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LOW-PERCENTAGE Co/CLAY CATALYSTS IN THE PROCESS OF
OXIDATIVE CONVERSION OF C3-C4 SATURATED HYDROCARBONS

Abstract. Oxidative conversion of C3;-C, hydrocarbons by air to oxygen-containing compounds at T = 400-
550°C and space velocity of 7500 h', 9000h™ on monoxide catalysts containing 1-, 3-, 5% Co supported on natural
red clays was studied. The reaction temperature, contact time, change in the space velocity in the process of partial
oxidation of C;-C4 hydrocarbons have been studied.

Acid treatment of the sorbents contributed to the development of the surface area and the enlargement of pore
radius, which led to an increase of oxygen-containing compounds in the final product. The SiO,/Al,O; ratio (silica
modulus) was increased after acid treatment too.

Key words: catalysts, hydrocarbons, natural clay.

Introduction. The rational use of hydrocarbons and environmental protection are of the most
important goals of the fuel and energy complex. Incineration of associated gas is a national problem which
leads to environmental and economic damage of our country [1-3]. When burning gas without maintaining
the optimal mode of combustion, about 250 harmful chemicals are released into the atmosphere, namely,
non-combustible hydrocarbons; oxides of carbon, nitrogen and sulfur; hydrogen sulfide, heavy metals
(mercury, chromium), arsenic compounds, aromatic hydrocarbons, including polycyclic compounds [3-5].

These substances pollute the atmosphere, water and soil. Associated gas can be used as a fuel for
power generation, as well as hydrocarbons for the production of petrochemical products as a raw material.
Efficient use of hydrocarbon resources is one of the most relevant sectors of the oil and gas industry.
Associated gas as an unconventional source of hydrocarbons is still not used effectively [5-7].

In recent years, many researchers and manufactures have been interested in the technological
processes of converting natural gas into liquid chemicals. Natural gas is a perspective energy source for
the needs of mankind in the energy and hydrocarbon raw materials for over hundred years. About 5% of
world natural gas is still used as a motor fuel or raw material for petrochemical production. Petrochemical
natural gases C,-C4 and natural gas are underutilized [1-5].

Methods. Today, about 80-85% of the various processes occurring in the chemical, petrochemical,
and oil refining industries are implemented with the participation of the catalysts. The temperature impact
on the process of partial oxidation of the propane-butane gas mixture is discussed. The experiments were
carried out at atmospheric pressure in a continuous-flow unit with a fixed-bed quartz-tube reactor [7].

To conduct the experiment, the catalysts with different Co content supported on the natural red clay
were used. The experiment were carried out at a temperature of 400°C-550°C with a change of space
velocity of 7500 h™', 9000 h™.

The natural red clay was used as a carrier. Catalysts with 1 -, 3 -, 5% of cobalt supported on the
natural red clay (NRC) were produced. The carrier was pretreated with 4 different methods: adjustment of
active phase at constant atmospheric pressure in different temperature ranges.

— §f —
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In the case of partial oxidation of C3-C4 hydrocarbons initial and final gaseous products C,Hy, Hy,
CO, CH,4, CO, as well as liquid organic substances were detected by the chromatographic method.

Partial oxidation of C3-C4 hydrocarbons was carried out on 1% Co/NRC catalyst, at atmospheric
pressure, under the following conditions: C3-C4=33.33%; O,=7.0%; N,=26.34%: Ar=33.33%; space
velocity of 7500h™.

When the temperature rises to 300-350°C, liquid organic compound is not formed. In the gas phase,
only traces of C,Hy4, Hy, CO, CH,4 and CO, are observed.

With gradual increase of temperature to 400°C the following products formed on catalyst are
preferably formed: acetaldehyde, 26.6%; acetone - 23.0%; methanol - 20.7%. Aromatic compounds and
carboxylic acids are not fully formed. When the reaction temperature reaches 500°C, the reaction
selectivity for acetaldehyde and acetone gradually decreases and the selectivity for methanol reaches
41.8%. The conversion of propane is 9.8%, the conversion of butane is 25.4%.

At this temperature, it can be seen that the selectivity for acetaldehyde and methanol gradually
increases, and the selectivity for ketone decreases. Conversion of gases contained in compressed
petroleum gas at 450°C was equal to: C;Hg=7.4%; C4H;(=25.4%. Table 1 demonstrates the conversion
increase of the propane-butane gas mixture in the following sequence: C;Hs=4.6-10.2%; C4H0=17.3-
30.0%. With the gradual increase of temperature in the gas-phase product the number of components
C,Hy, Hy, CO, CH,4 and CO;, increases (table 1).

Table 1 - The effect of temperature on the yield of products
in the liquid phase resulting from the partial oxidation
of C3-C4 hydrocarbons. State of the reaction: C3-C,:0,:N,=7:1:4; W=7500h"". Catalyst 1Co/ NRC

Selectivity, %
V, %
T, °C CsHy/
CHio | o < B
E G = 3 3 g
g 0 E = |2 |2|% |=|§ S s | g
T |5 |E | |2 g |ElElgElz |g |z |2
3 Q k5] = = 5 o ° = \ 3 13) o
< g g = © © gl & 5 | = < < ~
400 4,6 26,6 23,0 20,7 21,0 6,4 0 0 1,1 0 0 0,7 0 0
17,3
450 74 260 | 226 | 258 | 187 | 50| 0 |0 | 1,0 ] 0 0 0,7 0 0
21,5
500 9,8 18,0 16,0 41,8 21,0 32 0 0 0 0 0 0 0 0
25,4
550 10,2 11,2 27,8 22,8 27,1 43 1,7 0 3,6 0 0 0,8 0 0
30,0

The NRC carrier used in the experiment was analyzed by physical and chemical methods: BET,
elemental analysis.

The main factor determining the catalytic properties is the chemical composition. However, even
while maintaining the chemical composition, the catalytic characteristics of the catalysts, depending on the
state and method of preparation, undergo changes in surface area as a result of dispersion, porous
structure, nature of the interaction of the constituent parts of the catalyst and crystal chemical changes,
which ultimately significantly affects the passage of catalytic reactions [7].

The catalytic system 1, 3-, 5% Co/NRC for the reaction of partial oxidation of C3-C4 hydrocarbons
was studied. The content of the products formed as a result of partial oxidation reaction carried out in
stable state in the temperature diapason of 400°C-550°C on the NRC and other catalytic systems is given
in table 2.

According to table 2, the oxidation product obtained on 3% Co/NRC contains acetaldehyde, acetone,
methanol, MEK, benzene, crotonaldehyde, propanol, and acetic acid, which were determined by
chromatography.
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Table 2 - The influence of the contact time of hydrocarbons C3-C4 on the flow of products formed in the process of partial
oxidation. State of the reaction: C3-C4=33,3%; 0,=7,0%; N,=26.4%; Ar=33.3%7. 3%Co/ NRC; V=2cm’

W, t,c | T,°C V, %
h! C;Hy/ yield , %
CHg aldehyde ketone alcohols Carboxylic acid Gas
phase
9000 0,4 500 26,6 29,2 5,4 9,0 0 12,0
48,3
550 40,0 21,4 8,0 6,6 0 19,6
58,7
7500 0,5 500 32,3 32,0 19,8 14,1 1,3 20,8
55,7
550 41,8 34.4 20,3 142 3.1 35,6
82,5

The experiment on 3% Co/NRC catalyst, was conducted at atmospheric pressure, at temperatures of
500-550 °C, at a space velocity of 7500 h™', 9000 h''. As it is shown in table 2, 29.2% of aldehyde, 5.4% of
ketone and 9.0% of alcohols are formed in the process of liquid catalysis at a temperature of 500 °C on 3%
Co/NRC catalyst. The conversion of propane is 26.6%, and the conversion of butane - 48.3%. When the
temperature exceeds 550°C, the content of acetaldehyde in the catalyst decreases to 21.4%. In the ranges
of these temperatures, the yield of ketone increase to 8.0%. The formation of ketone is increased by 34.4%
at a temperature of 600°C at space velocity of 7500 h™'. Carboxylic acids are not formed at temperatures of
500°C-550°C at space velocity of 9000 h™', but at space velocity of 7500 h™" at this temperature interval
1.3-3.1% of Carboxylic acids are formed. In the gas phase, ethylene and hydrogen yield is 10-19% (table 2).

Results and discussion. During partial oxidation of C3-C4 the hydrocarbons were processed with
cobalt catalysts. The catalysts were investigated by physicochemical methods: X-ray diffraction, BET,
elemental analysis.

The phase composition of the catalyst was determined on X-ray diffractometer DROH-4 -07.
Comparison of refractometric reflexes was performed using powder paper (standard JCPDS). Natural red
clay is X-ray morphic mineral (4.20°) consisting of -a-quartz / 3.33; 2.28 / (JCPDS 5-490) - and kaolinite
(JCPDS 29-1488). The diffractogram of the initial catalysts 1,3-, 5% Co/NRC correspond to the clay.
Since it is dispersed, due to different doses of metal, the structural elements are not detected.

The determination of the specific surface area and porosity of solids is based on the determination of
isothermal adsorption of gas phase molecules on the surface. The adsorption isotherm takes shape on the
dependance of the number of adsorbed molecules on pressure at moderate temperatures.

The textural and adsorption characteristics of the catalyst were measured by the American
“micrometritics Accusorb” using the BET method for low-temperature nitrogen adsorption.

Table 3 - The surface area of the catalyst, the volume of porosity and changes in the main volume

Ne results
Catalyst Surface, m/g Pore volume Viucr, (ml)=
composition V ADSmax.M1/g V apsmax ' K(0,001558)
1 NRC 15,39 221,69 0,345
2 1%Co/ NRC 29,90 221,74 0,345
3 3%Co/ NRC 51,35 467,63 0,729
4 5%Co/ NRC 58,12 328,19 0,511

The catalysts shown in table 3 also have different porosity volumes. The porous volume of NRC is
221.69 ml/g; 1% Co/NRC - 221.74 ml/g; 3% Co/NRC - 467.63 ml/g; 5% Co/NRC- 328.19 ml/g. The main
volume of catalysts is as follows: the pore volume of the NRC is 0.345 ml; 1% Co/ NRC - 0.345 ml; 5%
Co/ NRC - 0.729 ml; 5% Co/NRC - 0.511 ml.

It has been shown that the surface area of the catalyst and the porosity affect the selectivity of
hydrocarbons in the liquid and gas phase resulting from the partial oxidation of hydrocarbons. Natural red
clay was treated in four different ways. Elemental analysis of 1-, 3-, 5% catalysts which were used as

— § —
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catalysts for the oxidation process was performed using an Agilent 4200 atomic emission spectrometer.
The catalysts were investigated on the Australian apparatus Agilent 4200 MP-AES which is located in
Taraz State University named after M.Kh. Dulati at the Department of Chemistry and Chemical
Technology. In the new spectrometer, the electromagnetic microwave field excites plasma in nitrogen,
which is generated from the air. The concentration of the analyte was determined by the AES method. All
measurements were performed using an Agilent 4200 MP-AES equipped with an Agilent 4107 nitrogen
generator. The sample introduction system consisted of a two-pass cyclone spray chamber, OneNeb
sprayer, Solvaflex pump tube (orange / green) and an Easy-fit burner for sample introduction. Used multi-
element calibration standards containing elements with a concentration of 50 mg L. The standard was
prepared in an environment of 5% HNO; / 0.2% HF (v / v).

Table 4 - Results of elemental carrier analysis

elements NRC 1Co/ NRC 3%Co/ NRC 5%Co/ NRC
% % % %
Sr 0.0005 0.0005 0.0005 0.0004
Ce 0.003 0.002 0.003
Zn 0.002 0.002 0.002 0.0015
Cu 0.001 0.004 0.002 0.002
Sn 0.0003 0.0003 0.0003 0.0003
Mo 0.00015 0.00015 0.00015 0.00015
Ba 0.003 0.0033 0.0025 0.0025
Ni 0.008 0.005 0.01 0.01
Mn 0.015 0.015 0.015 0.015
\Y 06 >1 06 06
Tl 0.0015 0.0025 0.0025 0.0025
Pb 0.006 0.01 0.008 0.01
Cr 0.000005 0.000008 0.000005 0.000005
Ag 0.03 0.03 0.02 0.03
Nb 0.0015 0.0015 0.0010 0.001
Be 0.00015 0.00015 0.00015 0.00015
Ge 3 6 9 12
Bi 0.0001 0.0001 0.0001 0.0001
Ga 0.00008 0.0008 0.0008 0.0008
P - - 0.003 -
CaO <01 <01 <01 <01
MgO 01 015 <01 <01
Fe,0; 21 15 20 19
AlO; 45 47 48 42
Na,O 015 <01 015 02
Kzo - - - -
SiO, 25 30 25 30

According to elemental analysis, all the elements in table 4 are common in the catalyst used, but the
difference lies in the amount of these elements. Also, the main distinguishing feature is the change in the
content of oxides in the composition of the carrier. For example, oxide of 3 valence iron is up to 21% of
NRC, 1% Co/NRC - 15%, 3% Co/NRC - 20% and 5% Co/NRC - 19%. Al,O; ranges from 42 to 48% in
all catalysts. And in the composition of all catalysts 25-30% of SiO, was found.

Conclusion. For the development of the petrochemical industry, Kazakhstan has large reserves of
hydrocarbon raw materials - natural and associated gases, oil and products of its processing, as well as oil
bituminous rocks. The main deposits are developed in the western regions of Kazakhstan. According to
the forecast geological exploration data, hydrocarbon reserves in the northern, central and eastern regions
are insignificant [6-7].

To ensure the processing of natural resources of hydrocarbon raw materials in the republic, an
important issue is the creation of petrochemical complex for the final stages of processing hydrocarbon
raw materials to marketable products via the modernization of the existing capacities of oil refining
industries to obtain basic products for the oil and gas industry.

— Q —
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The process of partial oxidation of hydrocarbons C;-C4 was carried out on catalytic systems 1-, 3-, 5%
Co/NRC supported on the NRC.

The influence of temperature, space velocity (750 and 7500 h™), the effect of the active phase dose
were tested, the optimal ways to conduct the C;-C4 hydrocarbon partial oxidation process (300°C-600°C)
and to obtain the reaction products were determined for the catalytic systems studied.

In the process of oxidation of hydrocarbons C;-C,, the following results were obtained:

1) The oxidation process of C;-C4 hydrocarbons occurs in a mild state at atmospheric pressure.

2) At 1% Co/NRC catalyst at a ratio of 500°C, C;-C4 HC: O,: Ny: Ar=5: 1: 4: 5 at a space velocity of
7500 h™', 41.8% methanol is formed.

It is necessary to conduct a study of catalysts for partial oxidation of C;-C4 hydrocarbons on an
electronic scanning microscope.

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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B.K.Macaaumosa', I'.JI.[ixernuc6aesa', . T.AnTeinGexosa’,
C.M.Haypy3kymioBa', AA.ATakoxaesa', B.A.Caabikos’

'M.X. [lynatu atbiazmarsl Tapas Memyiekertik yuuepcuteri, Tapas, Kasakcran;
*HoBocubupck MemexeTTik yaupepcureri, HoBocuGupcek, Peceii;
’I".K. BopeckoB aThIHaFbI KaTaau3 HHCTHTYThI, HoBocuGupck, Peceit

C3;-C4 KAHBIKKAH KOMIPCYTEKTEPIIH TOTBIFA AMHAJTY IMTPOLECIHJIETT
TOMEHI'T HANBI3IBIK Co/CA3BAJIIIBIK KATAJTU3ATOPHI

AnHoTanus. C3-C4 xkeMipCyTeKTepiH OTTEK KYpamIbl KOMIIO3UTTEPre JACHiH ayaMeH TOTBIKThIpY Ke3inge T =
400-550°C-Ta xoHe TaOWFM KbI3bUI ca30almbIKKa KOHAbIppUFaH 1-, 3-, 5% Co ©0ap MOHOKCHATI
katammsaropiapaarsl 7500 car”', 9000car kemeMmik KblnaaMabFsl 3eprreni. C3-C4 KeMipCyTeKTep i KapThinaii
TOTBIFY MPOLIECIHE PEAKIHs TEMIIEPaTypachl, )KaHACY YaKbIThI, KOJIEMJIIK >KbIIIaM/IBIKTHIH ©3Tepici 3epTTeII .

CopOeHTTepi KBIIKBUIABIK OHAeYy e OCTiHIH maiiaa 00IybIHA )KOHE KEYEK PaJlyChIHBIH YJIFAIObIHA BIKIAI STTi,
Oyn karammsarrta oTTeri Oap KochUIbICTapiblH keOeroine okenmi. SiO,/Al,O; KaTbIHACH (CHIIMKATTHI MOIYJIb)
KBIIIKBUIIBIK OHJICY/ICH KSHIH JIe apTa/ibl.

Tyiiin ce3aep: Katanu3aTop, KOMipCyTeKTep, TAOUFH Ca30aIIIbIK.
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Bb.K.Macanumosa', I'.Jl. :xernucéaesa', . T.AnTbinGexosa’,
C.M.Haypy3kysioBa', A.A.AtakoxkaeBa’, B.A.Caxbikon’

lTapa.:’,01<1/1171 rocyaapcTBeHHbIl yHuBepcuTeT uM. M. X. Jlynartu, Tapa3, Kazaxcran;
*HoBocubupcKHii rocy1apcTBeHHslil yauBepcutet, HoBocubupck, Poceus;
Wucturyt katanusa uM. I'. K. bopeckosa

HU3KOIMPOLUEHTHBIE Co/TJIMHOBBIE KATAJIUM3ATOPBI
B ITPOLECCE OKNCEHUS HACBIIMEHHBIX C3-C4 YIJIEBOJAOPOJ10B

AnHotauusi. UccnemoBano oxucnurtensHoe —mnpeBpamienne C3-C4  yrimeBomopomoB  BO3AYyXOM B
KHCIIOPO/ICOIepKalIie KoMIo3uiuu mpu T=400-550°C u oGbemuoit ckopoctr 75004™", 90004 Ha MOHOOKCHIHBIX
Karanuzaropax, cogepxamux 1-, 3-, 5% Co, HaHECEeHHBIX Ha TPUPOJHBIE KpacHble TJMHBL. B mporecce
nonyokucnenuss C3-C4 yrieBofopoJloB HCCIEIOBATINCH TEMIEpaTypa peakiiM, BpeMs KOHTaKTa, H3MEHEHHE
o0beMHOI ckopocTH. KucnoTHas oOpaboTka copOEHTOB criocoOCTBOBaIAa pa3paboTKe MOBEPXHOCTH M YBEIHYCHUIO
pamuyca TOp, YTO NPUBOAWIO K YBEJIMYEHHIO KHCIOPOJCOAEpKAIIMX coeAnHeHWi B karamuszare. SiO,/Al,0s
COOTHOUIECHHE (CHJIMKATHBIA MOJYJIb) TAKXKE YBEIMUIHUBAIICS ITOCIIE KUCIOTHOH 00paboTKH.

Ki1ioueBble c10Ba: KaTann3aTop, yIriieBoI0POAbL, IPHUPOIHAS TIIMHA.
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