHTaK oniciMeH okyprizingi. TepmoOarjgapiamananraH TOTBIFY JKOHE JalbIHAQIFaH —KaTaln3aTopiaplibl
TepMoOarapIaMaliaHFaH KallblHa KeITipy (TOTHIKCBHI3AaHABIPY) «XeMocopO» TalaarbIbiHAa 3epTTenyi. bacranke
’KOHE OHJIENTeH KaTaau3aTopiapAblH MOP(OIOTHACHH, OeJIeKTep MOIIIEPiH, XUMHUSIIBIK KYPaMblH 9KCTPAKIIUACE]
JKOHEe MHUKpoIudpakuuscel Oap permuk axicimen 66000 ecere neitin yiraiita oTeipein, TOM-125k kapbIK TycipeTiH
AIIEKTPOHABIK MUKPOCKOIIIIEH XYPrizai. MuKpomupakuusuIbIK KapTHHAIApABI coiikecteHAipy ASTM cart index
(VkpanHa) MHIIEKCIHIH KOMETIMEH JXYPri3iuii.

JKyMpICTa TPOINIAHHBIH 3THIICHTE JKOHE CYTEKKE TOTBIFY YJAEpICiH JKypri3yre KaOineTTi BaHauuil HerisiHje
O3IpJICHI'eH KaTaJM3aTOPAbIH OeiiceHaimiri Typansl MoamiMertep CO; TOTBHIKTBIPFBINI PETIHAE KOJIAHBLIAIbI.
O3IpJICHIeH KaTaln3aTopJapblH pereHepalusra HeMece TOThIFyFa KaOUIeTiH aHbIKTay JKOHE CyTeri MeH OTTeriHiH
SHEPTreTUKANBIK CHIATTaMaNapbhlH aHBIKTay MakcaThlHAa Tia skoHe TIIO omicrepiMeH, coHmaii-ak OemiexTep
MOp(OJOTHSICHIH, MOJIIEPiH XOHE OJAapAbIH XUMIIBIK KypaMblH aHbiktay ymiH TOM, BOT xome POA
azicTepiMeH 3epTTeynep XKyprizuui.

Ocpnl xymbicTa 5% V/(O+0)AlLO; kaTamu3aTopsyla MPOMAHHBIH TOTHIFY KOHBEPCHSCH! yiaepici 24,5% stuieH
KoHe 27,5% cyTeri Ty3inyiMeH OHTalIbI skaFgaiinapaa ereni: 66,5% C;Hg + 33,5% CO,, T =700°C, W = 1000 car’!
wone C3Hg : CO,=2: 1.

Tyiiin ce31ep: KaTaJUTHKAIBIK TOTBIFY, IIPOIaH, 3THJICH, CyTeri, KOMiPKBILIKbBLI I'a3.
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KATAJIMTHYECKASI IEPEPABOTKA ITPOITAHA
B BA’KHBIE HE@TEXUMUNYECKHUE TPOAYKTbI

AnHoTanusi. MupoBble 3amachl HeTH ¢ KaXIbIM JHEM COKpAILIalOTCS 332 CHYET HENPEpBIBHON MOOBIMM M MX
nepepaboTKU C HCIIOJIb30BAaHMEM CaMbIX COBPEMEHHBIX TEXHOJIOTHH. YYeHbIe BCErO MHpa HILYT pa3lindHble
CBIPbEBBIE MAaTEPHAIbI X METOJBI JUIS UCIIOIb30BaHNS OTPOMHBIX PECYPCOB IIPHUPOJHOTO Ia3a B KAUECTBE 3aMEHUTENS
Herexumun. B 3TOll CBsI3M 3HAYMTENPHOE BHHMAHME YJENACTCS MHPUPOJHOMY ra3y Kak aJbTepPHATUBHOMY
WCTOYHHKY CHIPbsI AJIs1 HEPTEXUMHUIECKOH MPOMBIIIICHHOCTH.

CornacHo exerogHomy cratuctudeckomy o03opy World Energy-2018, omybOnukoBanHOMy kommanued British
Petroleum (BP) B xonne 2017 ropa, qoka3aHHBIE 3amachl MPUPOAHOIO rasda B MHpe oleHHBaroTcs B 193,5 TpnH
kyOoometpoB. Kazaxcran 3anmmaer 15-¢ mecro B Mupe u 4-¢ mecro B CHI mo 3amacamM mpHpOIHOIO rasa.
ITepcriekTHBBI pa3BUTUSI MUPOBOH rasomnepepadaThIBaOLICH IPOMBIIITIEHHOCTH CBSI3aHBI C CO31aHUEM U BHEIPEHHEM
HOBBIX KAaTaJIMTHYECKHX, KOJIOTHYECKH YUCTBIX TEXHOJOTUH IMOMy4eHns 0J1e()MHOB, OCHOBAHHBIX Ha IIPOHU3BOJICTBE
MOJIMMEPOB, CIIUPTOB M MOTOPHBIX TOIUIMB. ['azomepepabatsiBaromiuie 3aBoabl KaszaxcTaHa B HacTosIiee BpeMs
3aHMMAlOTCS] B OCHOBHOM OYHCTKOM TIa30B OT BOJBI, NPUMECEH YIJIEKUCIOro rasa M CEepoBONOPOAA JUIL HX
UCIIONIb30BaHM B OBITOBBIX LEJsiX. Takas cUTyanusi CBsA3aHa C HEJOCTaTKOM WJIM OTCYTCTBHEM HOBBIX
KaTaJIMTUYECKMX TEXHOJOTWI HampaBieHHOW mepepaboTku Jerkux ankaHoB C1-C4. 3pmech OTCYTCTBYIOT
MIPOMU3BO/ICTBEHHBIE MOIIHOCTH IO MPOU3BOJACTBY ONE€(HHOB, [IACTMACC, MOTOPHBIX TOIUIMB WU APYTUX MPOLYKTOB,
CIPOC Ha KOTOPbIE yIOBIETBOPSIETCS 3a cueT umnopra. [1oaToMy BakHOI 3aa4eil sSBJISCTCS HHTEHCUBHOE Pa3BUTHE
MPOMBIIICHHONH MepepabOTKN JIETKOTO YIIIEBOAOPOJHOTO CHIPhS, 3amachl KOTOPOTO 3HAYUTENBHO IPEBBIIIAIOT
3anackl HeTH.

B Pecny6muke Kazaxcran, HeCMOTpsi Ha OTpPOMHBIE 3amachl YIJIEBOAOPOJHOIO CHIPbS, OHO B OCHOBHOM
notpedssiercs B BHUIE OBITOBOTO, MPOMBIIUICHHOTO W MOTOPHOTO TOIUIMBA, OCTATKH CXKHMIAIOTCSI B COCTaBe
0TpaOOTaHHBIX Ta30B WMJIM BHOBb 3aroHSIOTCS B HE(TEHOCHBIC IUIacThl. [IpomaH, KOTOPBIM BXOXUT B COCTaB
MOy THBIX Ta30B M 00pa3yeTcs B HE(pTEXUMHUH, B TIEPBOM CiTydae OO CxKHUraercs, TM00 MCHOIB3YeTCsl B Ka4eCcTBE
TOIUIMBA TIOCIE Cemapaiud. Bo BTOpOM cilydyae OH YacTHYHO HCIIONb3yeTcs B HE(PTEXUMHH, a TaKkKe B
KOMMYHJIFHOM HMJIM MOTOPHOM TOIUIMBE, OCTaJIbHOE WAET Ha 3KCIIOPT. MI3BECTHO, YTO COEMHEHNUS BaHAANS IIUPOKO
NPUMEHSIOTCS 11 TOMOTEHHOTO M TeTEPOTeHHOrO KaTajiu3a, OCOOCHHO NPH CEJIEKTUBHOM OKHCICHUH JIETKHX
aJIKAaHOB, KOTOPBIE SIBJIAFOTCS OJHUM U3 HanOosee 3 PEeKTUBHBIX KaTaTHU3aTOPOB.

B pabore mpezncraBieHbl AaHHbIE 00 AKTUBHOCTH pa3pabOTAHHOIO KaTalu3aTopa Ha OCHOBE BaHAIWs,
CIOCOOHOTO TPOBOJIUTH IPOLECC OKUCIUTEIBHOIO IPEBPAICHUS TPOIaHAa B STHIEH M BOAOPO, HCIOIb3Ys B
kagectBe okuciurens CO,. Katanutudeckwe cucTeMbl ObUIM CHHTE3MPOBAHBI METOJOM IIPONUTKH Ha BO3IyXE.
Pa3paboTanHble COCTAaBHl KaTaJM3aTOPOB IOMYYald METOIOM KaIlWUIIPHOW IIPONMTKH CMEIIAHHBIX BOJHBIX
pPacTBOPOB COJIEH METAIJIOB, HAHECEHHBIX Ha HOCUTENH II0 BIarOEMKOCTH, ¢ nociueayromen cymkoit npu T=200°C B
TedeHHe 2 4yacoB MpoKamBaHueM oopasioB npu T=500°c B TeyeHue 2 4acoB Ha BO3IyXe.

YaenbHyI0 IUIOIAAb MOBEPXHOCTH W HW3MEPEHHE pacIpeleNieHuss HOop pa3paboTaHHBIX KaTalH3aTOpPOB
nccinenoBamm MeronoM bBOT Ha anammzatope GAPP V-Sorb 2800 (Kwurtaif). B kauecTBe Tra3a-HOCHUTEIS
ucnoip3oBaics azor ¢ remmeM. Merox BOT mpoBommics B Jlabopatopuu MepCIIEKTUBHBIX KEPaAMHUYECKUX M
KOMITO3UTHBIX MarepuanoB MHcTuTyra HaHOHaykd M HaHoTexHojoruit "Jlemokpurtoc" (Adwunbl, I'penus).
PenrtrenoctpykrypHblii aHanu3 nposomwics Ha gudpaxromerpe Siemens Spellman DF3 ¢ ucnons3zoBanHmem
wsnyyenuss CuKal (A = 1,5406 A) mnopomkoBsM MeTogoM B auamasoHe yriaos 20 = 5 — 100°
TepmomnporpammupoBannoe  okucienne (TIIO) wu  TepmomporpamMmMmupoBanHoe BocctaHoBienue (TIIB)
pa3paboTaHHBIX KaTaJIM3aTOPOB HCCICIOBAIMCh, Ha aHaim3atope '"Xemocop6". Mopdomoruto, pasMep HacTHIl,
XMUMHYECKHH COCTaB MCXOIHBIX M OTPAaOOTAaHHBIX KaTalM3aTOPOB MPOBOJMIM HA MPOCBEUMBAIOUIEM 3JIEKTPOHHOM
Mukpockorie TOM-125kx ¢ yBenmuuenuem no 66000 pa3 METOAOM PEIUIMK C JKCTPAKIHEH U MHUKpOAU(paKIHEH.
Wnentndukanns MUKpoanpakMOHHBIX KapTHH MPOBOAMIACH ¢ ToMomIbio nHaekca ASTM cart index (YkpauHa).

C uenplo BBISBIEGHHS CHOCOOHOCTH pa3pabOTaHHBIX KaTalM3aTOPOB K pEreHepalud WM OKUCICHUIO |
OTIPENENICHNS] SHEPTeTHIECKUX XapaKTEPUCTHK BOAOPOJA U KHCIOpoJa ObUIM NMPOBEIEHBI NCCIEIOBAHUSA METOJaMU
TIIJI u TIIO, a takke meromamu TOM, PDA u BIT mis ompenencHus MOpQOIOrHy, pasMepa 4YacTUI] U HX
XHUMHYECKOTO COCTaBa.
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B HacTosmieli paboTe moOKa3aHO, 4YTO Ha paspaboraHHoM 5%V/(O+0)AlLO; katanmzaTope mpolecc
OKHUCITUTECIbHON KOHBEPCHH IMIpOIaHa IMpoTeKaeT ¢ obOpasoBanueMm 24,5% ostuminena u 27,5% Bomopoma mpu
ONTUMAIIBHBIX yCIOBHUAX: 66,5% C3Hg + 33,5% CO,, T =700°C, W = 1000 u™' u CsHg : CO,=2: 1.

KaroueBble ci10Ba: KaTaIMTHYECKOE OKUCIICHUE, IPOTIaH, 3TUIICH, BOJAOPO/I, YIIIEKUCIIBIH ra3.
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