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B 2016 romy ans pa3BUTUS W YAyYIIEHHS KadeCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3JaH YacTHbIM bnarorBoputenbHblid GoHa «Xaiblky». 3a roibl CBOSH OesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX NMPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUTBI, KYJABTYpPBI, 31IpaBooXpaHeHus u cnopra, Ponp Beaenna Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue birarorBoputenbHbIi GoHT «XabIK» ynenseT 00pa3oBaTeIbHbIM
IporpaMmam, C4uTas 3TO HallPaBJICHUE OJHUM W3 KIIIOUEBBIX B CBOEH JESATEIBHOCTH.
Oxas3biBasi MOAJIEPKKY OT€UECTBEHHOMY 00pa30oBaHuto, GOH/I BHOCUT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBYS
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh KU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OnHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe craim MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOpBI MOMOTraeT pa3BUBAaTh HEOOXOAMMBIE B COBPEMEHHOM MHpE
MpeANpPUHUMATENILCKUE HaBbIKK. Tak, Ha comelCTBHE MajoMy OM3HECY IMIKOJbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iis moaiep KKy TaJaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHI HEOAHOKPATHO BBIACISUT TPaHThI HAa 00yueHue B MexIyHapOJHOH IIKOoJIe
«Mupacy» u B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CLLIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIN B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT 10 IPEAMETY
«OcCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKMX ILIKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepke M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKAIWU IIE€AaroroB,
COBEpIIIEHCTBOBAHNE HUX 3HAHMH U HABBIKOB, IOCKOJIbBKY HMEHHO OHHU SIBJISIOTCS
[IPOBOAHUKAMH 3HAHUHM OyIyIIMX MOKOJeHHH KazaxcTaHueB. [Ipu mognepxkke donna
«XanplK» B IOKHOH cTONMie ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKONW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTall pealn3yeMblii MPOEKT 1O OOYYEeHHIO OCHOBaM
(MHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obnacteidl Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MpEeIIPUHUMATEIBCKOTO MBIIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaXAaH CTPaHBI.

Heob6xonumyro nmomois @oHx «Xanblk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax counanabHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE NIETeH, OCTABIIMXCS 03 pOIUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHHUS, JIFOJEN C OTPAaHUYEHHBIMUA BO3MOKHOCTSIMHU, a
TaKKe 00€CIICUCHUIO HYK/IAIOIIMXCSI COLUATBHBIM KHIIIbEM, CTPOUTEILCTBY COIIHATBLHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMITJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJJICP’KKa B PA3BUTHU JIETCKOTO PyTOOJIA M Kapare
B Hame# crpaHe. JKU3HEHHO BaKHYIO TIOMOIL biaroTBopuTeNnbHbIN QOHT «XaIbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HenasHel nangemuun COVID-19. Torna,
B pasrap TsDKenod 0oprObl ¢ KopoHaBUpyCcHOH nHpeknuerd Doun Beiaenui cBbime 11
MUJUTMAPJIOB TEHTe Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIH U CPENICTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy C IOpYyrUMU TpPOCKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUSL Ka3aXCTaHCKUX TpaxkaaH DOHJ penimi yneinuTb 0c000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJIICTCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, a YPOBCHb €€
pa3BUTHS ONPEIENAET yPOBEHD Pa3BUTHUS TOCY1apCTBA.

I[onnepxkka @oHAOM BbIMycKa >XKypHajaoB HamuonanbHOM AxageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MeEXIyHapoiHble (OHABI Scopus u
Wos U B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MaruCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX YYEOHBIX 3aBEJCHHUU W
HAy4HO-UCCIIEA0BATENIbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKu1ajioM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBa.

C yBakeHunem,
BbaarorBopurebHblii ®oHa «XaabIK»!
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Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
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mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
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KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
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Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop durocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40
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Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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Abstract. Rational use of associated petroleum gas is one of the priorities facing
the oil and gas complex of the Republic of Kazakhstan. The obtained results on the
conversion of a propane-butane mixture on synthesized polyoxide catalysts can serve
as the basis for the development and creation of a technology for processing associated
petroleum gas components into hydrocarbons of greater chemical significance, namely
aromatic compounds. The composition of the catalytic system, the process conditions
have been optimized, it allows to obtain the maximum possible amount of the target
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product from gaseous hydrocarbons. The industrial implementation of this process
will make it possible to rationally use associated petroleum gas, which will expand
the raw material capabilities of the petrochemical sector. The process of oxidation of a
propane-butane mixture in a catalytic system deposited on a natural support has been
studied. Torgai white clay was chosen as a natural support. The effects of temperature,
volumetric rate, composition of the active phase, the ratio of initial reaction mixtures
on the reaction of partial oxidation were determined. Among the studied catalysts,
MoCrGa with an active phase content of 1 % showed high activity in terms of the yield
of reaction products of the partial oxidation of the propane-butane mixture, while the
yield of benzene reached 83 %. The properties of the 1 % MoCrGa catalyst deposited
on Torgai white clay were studied by XRPA, EM methods. According to the results
of XRPA, there is a similarity in the structure of the 1 % MoCrGa/TWC catalyst and
Torgai white clay. Since the catalysts are X-ray amorphous, they were studied by
electron microscopy. The size of the catalyst was 10—20 nm; the phase composition of
the resulting catalysts was also determined at temperatures of 723K, 823K the activity
of the 1% MoCrGa/TWC catalyst was directly related to the phase composition.

Keywords. Torgai white clay, propane-butane mixture, partial oxidation, natural
clay, aromatic hydrocarbons
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AHHoTanmsd. lnecrie MmyHail ra3plH yYThIM/IBI Naiianany Ka3zakcTaHHBIH MyHaii-ra3
KEIUICHIHIH aJJIbIHIa TYpFaH 0achkIM MiHIETTEepAiH Oipi Oosbin TaObutajbl. [Ipoman-
OyTaH KOCTIAChIHBIH JKapThUIall TOTBIFYBI CHHTE3/IEJITeH OIMOKCUATI KaTaau3aropiapaa
OO¥bIHIIIA ATBIHFAH HOTHOKEIIEP 11ectie MyHal ra3bIHbIH Kypam1ac 0eTiKTepiH XUMHSITBIK
KYHJIBLIBIFBI )KOFapbl KOMIPCYTEKTEpre, aTar alTKaH/1a apoMaTThl KOCBUIBICTApFa OHACY
TEXHOJIOTHSCHIH d31pJieyre jKoHEe KypyFaa Heri3 Ooua anajbl. KaTanuTukaiblk )KyHeHiH
KYpaMbl JKOHE ra3 Topi3/i KeMIPCYTeK IHKi3aThIHAH MaKCATThl OHIMHIH MaKCHUMAJIIbI
MOJIIIEPiH allyFa MYMKIHAIK O€peTiH jKapThUIail TOTHIFY NPOLECIHIH MIapTTapsl
OHTaWJIaH/BIPbLIFaH. Byl mpolecTi eHepKACINTIK 1CKe achlpy ijecrie MyHail rasbiH
YTBIMJIBI TIAlilananyFa MYMKIHIIK Oepefi, Oyl MYHal-XMMHsI CEKTOPBIHBIH IINKi3aT
MYMKIHAIKTepiH KeHelTei. TaOuru TachIMasIarblliKa KOHIBIPbUIFAH KaTaJIuTHKAIBIK
XKyHene mponaH-OyTaH KOCHACHIHBIH KapThlIail TOTBIFY Ipoleci 3eprrenai. Tadburu
TackIMalIarbI peTine Topraii ak ca30anmbIFbl TAaHIABII AJTBIHABL. XKapThiiaii TOTHIFY
peaKHAChIHA TEMITEPaTyPaHbIH, KOJIEM/IIK KbUIJaM/IBIKThIH, aKTHBTI ()a3a KypaMbIHbIH
JKOHE 0acTamKpl PEeaKIMUIBIK KOCIAa KaThIHACTAPBIHBIH dCEepi aHBIKTAJIbl. 3ePTTEIreH
KaTaJlu3aToplapAbIH ilIiH/Ie TPONaH-0yTaH KOCIAChIHBIH JKapThlIall TOTBIFY PEaKIHsCHI
OHIMJIEPiHIH IILIFBIMBI OoiibIHIIA Oencenai ¢aza mommiepi 1 % MoCrGa karannzaropsl
JKOFapbl OCJICEH UK KOPCETT, OV Ke3/e OeH30:1 MbFbIMbI 83%-Fa sxerTi. Topraii aK
ca30amubirbiHa OTHIPFBI3BUTFaH 1 %MoCrGa karann3aTopbiHbIH KacueTtepi POA xonHe
OM opicrepinid kemerimeH 3eprrenai. POA nHotmxkenepi Oovibiama 1 % MoCrGa/
TACB xaranuzatopsl xoHe Toprail aKk ca30aIIbIFbIHBIH KYPBUIBIMBIHBIH YKCACTBIFBI
Oatikanel. Karanuzaropniap peHTreHoaMopdThl OOJIFaHABIKTaH 3JIEKTPOH/Ibl MUKPOCKOTT
onicimen 3eprrenai. Karanuzaropapy memmepi 10-20 um kypansi, 723K xone 823K
TeMIIepaTypajarbl KalbITACKaH KaTalnu3aTopiap/biH (azaiblk KypaMbl aHBIKTAJIBII,
1 %MoCrGa/TACB karanu3aTopbIHbIH OeJICEHIUTITIHIH (a3aiblk KypaMblHA TiKeleH
0aliTaHBICHI KOPCETIII.

Tyiiin ce3nep: Topraii ak caz0aIIbIFbI, PONAH-0yTaH KOCHACHI, JKapThliai
TOTBIFY, TAOUFH ca30aJIIlIbIK, ApOMATThl KOMIPCYTEKTED
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AHHoTanus. PanmonanbHOE HCIONB30BaHNE TIOMYTHOTO HE(PTSHOTO ra3a sBIseTCs
OJIHOM W3 TPHOPUTETHBIX 3aJad, CTOSIIMX TMepes HePTEerazoBbIM KOMILICKCOM
Kazaxcrana. [Tonmy4deHHbIe pe3ysbTaThl 1O MPEBPALICHUIO MPONAH-0yTaHOBOH CMecH
Ha CHHTE3WPOBAHHBIX MOJUOKCHUIHBIX KaTalln3aTopax MOTYT IOCIYKUTh OCHOBOH
Ul pa3paboOTKH M CO3JaHWsl TEXHOJOTUU MepepadOTKH KOMIIOHEHTOB ITOITYyTHOTO
HE(QTSIHOTO ra3a B YIVICBOIOPOABI OOJNbINEH XWMHUYECKOH IICHHOCTH, a MMEHHO B
apoMaTH4ecKHe COeIWHEHHUs. ABTOpaMH OTHMH3UPOBAaH COCTaB KaTaJIWTHYECKOM
CUCTEMbI U YCJOBHS IPOBEAEHUS IpoIiecca, MO3BOJIAIONINE MOJydYaTh MAaKCUMAJIbHO
BO3MOYKHO€ KOJMYECTBO IEJIEBOTO IMPOAYKTAa M3 Tra3000pa3HOTO yYIJIEBOJOPOJHOTO
celpbs. llpombllyieHHas peanu3anys JAHHOTO Tpoliecca MO3BOJHUT PalMOHAIBHO
WCTIOJIb30BATh TIOMYTHBIA HEPTSHOW Ta3, YTO PACHIMPHUT CHIPHEBBIE BO3MOXKHOCTH
He(TEXMMUYECKOTO CEKTOpa. B paboTe nccnenosan nporecc napuuaaibHOT0 OKUCICHHS
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npornaH-OyTaHOBOW CMECH B KaTaJUTHYECKOW CHCTeMe, HAaHECEHHBI Ha MPUPOIHBIN
HocuTenb. B KauecTBe mpupomHoro Hocutens Obiia BblOpana Topraiickas Oenas
mHa. OnpefeseHo BIUSHUE TeMIeparypbl, 00beMHOW CKOPOCTH, COCTaBa aKTHBHOM
(a3pl U COOTHOILIEHHUS MCXOAHBIX PEAKLMOHHBIX CMECEH Ha PeaklHio MaplHaibHOTO
okucnenus. Cpeam wucciefoBaHHbIX KatanuzaropoB MoCrGa ¢ coxpepkaHuem
akTHBHOM (hazel 1 % mMoKa3aa BBHICOKYIO aKTUBHOCTH IO BBIXOAY MPOMYKTOB pPEaKkIMu
MapUuagIbHOrO OKUCIICHUS PONaH-OyTaHOBOM CMECH, ITPY STOM BBIX0J O€H3051a TOCTUT
83 %. Metogamu POA u OM wuccnenoBansl cBoiicTBa karamuzaropa 1 %MoCrGa,
HAaHECEHHOro Ha Topraickyio Oemyto mmHy. [lo pesympratam P®DA Habmiomaercs
CXOACTBO CTPYKTyphl Karamuzatopa 1 % MoCrGa/TBbI" u topraiickoii 06eioi TIUHBIL.
[TockonbKy KaTaln3aTopbl pEHTTeHOaMOP(HBI, HX UCCIIEIOBATIN METOIOM IEKTPOHHOM
MUKpockonuu. Pazmep karanuzaropa coctasisin 10-20 HM, Takxke onpeensii (pa3zoBbIi
cocraB 00pa3ylomuxcs Karanu3aropos npu Temieparypax 723K n 823K, akTMBHOCTD
katanuzaropa 1%MoCrGa/TBI" Oba HanpsiMyto cBsi3aHa ¢ (Pa30BBIM COCTABOM.
KiioueBsle cioBa: Typraiickas Oenas TINUHA, NpONaH-OyTaHOBasi CMECH,
napluuagbHOE OKUCIEHHUE, TPUPOAHAS IIMHA, apOMaTHYECKHUE YIIIEBOAOPOAbI

Introduction

The effective use of hydrocarbon gas raw materials is one of the urgent problems.
The basis of natural and associated gases is lower paraffins (Shorayeva, Massalimova
et al., 2021). Gases from oil plants consist of C,-C, paraffins and up to 40 % of their
corresponding olefins. The light fraction of C,-C, hydrocarbons, which is obtained as a
by-product, has been unable to find its effective application in Kazakhstan.

To this day, the majority of C,-C, hydrocarbons are used as compressed gas and
household fuel (mainly propane-butane mixture). Valuable chemical products such as
aromatic and aliphatic liquid hydrocarbons can be obtained from the light paraffins and
olefins contained in the gasses from oil plants, therefore this problem never loses its
relevance (Rasulov et.al., 2012; Tuktin et.al., 2020).

For the first time, the method of obtaining aromatic hydrocarbons from C.-
C, low molecular weight paraffins was solved in the 1960s (Dorogochinsky et,al.,
1989). Aromatic compounds are formed by carrying out the following reactions:
dehydrogenation — oligomerization of olefins — dehydrocyclization (benzene) —
alkylation (toluene, xylene). In recent years, the widespread use of zeolite catalysts in
the oil refining and petrochemical industry has influenced the improvement of catalytic
processes. In particular, zeolite catalysts were distinguished by their high activity,
selectivity and stability in the processes of cracking, hydrocracking, isomerization of
paraffinic and aromatic hydrocarbons (Zaikovskii et.al., 2018; Tuktin et.al., 2019). In
addition, they were highly active in oligomerization and dehydrocyclization processes
of light paraffins and olefins into high molecular weight products (Baerlocher et.al,
2007; Frey et al, 2011). An effective catalyst is needed for the conversion of C,-C,
hydrocarbons into high molecular weight compounds. From this point of view, the
attention of researchers has recently been drawn to pentasil-based zeolite. In general,
the use of zeolites in various processes depends on their activity, selectivity, thermal
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stability, mechanically resistant properties as shown above (Zaikovskii et.al., 2018;
Gabrienko et.al., 2010). In the way of obtaining aromatic hydrocarbons from a propane-
butane mixture, some works have mainly studied haloaluminosilicate catalysts. Catalyst
containing gallium provides process stability and increased activity (Vosmerikova et.al.,
2008; Bhan et.al., 2008). In this work, the influence of the nature of molybdenum,
chromium, and gallium catalysts fixed on natural supports such as Torgai white clay
(TWC) and reaction conditions on the yield of benzene formed during the partial
oxidation of C,-C, hydrocarbons was studied (Massalimova, 2019).

The aromatization of propane and other small alkanes offers a promising method for
generating valuable aromatic products from saturated hydrocarbons (Vosmerikov et.al.,
2014; Caeiro et.al., 2006; Hagen et.al., 2000). In recent decades, extensive literature
has addressed the mechanism of propane aromatization using metal-modified zeolites,
primarily gallium (Ga) and zinc (Zn), aiming to enhance the efficiency of aromatization
(Vosmerikov et.al., 2008 et.al., Vosmerikov et.al., 2019). The widely accepted reaction
pathway involves propane dehydrogenation, forming an olefin, which then undergoes
dehydrooligomerization and cyclization steps to produce aromatic molecules. The role
of the metal component in the most commonly employed catalysts, based on gallium or
zinc-modified high silica zeolites, remains a subject of debate. It may involve creating
bifunctional sites for propane activation or enhancing the dehydrogenation function
of the catalyst, facilitating easier hydrogen desorption as H2 (Hagen et.al., 2000;
Vosmerikov et.al., 2019).

Materials and basic methods

Research work was carried out in the temperature range of 573—873 K, contact time
0.24—-12s, volume speed 300—15000 h'!, with changes in the initial reaction mixture
ranges C,-C, 14-80 %; O, 4-18 % (Massalimova, 2019).

1 %MoCrGa/TWC was used as a catalyst. Their preparation, carrying out the process
of partial oxidation of C,-C, hydrocarbons, identification of the products formed as a
result of the reaction were carried out in the same conditions as described in the previous
article (Massalimova, 2019).

Some physico-chemical properties of prepared catalysts were studied using electron
microscope (EM) (EM-125K), X-ray phase analysis (XRPA) (diffractometer DRON-
4-07). In addition, the specific surface area and the pore volume of the catalysts were
determined using the BET method. The studies were carried out using an EM-125K
electron microscope using the method of single-stage carbon replicas with extraction,
using microdiffraction, as well as the transmission method (suspension preparations).
The shooting was carried out at different magnifications depending on the size of the
particles. Replicas were sprayed in a VUP-5 installation. The carrier was dissolved in
concentrated HF.

Results and discussion

During partial oxidation of C,-C, hydrocarbons on MoCrGa/ TWC catalyst, it was
shown that the reaction is multidirectional (cracking, dehydrogenation, isomerization,
aromatization) and various organic compounds are formed (Massalimova, 2019).
However, since the main goal of this article is to determine the ways to obtain benzene
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products by changing the reaction conditions, we will focus only on the aromatization
process. Partial oxidation of the propane-butane mixture was carried out in the flow-
catalytic installation PKU-1 (Figure 1).

Figure 1. Flow-catalytic installation PKU-1

Figure 2 shows the temperature (723—873K) of the product yield of benzene obtained
during partial oxidation of propane-butane mixture on pure TWC and 10 % Mo/TWC,
Cr/TWC, Ga/TWC catalysts. The yield of benzene does not exceed 0.3 % in catalysts
used in the temperature range of 673—773K. As the process temperature increases to
823-873K, the yield of benzene increases to 2.5 % in the pure support and catalytic
system, while other structures such as methyl ethyl ketone, acetone, acetaldehyde and
gas phase H,, C,H, are formed in the amount of 15-20 %.

. I Twc
5= 2,0 = [ IMo/TWC
.g _ I cr/Twe
S 1.5 - [l ea/twc
=
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Figure 2. Effect of temperature on the yield of benzene in supported and monocomponent catalysts.
Reaction conditions: C,-C:0,:N_=7:1:4; W=7500h";
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Figure 3 shows the effect of the amount of active phase (1-, 5-, 10%MoCrGa/TWC)
on the yield of benzene formed in the partial oxidation process of the propane-butane
mixture on the MoCrGa/TWC catalyst. Comparing the used catalytic systems, high
activity of 1 %MoCrGa was observed, and the yield of benzene increased to 83 %. With
the increasing of the amount of active phase by 5-10 %, there are observed only traces
of benzene among the products formed on MoCrGa/TWC catalysts.

100+ B 1% MoCrGa/TWC
S 80 I 5% MoCrGa/TWC
g
§ B 10% MoCrGa/TWC
g 60+ B 5% MoCrGa
,g - TWC+ZSM-5+Al (OH)5, {NO,
& 20
(6]

o..

1 2 3 4

Figure 3. Influence of catalyst composition on the amount of benzene in the catalyzate. Reaction
conditions: C,-C,:0,:N =7:1:4; T=823K; W=750h"";

In Figure 4, the influence of the volumetric rate on the partial oxidation process of
the C,-C, hydrocarbon mixture on the MoCrGa/TWC catalyst was studied. According
to the figure, the yield of benzene was considered in the ratio of initial reaction mixture
C,-C,:0,:N_=7:1:4, volumetric rates of 750h" and 7500h", temperature ranges of
573K-823K. Benzene is not formed at the sharply increased volume rate of 7500 h™'. In
the temperature range of 573K-723K, a trace of benzene is observed at a volumetric rate
of 750 h™!, when the temperature is raised to 773K, the yield of benzene increases by 10
%, and at 823K, its yield increases sharply and reaches 83 %.

._
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=
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Figure 4. Effect of space velocity on the yield of benzene in the catalyzate on a 1% MoCrGa/TWC
catalyst. Reaction conditions: C,-C,:0,:N_=7:1:4;
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Thus, it was observed that the temperature, volumetric rate, composition of the initial
reaction mixture have a great influence on the yield of benzene formed during partial
oxidation of propane-butane mixture. When the composition of the reaction mixture
was C3-C4:02:N2=7:1:4, the yield of benzene increased at a temperature of 823K.

The 1 %MoCrGa/TWC catalyst, which showed a high activity in these experiments,
was studied by XRPA and EM methods. According to the XRPA method, the 1
%MoCrGa/TWC catalyst before the reaction consists of a-quartz, X-ray amorphous
(JCPDS 5-490), 3.52 and 7.01-kaolinite AL,JOH],{Si,0,} (29-1488), which basically
corresponds to the structure of Torgai white clay. Meanwhile, the diffractogram of
the 1%MoCrGa/TWC catalyst was formed pretreated in the reaction feed at 623K
and 823K are similar to each other and to the initial sample. All catalysts are X-ray
amorphous. Therefore, phases not observed by XRPA can be detected by EM method.
These two methods complement each other and describe the change of the catalyst
composition depending on the effect of the reaction medium. Figure 5 shows that the
initial 1%MoCrGa/TWC catalyst consists of large and densely packed particles. The
rare reflections correspond to the Cr,O, (JCPDS, 6-508) phase.

CrOOH+B-MoOs MoO(OH),

10-20 nm

e =
- = [ - 15-20 nm
= — |

Figure 5. Electron microscopy images of the initial 1% MoCrGa/TWC catalyst

After testing at 623 K, the sizes of the catalyst particles formed in the reaction medium
are 10-20 nm and larger, and the dense, semi-transparent, symmetrical reflection-
type phases of CrOOH (JCPDS, 20-312) and f-MoO, (JCPDS, 37-1445) consists of
a mixture (Figure 6a). Aggregates £-Ga,O, (JCPDS, 6-509) (Fig. 6b) and plate-type
MoO(OH), (JCPDS, 9-161) (Fig. 6¢) consisting of dense particles with a size of 10-20
nm and larger, diffuse new circular y-MoC (JCPDS, 8-384) (Fig. 6d), hexagonal (Fig.

6e) MoC (JCPDS, 6-546) phases.

a) CrOOH+B-MoOs 6) e-Ga203, ' c) MoO(Oﬁ)z
10-20 nm 10-20 nm 10-20 nm
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!.' -

>20 nm >10 nm

Figure 6. Electron microscopy images of the 1% MoCrGa/TWC catalyst after testing at 623K.

Meanwhile, at 823K, the semi-transparent release with a volume of 10-20 nm and

larger is a concentrated, often symmetrical, set of reflections: Ga, O, (JCPDS, 6-529),

Cr,0, (JCPDS, 12-559), Mo

( Phases such as JCPDS, 36-863), Mo,O, (JCPDS,

0.42C0458

20-754) (Fig. 7a), a large set of aggregate reflections consisting of dense particles with
a size of 6-10 nm Cr, Mo, .0, (JCPDS, 34-473) and MoC (JCPDS, 6-546) (Fig.

0.17 0.83

7b) and a dense particle aggregate consisting of a mixture of CrO (JCPDS, 6-532),

Cr,

Mo, .0, (JCPDS, 34-473) with a size of 10-20 nm (Fig. 7c¢).

Cro,17M00,8302+MoC
CrO, Cro,17M00,8302

-

10-20 nm

) ]
a) Ga203,+Cr30at+ 6) Cro,17M00.8302 sxoHe MoC ¢) CrO, Cro.17Mo00.8302
Mo00.42Co,58+M030s 6-10 M 10-20 am

10-20 am

Figure 7. Electron microscopy images of the 1 % MoCrGa/TWC catalyst after testing at 823K.

The specific surface area and pore volumes of synthesized catalysts are shown in the

Table 1. The values of the surface area and the pore volume of Torgai clay is lower than
1 %-, 5 %-, 10 % MoCrGa/TWC.

Table 1. Specific surface area and pore volumes of synthesized catalysts in partial oxidation of the
propane-butane mixture.

Ne | Catalysts Specific surface, m*/g Pore volumes V, .., ml/g
1 Torgai white clay (TWC) 14,51 155.53
2 [1%Mo+1%Cr+1%Ga/ TWC 16.80 303.61
3 [5%Mo+5%Cr+5%Ga/ TWC 21.29 297.47
4 [10%Mo+10%Cr+10%Ga/ TWC | 36,8 172,76
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The specific surface area of 1 %MoCrGa/TWC catalyst is 16,80 m*/g and the pore
volume is 303,61 ml/g. These results obtained using the BET method are considered
sufficient for the use them in the catalytic processes.

Conclusion

In conclusion, the decrease of the particle size of the catalyst due to the reaction
medium effect (from 20 to 6 nm) affects the formation of spinel in the form of CrMoO,
in its content. It was determined that the increase in the yield of benzene in the catalytic
process is related to the above change.Thus, it was shown that the high activity of the 1
%MoCrGa/TWC catalyst is directly related to the formation of new phase compositions
and changes in their particle sizes, as shown by the results of XRPA and EM studies.
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