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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
s %V/(o +a)Al20s 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% CsHs + 33.5% CO2, T = 7000C, W = 1000 h-1 and
CHB8:CO2=2:1

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:-Ca 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], V20s/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 - 6000C and a ratio of gases supplied: 10% CsHs : 5% O2 :
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-1. For VOC-F catalyst at 5400C 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 CsHs 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

Catalystpreparation

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 = 2000C for 2 h. Calcinations of
samples at T = 5000C 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 Hz, Oz, N2, CHa, C:LU, C:H4, Cs-Ca 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 - 280X, column temperature - 400C 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 cm2. 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 ( = 1,5406
A) radiation by powder method in the angle range 20 = 5 - 1000.
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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/(0+a)AhO3
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/(0+a)AhO3 catalyst in the oxidative conversion of propane to
ethylene and hydrogen under optimal reaction conditions.
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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].

Figure 2 - XRD analysis of 5% V/(e+a)AhQO3 catalyst

XRD analysis of 5% V/(0+a)AhO3 catalyst (figure 2) revealed the following phases: AIVO.4 (JSPDS,
11-0130), AhO3 (JSPDS, 42-1468) and V.0s (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: VeOn (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:0s (JCPDS, 19-1391), VOOH (JCPDS, 27-1366), VOo.s (JCPDS, 10-313).

Figure 3 - TEM images of 5% V/(0+a)AhC>3 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:-Q (JCPDS, 18-445), VsO1: (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 * H20
(JCPDS, 15-247) n y-VO: (JCPDS, 35-361).

Figure 4 shows the TPR spectrum ofthe 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 V20s in VeOiz (TmaxIl=700°C), VeOwis in VO
(rmaxn=840°C), VO: in Vs0is (Tmaxlll=920°C) and then VsOss in V203 (TmaxI\=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.
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Figure 4 - TPR spectrum of 5é0V/(0+a)AkO3 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% Cb+He catalyst oxygen absorption is starting from 100°C.
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Figure 5 - TPO spectrum of 5%\V/(0+a)AkO3 catalyst

It is assumed that the oxidation of reduced, coordination unsaturated vanadium oxides V4+is with the
formation of weakly adsorbed forms of oxygen and V:0s, as evidenced by the presence of several peaks
of O absorption:

O2(@@) "O: (ufeoid) ~O2 (imintelatic)

From figure 5 it is seen that 5,0%V/(0+a)AhO3 the catalyst absorbs O: at maximum: Tmex1 =270,

TrmeaxH=560 and TmexH =750°C.
The paper presents data of activity of the developed 5% V/(0+a)AhO3 catalyst in the oxidation

reaction of propane at W = 1000 h-1with a change in T = 500 - 8000C and the ratio of the initial gases in
the reaction mixture CsHs :CO2=1:12:1and5: 1

Tendeeralnre,0C

Figure 6 - Investigation of activity of 5%\V/(0+a)AhQO3 catalyst
in the oxidation of propane at W = 1000 h-1

It was found that the optimal ratio for the conversion of propane is CsHs : CO2 = 1: 1and CsHs : CO:
21
114



ISSN 2224-5286 Series chemistry and technology. 3. 2020

The study of the activity of the developed 5% V/(o +a)Al.0s catalyst in the reaction of oxidative
conversion of propane at W = 1000 h-1, CsHs : CO2 = 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/(0+a)AhO3 catalyst activity
in the reaction of propane oxidation at W = 1000 h-1, GsHs : CO, =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/(0+a)Al203 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)Al203 passes with the
formation of 24.5% ethylene and 27.5% hydrogen under the optimal conditions found by the experimental
method: 66.5% CsH8+ 33.5% CO2(CsH8:C02=2 :1), T = 7000C, W = 1000 h-1
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MPOMAHAbI MALbI3AbI MYHAN-XUMUSA 8 HTMOEPTHE
KATANNTUKAbLL BHAEY

AHHOTaUus. JneMIK M Hail Kopbl KyH CailblH 3aMaHayu TeXHOMOrusnapAbl nainganaHa oTbipbin, Y3AIKCI3
eHAIpy K3He onapfbl KaiiTa eHpaey ecebiHeH asaiibin Gapagbl. BYKin anem ranbimgapbl M™Haii XUMUSICbIH
a/IMacTbIpyLUbl PeTiHAe Tabury rasgpil, opacaH 30p pecypcTapblH NaiifanaHy YLwiH TYpAi WuKi3aT maTepyangapsi
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MeH afacTepLu i3geigi. OcbiraH 6aiinaHbICTbl MyHali-xumns OHepKOci6i YLwiH wunwsatTbiy, 6anamans! Ke3i peTiHge
Tabury rasra aintapnbLiTaii KeHin 6eniHgi.

2017 xbingbly coupliHaa «British Petroleum» (BP) komnaHuscskl >xapusnaraH World Energy-2018 bin
CaliblHrbl CTATUCTUKANBLIK LUOMYbIHA C3WKeC, anemgeri fanengeHreH Tabury ras Kopbl 193,5 TpnaH. Tekwe meTpre
6aranaHfbl. KaszaxctaH anemfe 15-opbiHAa 3He Tabury ras Kopbl 6oiibiHwWa TM/-ga 4-opbiHaa. Onempik ras
eufey eHepkacibiH JambITy nepcrnexkTMBaiapbl NOUMEp, CMUPT XK3He MOTOP OTbIHAAPbIH eHAipyre Hensgesnrex
oNnetHAEPAl  anyfpll, 3KOMOTUANLIK Tasa KaTaIMTUKAIbIK JKaua TeXHONOruanapbiH Kypy >K3He eHnsyre
GaiinaHbICTbl. KasakCTaHHbIL ra3 eujey 3ayblTTapbl Kasipri yakbiTTa rasgbl CydaH, KeMipKbIlUKbll rasbl MeH
KYKIpTCyTeri kocnanapbiHaH, onapabl TYPMbICTbIK MakcaTTa naiganaHy YLiH TasapTyMeH aiiHaibicagbl. MyHgait
xargaii C1-C4 >xew ankaHgapfbl KaiTa eugeyre 6arbiTTairaH ala KaTaiuMTUKanblK TeXHOMOrUsnapabiL
XeTicreyLiniriHe Hemece >XOKTbIrbIHA 6alinaHbICTbl. MyHAa onedmHaep, nnactmaccanap, MOTOp OTbIHAAPbIH XK3He
MMMNOPT ecebLUeH KaHaraTTaHaTbiH 6acka fa eHiMaepai eHaipy 6olibiHWA eHAIPICTIK KyaT oK. COHAbIKTaH MyHaii
KOpnapblHaH efayip acaTbiH >Keuis KeMipCyTeK LWMK13aTblH EHEpK3CINTIK KainTa eHgeyfi KapKblHAbl AaMbITy
MaLibI3Abl MiHAET caHanagbl.

KasakctaH Pecny6nmkacbiHa KeMipCyTeK LUMKi3aTbiHbIH OpacaH 30p KOpblHA KapamacTaH, On HerisiHeH
TYPMbICTbIK, €HEPK3CIMTIK X3He MOTOpAbl OTbiH TYPIiHAE TYyTbIHbIaAbl, KaiAblkTap naiganaHbinraH rasgapapil
KypaMblHAa Xarbliafbl HeMece MyHali KysTblH KabaTTapra KailTa avifanagpl. liecne rasgapAbly, KypamblHa KipeTiH
XK3He MyHail xvmuscbiHAa TY3ineTiH MponaH GipiHWI arfjainga >karbinagbl HEMece cenapauusgaH KeidiH OTbIH
peTiHAe naiganaHblnadbl. EKiHWI Xargaiga on iwiHapa MyHail XUMMACbIHAQ, COHAai-ak KOMMYHaniblK Hemece
MOTOP/Ibl OTbIHIa NalifanaHblnafpbl, KairaHbl 3KCNOPTKa Wbiragpl.

XKyMbICTa MpoMaHHbIL, 3TUMEHTE XX3HE CyTeKKe TOTbIry YpAepiciH >XYprisyre KabineTri BaHaguid HerisiHge
JaliblHaaraH Katanmsatopabil, 6enceHginiri Typanbl ManiMmetTep CO2TOTLIKTBIPrbILL KaTbIChIHAA XYPETLL peakuusra
HerizgenreH. Katanutukanbik xYWenep ayaga cingipy agiciMed cuHTesmengi. Katanusatopnapapil, faiiblHganra
Kypambl ayafia T=2000C KesiHZe Kennpe OTblpbin 2 carar, ofaH kewH T=5000C ke3iHfe Ynrinepai Koi3gblpy
apKbl/bl biNran CblibIMAbIIbINEI GOMbIHLLA TackiMangarbitapra OTbIprbi3bliraH MeTann Ty3fapblHbiL, apanac cy
epTHALWEpPLW Kanuansap/bl CiHAIPY 3AiCiMEH falibiHAaabI.

[JaiibiHganraH katanmsatopnap Gapp V-Sorb 2800 (Kbitail) TangarbiwbsiHga BT agicimeH 3epTrengi. lMas
TacbiMangayllbl peTiHAe renuiA MeH as30T rasfapbiHbil, Kochachbl KonfaHbingbl. BT 3ara HaHOrbINbIM Ok3He
HaHOTEXHOMOTMANAP  WHCTUTYTBIHLIL,  MEPCreKTUBa/bl  KepaMMKasblK  X3He  KOMMO3WUTTIK  mMaTepuangap
3epTxaHacbiHia «[lemokpuToc» (AduHbI, Mpeuns) eTkisingi. PeHTreHKypbInbIMAbIK Tangay Siemens Spellman DF3
andpaktometpwge CuKal (X= 1,5406 A) cayneneHyw KongaHy apkbiibl 20 = 5 - 100° 6ypbiwTap Auana3oHbiHAA
YHTaK 3giciMeH XYprisingi. TepmobargapnamanaHraH TOTbITY )K3He [faiiblHAanraH —Katanusatopnapgpl
TepmobargapramanaHraH KannbiHa Kennpy (TOTbIKCbI3AaHabIpY) «XeMocopb» TanfarbllbiHAa 3epTTeNar bactankel
X3He eHfenreH Karanmsaropnapipil, MOpPgONorMaCchiH, 6enwekTep MesepiH, XMMUAIbIK KypamblH 3KCTPaKLMACHI
X3He MuKpoandpakuumsacel 6ap pennvk agrameH 66000 ecere geliiH ynrata oTbipbin, TOM-125k xapbIK TYCIpeTiH
3MIEKTPOHABIK MUKPOCKOMNMEH Xypn3ar Mukpogndpakumsanbik KapTuHanapgbl calikecTeHgipy ASTM cart index
(YKpanHa) MHAEKCIHIH agmenmeH XY prisingi.

JXKyMbICTa MpOMaHHbIL, 3TUMEHTE XX3HE CyTeKKe TOTbIry YgepiciH >KYprisyre KaOlleTn BaHaguid HerisiHge
33ipfeHreH KatanusaTopfbly, 6enceHawn Typaibl ManiMeTrep CO2 TOTLIKTHIPrbIW PenHAe KoMgaHbinampl.
03ipneHreH KaTamM3aTopnapabil, pereHepauusra Hemece TOTbIryra KabifieTiH aHbIKTay YK3He CyTen MeH OTreriHiH
3HepreTUKanblK cunaTraMmaiapbliH aHblKTay MakcaTbiHAa Tng >kaHe TIMO agicTepimeH, CoHAai-ak GeniiekTep
MOPMONOrMACLIH, Me/LLepiH X3He onapipll, XUMUANBbIK KypamblH aHblkTay YWwiH T3M, B3T xaHe PPA
apicTepimeH 3epTTeynep XYprisingj.

Ocbl xyMbicTa 5%V/(0+a)Al203 KatanmsaTopsyfa NponaHHbIL, TOTbINY KOHBepcuschl Yaepici 24,5% atuneH
X3He 27,5% cyTen TY3iflyiMeH ouTalinibl Xarfainapga etegi: 66,5% CsHs + 33,5% COz, T = 7000C, W = 1000 car-1
*3He CsHs : CO2=2: 1

TyLWH ce3fep: KaTaUTUKa/bIK TOTbITY, NPOMaH, 3TU/EeH, CYTeN, KeMipKbILWKbIN ras.
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KATANUNTNYECKAA MEPEPABOTKA MNMPOMAHA
B BAXXHbIE HEGTEXUMUNYECKWE MPOAYKTHhI

AHHOTaUMA. MupoBble 3anacbl HePTU C KaXAbIM JHEM COKPAaLLalTCH 3a CUET HenpepbIBHOW [06bIUM U KX
nepepaboTKN C WCMOMb30BAHMEM CaMblX COBPEMEHHbIX TEXHOMOMMA. YueHble BCEr0 Mupa MWLWYT pasivnyHble
CbIpbeBble MaTepuasibl U METOAbI AN UCMONb30BaHNA OrPOMHbIX PeCYpCOB NPUPOAHOIo rasa B KayecTBe 3aMeHUTENS
HedpTexMMmn. B 3TOl CBA3W 3HAuYMTENIbHOE BHUMaHWe YLenseTcsa MPUPOAHOMY rasy Kak aJbTepHaTUBHOMY
WCTOYHMKY CbIpbS ANA He(hTEXMMUYECKON NPOMbILLIEHHOCTW.

CornacHo exerogHomMmy ctaTuctudeckomy 063opy World Energy-2018, ony6/i1MkoBaHHOMY KomnaHumen British
Petroleum (BP) B koHue 2017 roga, goKasaHHble 3anacbl NPUPOAHOro rasa B Mupe oueHuBarTca B 1935 TpnH
KybomeTpoB. KasaxctaH 3aHumaeT 15-e mecto B Mupe u 4-e mecto B CHIC nmo 3anacam NpMpPOLHOro rasa.
MepcneKTUBbI Pa3BUTUS MMPOBOi rasonepepabaTbiBatoLLLEN NPOMbILLIEHHOCTU CBS3aHbI C CO34aHNEM U BHeLPeHVEM
HOBbIX KaTa/IMTUYECKNX, IKOMOrNYECKN YNCTbIX TEXHOMOTMIA NOMyYeHNs 01eMHOB, OCHOBaHHbIX Ha NMPOU3BOACTBE
nosMMepoB, CMAMPTOB WM MOTOPHbIX TONAvB. [asonepepabaTtbiBalolwime 3aBoAbl KasaxcTaHa B HacTosillee Bpems
3aHMMaloTCA B OCHOBHOM OYWCTKOM rasoB OT BOAbl, MPMMeceil YreKUcrioro rasa M CcepoBogopoga Ans ux
UCMnonb3oBaHWs B ObITOBbIX LenAx. Takasa cuTyaums cBsi3aHa C HEJOCTaTKOM WAN OTCYTCTBMEM HOBbIX
KaTa/IMTUYeCKMX TEeXHOJIOTMA  HanpaB/ieHHON MepepaboTKM ferknx ankaHoB C1-C4. 3pgecb OTCYTCTBYHOT
NPON3BOACTBEHHbIE MOLLHOCTM MO MPOU3BOACTBY 0/1EDMHOB, NNACTMACC, MOTOPHLIX TOM/INB U APYrUX MPOAYKTOB,
CMpOC Ha KOTOpble Y0B/IeTBOPSETCA 3a CHeT umnopTa. MoaToMy BaXXHOW 3ajaqeli ABNSETCA UHTEHCMBHOE pasBUTUe
NPOMBbILLIEHHOW nNepepaboTKy NIErKoro YrieBOAOPOAHOrO CbIPbs, 3anacbl KOTOPOro 3HauYMTe/lbHO MpeBbILAT
3anacbl He(pTu.

B Pecnybnuke KasaxcTaH, HeCMOTPS Ha OrpoMHble 3anacbl YrneBofOPOAHOr0 CbIpbs, OHO B OCHOBHOM
noTpe6nserca B BMAe O6bITOBOrO, MPOMBILIIEHHOrO W MOTOPHOIO TOM/MBA, OCTaTKM CXUraloTcs B COCTaBe
0TpaboTaHHbIX rasoB WM BHOBb 3arOHAOTCA B He(TeHOCHble NacTbl. [lponaH, KOTopbIli BXOAMT B cOCTaB
MonyTHbIX rasoB 1 o6pasyeTca B He(hTeXMMMWM, B NMepBOM Cy4dae iMbo CKUraeTcs, NGO NCMOb3YETCA B KayecTBe
TonsvBa Mocne cenapauun. Bo BTOPOM ciydyae OH YacTUYHO WCMO/Mb3YeTCA B HedTeXMMUKM, a Takke B
KOMMYH&/IbHOM W1 MOTOPHOM TOM/IMBE, OCTa/IbHOE MAeT Ha IKCMOPT. VI3BECTHO, YTO COeANHEHNA BaHaAMA LLUNPOKO
NPUMEHSIOTCA 1A FOMOFEHHOr0 W FeTEPOreHHOro Katasnu3a, OCO6eHHO NpU CeIEKTUBHOM OKWMC/IEHUU NIErKUX
/TKaHOB, KOTOPbIE ABNAOTCA OL4HUM U3 Hanbonee ahPeKTUBHbIX KaTann3aTopos.

B pa6oTe npeacTaBneHbl faHHble 06 aKTMBHOCTM pa3paboTaHHOro KaTanm3aTopa Ha OCHOBe BaHagus,
CNOCO6HOr0 MpoBOAUTL MPOLECC OKWUCNTENBHOIO MNPeBpalleHus npornaHa B 3TWeH W BOAOPOfL, WCNONb3ys B
KayecTBe okucnmTens CO2 KaTanuTuyeckvne CUCTEMbl ObIIM CUHTE3NPOBAHbI METOAOM MPOMUTKMA Ha BO3AyXe.
PaspaboTaHHble CcOCTaBbl KaTa/M3aToOpoB MoJy4anys MeTOLOM KanWnisapHOW MNPONUTKMA CMELLaHHbIX BOAHbIX
pacTBOPOB CO/e MeTasl/l0B, HAaHECEHHbIX Ha HOCUTENW MO BNaroeMKOCTW, C Noc/eAytoLLei cylwkol npu T=200°C B
TeueHWe 2 YacoB NpoKasMeBaHMeM o6pasuoB nNpyu T=500" B TeueHMe 2 HACOB Ha BO3AYyXe.

Y[OenbHy0 nNNowWafb MOBEPXHOCTM W W3MepeHue pacrpefeneHna nop paspaboTaHHbIX KaTa/M3aTopos
uccrnegoanm Metogom B3T Ha aHanmsatope GAPP V-Sorb 2800 (Kutail). B kadecTBe rasa-HocuTens
ucnonb3oBasicas asoT ¢ renvem. Metog B3T nposoawncs B JlabopaTopvu NepcneKTUBHbBIX KepaMUyecKux W
KOMMO3NTHbIX MaTepuanoB WHCTUTyTa HaHOHAyKU W HaHoTexHonoruii "Oemokputoc” (AduHbl, [peuus).
PeHTreHOCTPYKTYpHbIA aHann3 npoBoauica Ha pAudpakTomeTpe Siemens Spellman DF3 ¢ ucnonb3oBaHWeM
nanydyeHnsa CuKal (X = 15406 A) nNopowKoBbIM MeTOAOM B fAuanasoHe yrnos 20 = 5 - 100°.
TepmonporpamMmumpoBaHHoe — okucneHve (TMO) wn  TepmonporpammMuMpoBaHHOe — BoccTaHoBneHue  (TTB)
paspaboTaHHbIX KaTanu3aTopoB WCCNedoBanncb Ha aHanusaTope ‘‘Xemocop6™. Mopdonorvio, pasmep 4vactuu,
XMMUYECKMUIA COCTaB MCXOLHbIX U 0TPaboTaHHbIX KaTasM3aToOpoB MPOBOAUIN Ha MPOCBEYMBAIOLLEM 3/1IEKTPOHHOM
Mukpockone TAOM-125k ¢ yBenuyeHmem o 66000 pa3 MeTOAOM PEr/IMK C 3KCTPaKuven U MUKPoaUtpaKLumei.
MpaeHTUmKaunsa MMKpoanpakLMOHHbLIX KapTUH MPOBOAUNACKL C MOMOLLbIO MHAeKca ASTM cart index (YKpaunHa).

C Uefblo BbISABMEHNA CMOCO6HOCTM paspaboTaHHbIX KaTann3aTOpoB K pereHepauvn WM OKUCNEHUIO W
OnpefdenieHNs 3HepreTUYeCKMX XapaKTepUCTUK BOAOpoLa U Kucnopoga 6biv NpoBedeHbl NcCnefjoBaHNA MeToLaMM
TNA n TMNO, a Takke MeTofamu TOM, PPA u BIT ana onpegeneHusa mMopdosiormm, pasMmepa yactul, U UX
XMUMUWYECKOr0 cocTaBsa.
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B HacToswein paboTe rmokasaHo, 4YTO Ha paspaboTaHHoOM 5%V/(o +a)Al203 KkaTtanmsaTope npovecc
OKWC/IUTENIbHOM KOHBEPCUM TMponaHa npoTekaeT ¢ ob6pasoBaHveM 24,5% 3tuneHa u 27,5% Bogopoga npu
onNTUMasIbHbIX ycnosuax: 66,5% C3Hs + 33,5% CO2, T = 7000C, W = 1000 y1un C3H8 : CO2=2 : 1L

KntoueBble cN0Ba: KaTaJMTUYeCKOe OKMC/IeHMe, NponaH, 3T1eH, BOLOPOS, YI/IEKNCbINA ras.
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