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LIQUEFIED PETROLEUM GAS AS RAW MATERIALS
FOR THE PRODUCTION OF LIQUID OXYGEN-CONTAINING
ORGANIC COMPOUNDS

Abstract. Studies on the air oxidative transformation of the propane-butane mixture to oxygen-containing
compositions have been carried out. The optimum temperatures of the process, as well as the ratios of the initial
components of the reaction mixture and the content of the active phase on the carrier and volumetric rates have been
determined. Physical and chemical studies of the initial and treated catalysts under experimental conditions were
carried out. When changing the content of the active component on the carrier from 1 to 10%, it was found that the
most optimal is the catalyst 5% MoCrGa/TC, on which up to 22% acetone was obtained. As a result of varying the
composition of the catalyst, the content of the active phase, the ratio of reactants, up to 35-40% of acetone was
obtained. In addition, in some cases, CH30H was obtained, with the maximum yield 22%, as well as 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
(corresponding to the Cr* “ and Cr’ " transition to Cr’ ") is formed on the catalyst surface, as well as joint phases of
Mo and Cr in various valence states, the physical meaning and role of which are to be determined.
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Introduction. Natural and petroleum gases are the most important alternative sources of raw
materials that can in the long run compete with oil. Of particular relevance for countries rich in this type of
raw material is the problem of the rational use of alkanes in their composition [1-5]. Kazakhstan has
significant oil and gas reserves. Unfortunately, there is currently no industrial organic synthesis based on
alkanes in Kazakhstan, with the exception of gas processing plant in Zhanauzen, the nitrogen-fertilizer
plant in Atyrau (which uses the low-profitable process of steam reforming of methane into synthesis gas)
and cthylene production in Aktau (by non-catalytic pyrolysis of ethane with the addition of other
hydrocarbons and petroleum fractions). Kazakhstan is entering a new era in hydrocarbon processing. Gas
processing is the most promising direction of petrochemistry is. This sphere will help Kazakhstan to
integrate faster in the world market. The partial oxidation of liquefied petroleum gas to ketones and
aldehydes is relevant from the of ecological and economical point of view, since about 100 billion cubic
meters of associated petroleum gas are burned annuallyand pollutant emissions to the atmosphere amount
to thousands of tons [6-11]. The combustion process due to oxygen consumption and heat release
contributes to the greenhouse effect. In addition, the economy is suffering losses due to the combustion of
far from cheap petroleum gas, especially if we consider that it would be possible to get petrochemical
products from the liquefied petroleum gas which are much more expensive than the original product.

A large number of studies have been carried out on the oxidation of propane and butane to
unsaturated aldehydes and acids /12-16/, but there are few works on the production of ketones /17-20/.
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Methods. This paper presents the results of oxidative transformation study of liquefied petroleum gas
(propane-butane mixture) by air into oxygen-containing compositions in reaction mixtures with a propane-
butane content 14- 80% and oxygen 4-18% at T = 300-600 °C and W=330-15000h"". Polyoxide catalysts
of different composition, containing 1-10% Mo, Ga, Cr in various proportions, deposited on natural Torgai
clay (TC), having the structure of kaolinite (in some cases with the addition of hematite and o-quartz)
were tested. Automated analysis of initial materials and reaction products were carried out on Agilent
Technologies 6890N chromatograph. Physical and chemical studies of the initial and treated catalysts
under experimental conditions (XRD, EM, elemental analysis, determination of acidity) were carried out
[9-10].

It is established that the main reaction products are acetone, methanol, acetaldehyde, methyl ethyl
ketone (MEK). The optimum process temperature is 350-400 °C. C,H,, H,, CO, and CO, were detected in
the reaction products when temperature increased. It was shown that the yield of oxygen-containing
products on catalysts pretreated with 10% HCl exceeds similar yields on untreated catalysts. Acid
treatment of sorbents contributed to the development of the surface and an increase in the pore radius,
which led to an increase in oxygen-containing compounds in catalyzate [8-9]. Varying the reaction
conditions on a number of catalysts (two-component - CrGa/TC and three-component - MoCrGa/TC)
leads to a change in the content of the active phase and has a significant impact on the yield of the main
products. When varying the content of the active component on the carrier from 1 to 10%, it was shown
that the most optimal was 5% MoCrGa/TG catalyst, on which up to 22% acetone was obtained, the three-
component catalyst being more active than the two-component catalyst (Figure 1).
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Figure 1 - The effect of active phase content of the catalysts on the yield of acetone and acetaldehyde.

Tests of the above catalysts at space velocities from 330 to 15000 h™ showed that for the synthesis of
acetaldehyde and acetone on the 1% CrGa / TC catalyst, the optimal rate is W = 1200 h™, and for the 5%
CrGa/TC catalyst - 9000 h' for acetaldehyde and 330h™ for acetone (acetone yield is 32%), Figure 2 and
3. Optimal space velocities were also determined for three-component MoCrGa/TC catalysts with
different content of the active phase on the carrier. At W=1350 h™" | up to 23% of acetone and 35% of
methyl ethyl ketone on 5% MoCrGa/TC were produced, whereas 22% of acetone on 5% MoCrGa/TC
catalysts was produced.
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Figure 2 - The effect of space velocities on the yield of acetaldehyde
on 1% -, 5% - and 10% CrGa/TC catalyst at 400 °C
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Figure 3 -The effect of space velocities on the yield of acetone
on 1% -, 5% - and 10% CrGa/TC catalyst at 400 °C

Studies on variation of the initial components ratio in the reaction mixture allowed to determine the
most optimal compositions for the process implementation. By varying the concentration of O2 from 3.8
to 8.4% in the mixture, it was shown that when the content of O, is 5.3% and the propane-butane mixture
is ~ 60-66%, the yield of acetone is 23% and methanol is 22%. When the content of the propane-butane
mixture is 33-36% with the same O, content, 31% acetone and 35% MEK are obtained. By varying the
composition of the catalyst, the content of the active phase, the ratio of reactants up to 31% acetone and
35% MEK were produced. In addition, in some cases CH;OH was produced with the maximum yield
22%.

The microstructure and morphology of the catalysts were determined by X-ray phase analysis and
electronic microscopy (EM) [14].

Results and discussion. The experiment was carried out on the electron microscope EM-125K by
single-stage coal replicas method with extraction, using microdiffraction, as well as the method of survey
through the lumen (suspension preparations). The survey was carried out at different magnifications
depending on the particle size []. The carrier was dissolved in concentrated HF. The X-ray phase analysis
was performed on a DRON-4-07 X-ray diffractometer. EM method provides observation of electron
diffraction on individual crystals and accumulation of particulate matter, while the XRD method gives the
total diffractogram of all phases [8-9].
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In addition, for the manifestation of the phase in XRD it must have a large enough size. Therefore,
many phases detected by EM method may not be observed in X-ray phase analysis, but this does not mean
their absence in the catalyst.

For microdiffraction in electron microscopy, the transparency of the material for the electron beam is
important. Sometimes well crystallized phases stably observed in XRD may be not transparent to the EM.

Both methods complement each other and provide a more complete picture of the catalyst changes
under the influence of the environment.

The presence of a large number of insoluble components that make it difficult to decipher the
deposited phases is characteristic of the carrier (Torgai clay). For the original clay sample MoCrGa / Torg.
large particles and aggregates of large dense particles are characteristic, the microdiffraction pattern of
which is represented by individual rare reflexes attributed to Cr203 (JCPDS, 6-508) and CrO (JCPDS, 6-
532), as well as translucent particles of lamellar type, the microdiffraction image from which reflexes,
located on the hexagonal motif, referred to CrMoO4 (JCPDS, 34-474).

The phase related to Ga, were not detected. Mo-containing phase is characterized by dense large
crystals of 500-1000 A with signs of a rectangular motif of cut, corresponding to Mo4011 (JCPDS, 13-
142). For the Cr-containing phase, large semitransparent lamellar particles a-Cr203 (JCPDS, 6-503),
small clusters made up of dispersed particles ~ 30 Ain size, referred to Cr205 (JCPDS, 36-1329),
aggregates of translucent particles with minimal size 200-400A and larger, characteristic for CrO2
(JCPDS, 9-332), a cluster of translucent lamellar particles Cr5012 (JCPDS, 18-390) 300-600 A in size
with a rectangular cut motif.

Furthermore, we detected small clusters characteristic for joint phases consisting of particle 30-5 0A in
size and large plate-type particles. Microdiffraction is represented by a mixture of rings and individual
reflexes. The rings correspond to the phase of disperse particles CrMoO4 (JCPDS, 29-452), and large
plate crystals correspond to Cr2MoO6 (JCPDS, 33-401). Ga-containing phase is characterized by different
phases of Ga oxidation up to the metal phase: a-Ga203 (JCPDS, 6-503), ¢-Ga203 (JCPDS, 20-426), e-
Ga203 (JCPDS, 6-509) mixed with Ga (JCPDS, 31-539), Ga (JCPDS, 25-345).

Comparison with the EM pictures of the initial samples of catalysts allowed to state that as a result of
their treatment under the reaction conditions, a new Cr2035 phase appears, corresponding to the Cr2 + and
Cr3 + transition to Cr5 +, as well as the combined Mo- Cr phases in different valence states, the physical
meaning and role of which are to be determined

Conclusion. Source of research funding. Initiative project "Conversion of hydrocarbon raw materials
of Kazakhstana" Department of «Chemistry and Chemical Technology" of M Kh.Dulaty Taraz State
University.
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CBIFBLIFAH MYHAM T'A3BI - CYHBITBLIFAH OTTEKKYPAMJIAC OPTAHUKAJIBIK
KOCBIJIBICTAP OHAIPICI YIIIH HINKI3AT PETIHJAE

Annortamust. [Ipoman-OyTaH KOCTIACHIHBIH KYPAMBIHAA OTTErl Oap OPTaHHWKANBIK KOCHUIBICTAPFA KATAIHTH-
KAJIBIK TOTBIFYBI OOMBIHINA 3ePTTCYICp Kyprisinmi. CoHmaii-ak YpAiCTiH ONTHMAIBAI TCXHOJIOTHAIBIK TCMICPATy pa-
Jape1, 0ACTAMKBI KOMIOHCHTTEPAIH IKOHCTACHIMAIAFBIINTHIH OCICCHAI (pa3a KYpaMbl KOHCKOICMIIK JKbLITAMIBIK-
Tapsl AHBIKTATIABL. bBacTamkpl >KOHC PCAKIMATAH KCHIHTI (OHACATCH) KaTamH3aTOpiapra (PH3HKA-XHMHSIBIK
3CPTTCYIICP KYPTi3iami. 3ePTTEyACP HOTHKCCI OOMBIHIIA TACHIMAIIAFBIIOTAFBI OCIICCHII KOMIOHCHTTEPAIH KYPAMBIH
1% -man 10% neiiin e3repry HoTIOKeCiHAC ¢H THiMai katammsaTop 5% MoCrGa / TCB ekeni ansikramsim, 22%
areToH anblHABL Karamm3atopablH JKOHE TACHIMANIAFBIUTAFBI OCICEHMl 3aTTAPABIH KYPAMbIH, OPEKETTECYI
PCATCHTTEPAIH, KATBIHACKIH 63TePTY HOTIKeCiHae 35-40% nciiin aneroHamsrHABL. COHBIMCH KaTtap, KCHOip Karmai-
napra CH;OH makcumamapt 22% mbIFBIMEL skoHE 35% METHIITHIIKETOH anblHABL. OM sxone POA 3eprreynepiuin
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HOTIDKCCIHIC PCaKIMs >KAFmaibIHaa KaTaamaTopasiH Oetinae sxana Cr-Os dasacer (Cr' sxome Cr'* -ra Cr'' -re
KeIIy), COHAAH-aK OPTYPII BAICHTTIK Kyiuepaeri Mo skoHe Cr OipikkeH (haszamapsl makiaa 00IaTEIHBI AHBIKTAJIIBL
Tyiiin ce3aep: TaOury ca30AMIIBIK, ALETOH, .
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CXKHMKEHHBIA HE@TAHOI I'A3 KAK CBIPBE IS IPOU3BOACTBA KHAKHX
KHCJIOPOJICOJEPKAIIINX OPTAHNMUYECKHAX COEIMHEHUIA

Annoramust. [IpoBeIeHBl HCCICIOBAHHSA MO OKHCIHTCIBHOMY NPEBPALICHHIO MPOMAH-OyTAHOBOH CMECH B
KHCIOPOACOACPKAIIME KOMIOHCHTBLA TAKOKS ONMPEACNICHBl ONTHMAJBHBIC TCMIICPATYPBI, MPOMOPLIHH HCXOTHBIX
KOMIIOHCHTOB, COACPKAHHEC AKTHBHOM (passl HOCHTENS H OOBEMHBIC CKOPOCTH Mpouecca. beim npoBeaeHs! (PH3HKO-
XHMHUYCCKHE HCCICAOBAHHA HCXOAHBIX W OOpabOTAHHBIX KATAMH3ATOPOB B YCIOBHAX 3KCIHECPHMEHTA. BBITO
00HAPYIKCHO, UTO TPH U3MCHCHHH COACP/KAHMC AKTHBHBIX (a3 B Hocurenae ot 1 10 10%, mHambomee 3((eKTHBHBIM
KartammzaropoM  saBaerca 5% MoCrGa/TT, mpm xotopom Obpi0 momyucHo 22% ameroHa. B pesymbsrare
BAPBHPOBAHHS COCTABA KATAIU3ATOPA, COACP)KAHHA AKTHBHOH (Da3bl, COOTHOIICHHS PEATCHTOB, OBLIO MOJYYCHO J0
35-40% auerona. Kpome Toro, B HEKOTOPBIX ciay4asx Obum nomyueHsl CH3;OH ¢ MakcnManbHbsIM BeIxomoM 22%, a
Takxe 35% mernmTuiakerona. B pesymbrare uccrenoBanuii OM u POA ObIIO MOKA3aHO, YTO B YCIOBHIAX PEAKLMA
HA MOBEPXHOCTH KaTamm3aropa obpasyercs HoBas dasa Cr,Os (cootsercTByromas nepexoay Cr- m Cr'” B Cr''), a
TaKoke COBMECTHBIE (passl Mo u Cr B pa3HBIX BAJICHTHBIX COCTOSHHAX, (DH3HYCCKHI CMBICT H PO KOTOPHIX JOJKHBI
OBITH OMIPCACIICHEL.

KaroueBsie cioBa: IpHPOIHAS TIHHA, ALICTOH.

Information about authors:

Massalimova Bakytgul Kabykenovna — candidate of chemical sciences, associated professor, manager of the department of
“Chemistry and chemical technology”, M.Kh. Dulaty Taraz state university, e-mail: massalimovalS@mail.ru ORCID ID
https://orcid.org/0000-0003-0135-9712;

Altynbekova Dinara Tansykovna - PhD student of 6D060600- Chemistry of the department of “Chemistry and chemical
technology”, M.Kh. Dulaty Taraz State University, e-mail: altynbekova.1985@inbox.ru;

Jetpisbayeva Gulim Danebaevna - PhD student of 6D060600- Chemistry of the department of “Chemistry and chemical
technology”, M.Kh. Dulaty Taraz State University, e-mail: gulim_86@mail.ru;

Naurzkulova Symbat Muratbekovna- PhD student of 6D060600- Chemistry of the department of “Chemistry and chemical
technology”, M.Kh. Dulaty Taraz State University, e-mail: simbat_3@mail.ru,

Bakytzhan Elbira Esengalikyzy — master student of the department of “Chemistry and chemical technology”, M.Kh. Dulaty
Taraz State University. e-mail: ataqojaeva_aigul@tarmpu.kz;

Sapi Aruzhan Kanatkyzy — 2™ year student of the department of “Chemistry and chemical technology””, M.Kh. Dulaty Taraz
state university. e-mail: sapievaaas@mail.ru;

Sadykov Vladislav Aleksandrovich - doctor of chemical sciences, professor, Novosibirsk State University, Institute of
Catalysis named after G.Boreskov. E-mail: sadvkov(@catalysis.ru

REFERENCES

[1] X.Li, J.Zhao, W.Ji, Zh.Zhang, Y.Chen et. al. (2006) Effect of vanadium substitution in the cesium salt of Keggin-type
heteropolyacids on propane partial oxidation. J. Catal. .237:58-66.

[2] J.Xu, B.L.Mojet, J.G.Ommen, and L.Lefferts. (2005) Effect of Bronsted acidity in the mechanism of selective oxidation
of propane to acetone on CaY zeolite at room temperature. J. Catal. 232:411-423.

[3] Zakarina N, Volkova L, Kim A, Akulova G, Chanysheva I, Latypov I, Grigorieva V. (2010) Industry of Kazakhstan, 6
:83-85.

[4] Tungatarova S.A., Xanthopoulou G., Kaumenova G.N., Zhumabek M., Baizhumanova T.S., Grigorieva V.P., Komashko
L.V., Begimova G.U. (2018) Development of composite materials by combustion synthesis method for catalytic reforming of
methane to synthesis gas. N E W sof the national academy of sciences of the republic of kazakhstan serieschemistry and
technology ISSN 2224-5286 https://doi.org/10.32014/2018.2518-1491.20 Volume 6, Number 432 (2018), 6 — 15. (in Eng).

— ) ——




ISSN 2224-5286 3.2019

[5] Baizhumanova T.S., Tungatarova S.A., Xanthopoulou G., Zheksenbaeva Z.T., Kaumenova G.N., Erkibacva MK.,
Zhumabek M., Kassymkan K. (2018) Catalytic conversion of methane into olefins. N E W sof the national academy of sciences of
the republic of kazakhstan serieschemistry and technology ISSN 2224-5286 https://doi.org/10.32014/2018.2518-1491.17 Volume
5, Number 431 (2018), 132 — 138542.973.7, 547.211. (in Eng).

[6] N.A. Zakarina, N.A. Kornaukhova, R. Toktassyn. (2019) Pt- and Pd-catalysts on modified kaolinites in the reaction of n-
hexane isomerization. N E W S of the national academy of sciences of the republic of kazakhstan series chemistry and
technology. ISSN 2224-5286. https://doi.org/10.32014/2019.2518-1491.7. Volume 1, Number 433 (2019), 47 — 56. (in Eng).

[7] AXK. Bayeshova , S.Molaigan , A.B. Bayeshov (2018) Hydrogen energetics current state and hydrogen production
methods. N E W S of the national academy of sciences of the republic of kazakhstan series chemistry and technology. Ne 5. 2018
107 ISSN 2224-5286 https://doi.org/10.32014/2018.2518-1491.14. Volume 5, Number 431. P.107 — 116. (in Eng).

[8] Dosumov K, Tungatarova SA, Kuzembaev KK, Masalimova BK (2005) Oxidative C3-C4 hydrocarbon conversion to
olefins and oxygen-containing compounds in the presence of molybdenum and tungsten polyoxometalates, Petroleum Chemistry,
45:261-263. (in Eng).

[9] Massalimova B.K. (2019) Partial oxidation C3-C4 hydrocarbons. Kazakhstan. ISBN 978-601-7300-69-2. (in Kaz).

[10] Massalimova B.K. (2019) Partial oxidation C3-C4 hydrocarbons. Kazakhstan. ISBN 978-601-7300-69-2.

[11] Tungatarova S.A., Xanthopoulou G., Kaumenova G.N., Zhumabek M., Baizhumanova T.S., Grigorieva V.P.,
Komashko L.V., Begimova G.U. (2018) Development of composite materials by combustion synthesis method for catalytic
reforming of methane to synthesis gas. News of the NAS RK. Series chemistry and technology 432:6-15.
https://doi.org/10.32014/2018.2518-1491.20 (in Eng)

[12] Baizhumanova T.S., Tungatarova S.A., Xanthopoulou G., Zheksenbaeva Z.T., Kaumenova G.N., Erkibaeva M.K.,
Zhumabek M., Kassymkan K. (2018) Catalytic conversion of methane into olefins News of the NAS RK. Series chemistry and
technology 431:132 — 138542.973.7; 547.211. https://doi.org/10.32014/2018.2518-1491.17 (in Eng)

[13] Dosumov K., Tungatarova S.A., Kuzembaev K. K., Masalimova B.K. (2005) Oxidative C3-C4 hydrocarbon conversion
to olefins and oxygen-containing compounds in the presence of molybdenum and tungsten polyoxometalates, Petroleum
Chemistry, 45:261-263. (in Eng).

[14] Massalimova B.K. (2016) Oxidative conversion of C3-C4 hydrocarbons over polycomponent oxide
catalysts. XII International Conference on Reactors CHEMREACTOR-22, London, UK. PP.51. (In Eng.).

[15] Arutyunov V.S., Strekova L.N. and Nikitin A.V. (2013). Partial Oxidation of Light Alkanes as a Base of New
Generation of Gas Chemical Processes. Eurasian Chemico-Technological Journall5 (2013) 265-273.

[16] Zakarina N, Volkova L, Kim A, Akulova G, Chanysheva I, Latypov I, Grigorieva V. (2010) Industry of Kazakhstan, 6
:83-85.

[17] Tungatarova S.A, Xanthopoulou G, Kaumenova G.N, Zhumabek M, Baizhumanova T.S, Grigorieva V.P, Komashko
L.V, Begimova G.U (2018) Development of composite materials by combustion synthesis method for catalytic reforming of
methane to synthesis gas. News of the NAS RK. Series chemistry and technology, 432:6-15. https://doi.org/10.32014/2018.2518-
1491.20 (in Eng).

[18] Baizhumanova T.S, Tungatarova S.A, Xanthopoulou G, Zheksenbaeva 7.T, Kaumenova G.N, Erkibaeva MK,
Zhumabek M, Kassymkan K (2018) Catalytic conversion of methane into olefins. News of the NAS RK. Series chemistry and
technology, 431:132— 138542.973.7; 547.211. https://doi.org/10.32014/2018.2518-1491.17 (in Eng).

[19] Zakarina N.A, Kormaukhova N.A, Toktassyn R (2019) Pt- and Pd-catalysts on modified kaolinites in the reaction of n-
hexane isomerization. News of the NAS RK. Series chemistry and technology, 433:47-56. https://doi.org/10.32014/2019.2518-
1491.7 (in Eng).

[20] Bayeshova A.K, Molaigan S, Bayeshov A.B (2018) Hydrogen energetics current state and hydrogen production
methods. News of the NAS RK. Series chemistry and technology, 431:107-116. https://doi.org/10.32014/2018.2518-1491.14 (in
Eng).




