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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 cthylene was obtained. In addition, in some cases, CH;0H 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.
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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-C4:05: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:
C3-C4 KC:09:N»: Ar=0,95:1:3,76:0,95; Tp=873K; W=3150 't
1-1%MoCrGa/NWC; 2-10% MoCrGa/ NWC; 3-5% MoCrGa/ NWC +ZSM-5+Al1,(OH)s,.1NOs.
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Figure 3 - Influence of volume velocity on the yield of hydrogen in 1%MoCrGa/ NWC catalyst. Reaction: C5-Cy
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 cthylene is
formed in 1% MoCrGa/NWC catalyst at 723K and 450 hr' of volume velocity, when the reaction mixture
is C3-C4 0Ny 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 arca 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,0;, 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 my/g, hollow volume is 303,61 ml/g grows.

According to the results of the electron microscope, the ring-shaped phases Mo;0s and Moy 4,Co 55
consist of ring-shaped phases Cr;0.4, 0-Ga,0;, Mos0s, v-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,0;, MoQO; 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
cthylene is formed in 1% MoCrGa/NWC catalyst at 723K and 450 hr' of volume velocity, when the
reaction mixture is C3-C40,: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-
C4:0.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;-C, 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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MPONMAH-BYTAH KOCHHACBIHBIH CYTEI'T 7)KoHE CYTEKKYPAMJIAC
KOCBIJIBICTAPTA KATAJIUTUKAJIBIK TOTBITYbI

Annortamus.  [Iponman-OyTaH KOCTIACHIH OTTEK KYPaMIbl KOMIIO3HIHUTTEPIE ACHIH TOTHIKTHIPY OOMBIHIIA
3epTIeYyIep Kyprizinai. TOTBFY MPOUCCIHIH OHTAHIBI TCMICPATYPACHL, PCAKIHIBIK KOCIIAHBIH OAcTANKBI KOMIIO-
HCHTTCPiHIH KO3(P(PHUIHCHTTEPi, TACBIMATIAFBIIOTAFBI OCICCHAI (Dasa >KOHC KOJICMIIK JKBLIIAMIBIK AHBIKTAJIBL
OKCHEPHMEHTTIK JKargadnapra OacTamkbl >KOHEC OHJCITEH KaTaiM3aTOPIAPIBIH (DH3HKA-XHMIBIIBIK 3€pTTEyJIepi
skyprizinai. bencenni xommoneHTTIH KypambiH 1%-71an 10%-fa e3reprkeH Ke3Ae €H OHTaimbl Katamm3atop 1%
MoCrGa/TCB, motwxkecinae cyTerinie 89,92%-ampapl. Karammsaropabie KypambrH, OenceHal (Ja3aHbIH MeJIIe-
piH, pearcHTTEpAiH KATBIHACBIH 63repTy HOTIXKeciHAe 3tmineH 70%-ra neiiH amsiHraH. COHBIMEH Kartap, Keidip
sxkargaiimapaga CH;OH amerazsr, OHBIH MakCHMAamabl MBIFBIHBL 22%, coHmai-ak 35% METHIITHIKCTOH AJIBIHIIBL
Peaxuust >kaFaibIHAa KaTaTu3aTopabiH oerinae xana Cr-0s dasacs (Cr'' sxone Cr'' -ra Cr'' -ke Kermy), COHTaMN-aK
oprypai BajeHtti Cr-meH Gipre Mo-daszamapsr maiima O6onateibiH OM sxoHe POA 3eprreyniepiHiH HOTIKECI
KOPCETTi, KeJeneKTe (PU3MKAIBIK MAFBIHACK MCH POJIiH AHBIKTAY KEPEK.

Tyiiin ce3aep: KaTaTu3aTop, MPOMaH-0y TaHABI KOCIA, TAOHFH Ca30aITIIIbIK
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KATAJIMTHYECKOE OKHCJIEHUE IIPOIIAH-BY TAHOBOIi CMECH
HA BOJOPO/I 1 BOJOPOCOAEPKAIINX COEUHEHAI

Annotamusi. [IpoBeJeHBI HCCIECTOBAHWSA IO OKHCIMTEIFHOMY IIPEBPALICHUIO IPOMAH-OYTAHOBOH CMECH
BO3AYXOM B KHCIOpOACOACp/kamue Kommosunuu. OnpeneieHbl ONTHMAIBHBIE TEMIIEPaTypsl  IPOIECCa,
COOTHOUICHHUS HMCXOJHBIX KOMIIOHCHTOB DPCAaKIMOHHOW CMECH, COACPKaHMSI aKTHBHOW (Da3pl HA HOCHTENE H
00BeMHBIC CKOPOCTH. [TPOBCACHBI (PH3HKO-XHMHUCCKUC HCCIICIOBAHUA KATATH3aTOPOB UCXOTHBIX H 00PAOOTAHHBIX
B VCIIOBHAX 3KCIIEpPUMEHTA. [IpM HM3MEHEHHHM CONCPKaHUS aKTHBHOTO KoMmmoHeHTa oT 1 1o 10% Ha Hocurene
YCTaHOBJICHO, 4TO0 Hamboiee omTmMaabHbIM gBierca 1%MoCrGa/TT kaTammsaTop, HA KOTOPOM MOJIYYCHO 10
89,92% Bomopoaa. B pesynbraTe BaphHpOBaHHS COCTaBA KATATH3aTOPA, COACPKAHMS AKTHBHOX (Da3bl, COOTHOIICHUS
pearupyromux KOMIIOHEHTOB ObUI0 moiy4deHo 10 70% stmnena. Kpome Toro, B psize ciyuaes monyuen CH3;0H,
MAKCHMAJIBHBIH BBIXOJ KOTOPOTO cocTaBiier 22%, a tawke a0 35% mermmatmikerona. B pesymsrare OM u POA
HCCICAOBAHUN MOKA3aHO, YTO B PEAKIMOHHBIX YCIOBHIX HA MOBEPXHOCTH KAaTAIM3aTOPOB 00pasyercs HoBast (haza
Cr,0s (cootsercrayer mepexoay Cr' u Cr'' 8 Cr''), a Taxke coBMecTHbIC (a3sl Mo ¢ Cr B PasTHUHbIX BATCHTHBIX
COCTOSTHHSIX, (DM3HUECKUI CMBICI B POJIb KOTOPBIX IIPEACTOUT ONIPEACIHTS.

Kimo1ueBnbie c/1oBA: KaTaaM3aTop, MPONaH-0yTaHOBAsI CMECh, TPUPOIHAS TIIHHA
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