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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.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amoM UHOeKcuposaHUU Haxodumcsi 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0ns danbHeliweezo npuHsmusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4yecmso u
2nybuHy koHmeHma 0151 uccriedogamerel, asmopos, usddamersel u yuypexoeHul. BkrirodeHue Nagecmusi
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawy MnpueepxeHHoCMb K Hauboriee
akmyasibHOMY U 8/IUSIMesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam O Hauleeo coobuecmea.
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THE CATALYTICAL OXIDATION OF PROPAN-BUTANE MIXTURE
ON THE HYDROGEN AND HYDROGEN CONTENT COMPOUNDS

Abstract. Oxidative conversion of the propane-butane mixture by air into oxygen-containing compositions was
studied. It were determined the optimum reaction temperature, contact time, change in the space velocity in the
process of partial oxidation of C3-C4 hydrocarbons. The physicochemical studies of the initial and treated catalysts
were carried out under experimental conditions. When changing the content of the active component from 1 to 10%
on the carrier, it was found that the most optimal is 1% MoCrGa/TC catalyst, on which up to 89.92% of hydrogen is
obtained. As a result of varying the composition of the catalyst, the content of the active phase, the ratio of reactants,
up to 70% of ethylene was obtained. In addition, in some cases, CH;OH was obtained, the maximum yield of which
is 22%, and also up to 35% of methyl ethyl ketone. As a result of EM and XRD studies, it was shown that under
reaction conditions, a new Cr,Os phase is formed on the catalyst surface (corresponding to the Cr*" and Cr'
transition to Cr’*), as well as joint Mo phases with Cr in different valence states, the physical meaning and role of
which are to be determined.

Key words: catalysts, propan-butane mixture, natural clay.

Introduction. It requires the creation of large chemical industries on the basis of gas and oil resources
to strengthen its economic status concerned to the strategic program of the Republic of Kazakhstan [1-3].
Today Kazakhstan has large reserves of raw materials, which have not been put into production [4-7].
Recently, environmental attention has been focused on reducing their harmful effects by incorporating
hydrogen and hydrogen-based additives into fuels used in heat centers as well as for gasoline and diesel
fuels. It is known that the use of catalysts for the production of hydrogen and hydrogen-based additives
from the alkanes is a progressive and scientifically developed course of research [8-12].

Methods. The experiments were carried out at atmospheric pressure in a continuous-flow unit with a
fixed-bed quartz-tube reactor. Analysis of the reactants and products was carried out chromatographically
with an “Agilent Technologies 6890N” instrument. The catalysts were investigated by X-ray diffraction
(XRD), electronic microscopy (EM), infra-red spectroscopy, and their surface area, porosity, and
elemental composition were determined [1,5].

Figure 1 shows the effect of temperature on the hydrogen emissions generated by partial oxidation of
the propane-butane mixture with the catalysts. It was determined that the yield of H, gradually increased
as the temperature increased from 623K to 873K.
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Figure 1 - The effect of temperature on the hydrogen product generated in partial oxidation of propane-butane mixture.
Reaction: C3-C4:0,:Ny:Ar=1:1:4:1

As seen from the Figure 2, the change of the active phase between 1 and 10% has a direct impact on
the yield of product. It was obtained 89,92% hydrogen from the 1%MoCrGa/NWC three-component
catalyst by changing the active phase composition into the supporter.
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Figure 2 - Influence of active phase composition on hydrogen output. Reaction:
C;-C4 KC:0,:N;»:Ar=0,95:1:3,76:0,95; Tp=873K; W=3150 ht
1-1%MoCrGa/NWC; 2-10% MoCrGa/ NWC; 3-5% MoCrGa/ NWC +ZSM-5+Al,(OH)3, NOs.
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Figure 3 - Influence of volume velocity on the yield of hydrogen in 1%MoCrGa/ NWC catalyst. Reaction: C;-C4
KC:0,:N,:Ar=0,95:1:3,76:0,95; Tp=823K
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The change in 1%MoCrGa/(NWC) of catalyst at 330-15000 h™' speed directly influence the reaction
product. The most suitable volume velocity is 3150 hr' for 1% MoCrGa/NWC catalyst for hydrogen
removal 70,0% (Figure 3).

A favorable composition of the process was studied by modifying the starting reactions. It has been
determined that by changing O, concentration in mixture 89,92 of % hydrogen is formed in
1%MoCrGa/NWC catalyst at a temperature of 873K at a range of 3,8-18,0 %; 71,4% of ethylene is
formed in 1% MoCrGa/NWC catalyst at 723K and 450 hr' of volume velocity, when the reaction mixture
18 C3-C4:05:Ny:Ar=5:1:4:5.

Results and discussion. According to the results of the above study, it was found out that the product
of the oxidation of propane-butane mixture in the molybdenum, chromium, gallium catalyst placed on the
natural white clay has a direct effect on the temperature, reaction mixture, contact time, catalyst
composition.

The phase composition and surface area of 1%MoCrGa/NWC catalyst were studied by x-ray
amorphous and Brunagoer Emmet-Taylor methods. It has been found that natural white clay is composed
of a-quartz, kaolinite and roentgenomorphic composition. In the reaction, the content of raw and
processed catalysts corresponds to the natural white clay diffractogram. Due to the dispersion of catalysts,
no structural elements corresponding to metals were found. The whole sample consists of a-quartz SiO,
x-ray amorphous. Cr,0s;, Cr;0; structures were observed only during 723K processing. However, the
structures corresponding to Ga, Mo are not found in all models. Also, if the surface area of 1%
MoCrGa/NWC catalyst is 14,51 my/g, hollow volume is 155,53 ml/g then the surface area of
1%MoCrGa/NWC catalyst is 16,80 m,/g, hollow volume is 303,61 ml/g grows.

According to the results of the electron microscope, the ring-shaped phases Mo03;0s5 and Moy 4,Co ss
consist of ring-shaped phases Cr;04, 0-Ga,03;, MosOg, 7-MoC in size of 10-20 nm containing the large
composition of accumulated thick particles, Ga and MoC mixture in the form of symmetrical reflexes in
size of 20 nm of individual particles, CrO, Ga,O;, MoO; and Mo,C of thick particle composition of a
small aggregate of 10-12nm, particle groups in size of 5-20 nm during the reaction processed at a
temperature of 723K on the surface of 1% MoCrGa/NWC catalyst.

In addition to the phase shrinkage, it was determined that the formation of Mo,C, y-MoC phases, as
well as the change of Mo®" to Mo’ " have a positive effect on the growth of hydrogen and ethylene outputs
generated during the dehydration of the propane-butane mixture.

Thus, it have been determined the favorable conditions to obtain the appropriate product: 71,4% of
ethylene is formed in 1% MoCrGa/NWC catalyst at 723K and 450 hr' of volume velocity, when the
reaction mixture is C3-C4:0,:Ny:Ar=5:1:4:5; 89,92 of % hydrogen is formed in 1%MoCrGa/NWC catalyst
at a temperature of 873K and 1350 h”' of volume velocity, when the reaction mixture is Cs-
C4:02:Ny:Ar=1:1:4:1. It was studied that oxidation, dehydration and cracking processes are carried out
during the research of polyoxide catalysts, which are supported in natural white clay.

Conclusion. Suggested in this research work catalytic reactions can be base for creation of industrial
C;-C4 mixture utilization process and for production of valuable oxygen-containing compounds.

Source of research funding. Initiative project "Conversion of hydrocarbon raw materials of
Kazakhstan" Department of Chemistry and Chemical Technology" of M.Kh.Dulaty Taraz State
University.
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IMPOITAH-BYTAH KOCIHTACBIHBIH CYTEI'T ’)KOHE CYTEKKY¥PAMJIAC
KOCBUIBICTAPTA KATAJIMTUKAJIBIK TOTBIFYbI

Annoranus. IlpomaH-OyTaH KOCIACBIH OTTEK KypaMAbl KOMIIO3HLUTTEPre ACWIH TOTBHIKTHIPY OOHWBIHIIA
3epTTeynep Kypri3ingi. TOTBIFY MPOIECiHIH OHTAMIBI TEMIEPaTypachl, PeaKIUsUIBIK KOCIIAaHBIH 0acTamKbl KOMIIO-
HEHTTEPiHIH KOX(PPHUIHUEHTTEpi, TACBIMAIIAFBIIITAFRl OelceHi (haza oHE KeNEeMIIK XbUITAMIBIK AHBIKTAIIBI.
DKCHEepUMEHTTIK Kar[aiiaapia 0acTanKkbel KOHE OHJENIeH KaTajlu3aTopiapiAblH (U3HKa-XUMHUSJIBIK 3epTTeyliepi
xyprizinmi. bencenni komnoneHTTiH KypambiH 1%-man 10%-Fa e3repTkeH Ke3le eH OHTaiibl Karamuzatop 1%
MoCrGa/TCB, notmxecinne cyteriniy 89,92%-anbinpl. KaranusaropablH KypambiH, OenceH i (a3aHblH Meie-
piH, peareHTTepAiH KaTbIHACBIH ©3repTy HoTxeciHne stuiieH 70%-ra neifin ansinFaH. CoHbIMEH Kartap, KeiOip
xarnainapaa CH;OH anbiHabl, OHBIH MakCUMalbl WIBIFBIHEI 22%, coHmai-ak 35% METHIATHIKETOH aJIbIHJbI.
Peakiis JKar[alibIHIa KaTanu3aTopbiy Getinze xana Cr,0s pasacsl (Cr'* xone Cr'” -ra Cr’' -Ke Keny), COHJaii-aK
oprypai BaneHtti Cr-meH Oipre Mo-¢a3zanapsl maiiga OonatbiHelH OM jxoHe P®DA 3eprreynepiHiH HoTHXeci
KOpCeTTi, KeNemeKTe (PU3NKaIbIK MaFbIHACHl MEH POITiH aHBIKTay Kepek.

Tyiiin ce3aep: KaTamu3aTop, IPOmaH-OyTaHIBl KOCIa, TAOUFH ca30alIIIbIK
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KATAJIMTUYECKOE OKMCJIEHUE IIPOITAH-BYTAHOBOI CMECH
HA BOJOPO/] 1 BOJOPOJCOJEPKAIIUX COEJUHEHUMI

AnHoTtanus. [IpoBeneHBl HCCIEIOBaHUS O OKHCIMTEIHFHOMY IPEBPALIEHHIO MPOIaH-OyTaHOBOW cMecH
BO3IyXOM B KHUCIOpOACOAEpKamue Kommo3uuuu. OmpeneneHsl ONTUMalbHBIE TEMIIEpaTypsl —IpoLecca,
COOTHOUICHHSI HMCXOJHBIX KOMIIOHEHTOB DPEaKIMOHHOW CMECH, COAEPXaHWs aKTHBHOW (a3pl Ha HOCHTENE U
00BeMHbIe ckOpocTH. [IpoBeneHbl HU3NKO-XMMHUYCCKHIE UCCICIOBAHUS KAaTaTU3aTOPOB UCXOTHBIX U 00pabOTaHHBIX
B YCJOBHUAX AKcHepuMeHTa. IIpu m3MeHeHuHM conep’kaHHMs aKTHBHOTO KoMmoHeHTa oT 1 mo 10% Ha Hocutene
YCTaHOBJICHO, YTO Haubosiee onTuManbHbiM siBisieTcss 1%MoCrGa/TT" karanu3zatop, Ha KOTOPOM IOJIyYeHO M0
89,92% Bomopona. B pe3ynbraTe BapbHpOBaHHS COCTaBa KaTaln3aTopa, CoJlepKaHUs aKTHBHOW (ha3bl, COOTHOLICHUS
pearupyrommx KOMIIOHEHTOB Obuto moiydeHo 1o 70% srtunena. Kpome Toro, B psine ciyuyae nomyyen CH3;OH,
MaKCUMaJIbHBII BBIXOJ KOTOPOro cocTasisieT 22%, a Takxe 10 35% mertuwnatuikeroHa. B pesynsrare OM u POA
WCCIIEOBAaHUH TOKa3aHO, YTO B PEAKIMOHHBIX YCIOBHSIX Ha MOBEPXHOCTH KaTalM3aTOpoB oOpasyercst HoBas (haza
Cr,0s (cootsercTyer nepexony Cr*' u Cr'* 8 Cr’"), a Taoke coBmMecTHbIe $assl Mo ¢ Cr B pasiHyHbIX BaNICHTHBIX
COCTOSTHHSIX, PU3UIECKUIT CMBICT M POJIb KOTOPBIX MIPEACTOUT ONPENEIIHUTH.
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