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NAS RK is 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. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Химия жəне 

технология сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы Emerging 
Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу барысында 
Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, the Social 
Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия жəне технология сериясы  Emerging 
Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді химиялық ғылымдар 
бойынша контентке адалдығымызды білдіреді.   

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия химии и технологий» был 

принят для индексирования в Emerging Sources Citation Index, обновленной версии Web of Science. 
Содержание в этом индексировании находится в стадии рассмотрения компанией Clarivate 
Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the Social 
Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает качество и 
глубину контента для исследователей, авторов, издателей и учреждений. Включение Известия 
НАН РК в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по химическим наукам для нашего сообщества. 
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LOW-PERCENTAGE Со/CLAY CATALYSTS IN THE PROCESS OF 
OXIDATIVE CONVERSION OF C3-C4 SATURATED HYDROCARBONS 

 
Abstract. Oxidative conversion of C3-C4 hydrocarbons by air to oxygen-containing compounds at T = 400-

550°C and  space velocity of 7500 h-1, 9000h-1 on monoxide catalysts containing 1-, 3-, 5% Сo supported on natural 
red clays was studied. The reaction temperature, contact time, change in the space velocity in the process of partial 
oxidation of C3-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 SiO2/Al2O3 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 C2-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-1, 9000 h-1. 

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. 
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In the case of partial oxidation of C3-C4 hydrocarbons initial and final gaseous products C2H4, H2, 
CO, CH4, CO2 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%; O2=7.0%; N2=26.34%: Ar=33.33%; space 
velocity of 7500h-1. 

When the temperature rises to 300-350°C, liquid organic compound is not formed. In the gas phase, 
only traces of C2H4, H2, CO, CH4 and CO2 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: C3Н8=7.4%; C4H10=25.4%. Table 1 demonstrates the conversion 
increase of the propane-butane gas mixture in the following sequence: С3Н8=4.6-10.2%; C4H10=17.3-
30.0%. With the gradual increase of temperature in the gas-phase product the number of components 
C2H4, H2, CO, CH4 and CO2 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: С3-С4:O2:N2=7:1:4; W=7500h-1. Catalyst 1Со/ NRC 
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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 7,4 26,0 22,6 25,8 18,7 5,0 0 0 1,0 0 0 0,7 0 0 

21,5 

500 9,8 18,0 16,0 41,8 21,0 3,2 0 0 0 0 0 0 0 0 
25,4 

550 10,2 11,2 27,8 22,8 27,1 4,3 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% Со/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: С3-С4=33,3%; О2=7,0%; N2=26.4%; Ar=33.3%7. 3%Со/ NRC; V=2сm3 

 
W, 
h-1 

τ, с Т, оС V, % 
С3Н8/ 
С4Н10 

 
yіeld , % 

aldehyde ketone alcohols Carboxylіc acіd 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 14,2 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-1, 9000 h-1. 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 °С 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 6000C at space velocity of 7500 h-1. Carboxylic acids are not formed at temperatures of 
500°C-550°C at space velocity of 9000 h-1, but at space velocity of 7500 h-1 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 -α-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 

 
№  

Catalyst  
composition 

results 
Surface, m2/g Pore volume 

VADSmax,ml/g 
Vист, (ml)= 

VADSmax·K(0,001558) 

1 NRC 15,39 221,69 0,345 
2 1%Cо/ NRC 29,90 221,74 0,345 
3 3%Со/ NRC 51,35 467,63 0,729 
4 5%Со/ 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-1. The standard was 
prepared in an environment of 5% HNO3 / 0.2% HF (v / v). 

 
Table 4 - Results of elemental carrier analysis 

 
elements NRC 1Co/ NRC 3%Co/ NRC 5%Со/ 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 
V 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 
Fe2O3 21 15 20 19 
Al2O3 45 47 48 42 
Na2O 015 <01 015 02 
K2O - - - - 
SiO2 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%. Al2O3 ranges from 42 to 48% in 
all catalysts. And in the composition of all catalysts 25-30% of SiO2 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. 
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The process of partial oxidation of hydrocarbons C3-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-1), the effect of the active phase dose 
were tested, the optimal ways to conduct the C3-C4 hydrocarbon partial oxidation process (300oC-600oC) 
and to obtain the reaction products were determined for the catalytic systems studied. 

In the process of oxidation of hydrocarbons C3-C4, the following results were obtained: 
1) The oxidation process of C3-C4 hydrocarbons occurs in a mild state at atmospheric pressure. 
2) At 1% Co/NRC catalyst at a ratio of 500°C, C3-C4 HC: O2: N2: Ar = 5: 1: 4: 5 at a space velocity of 

7500 h-1, 41.8% methanol is formed. 
 It is necessary to conduct a study of catalysts for partial oxidation of С3-С4 hydrocarbons on an 

electronic scanning microscope.  
Source of research funding. Initiative project "Conversion of hydrocarbon raw materials of 

Kazakhstanа" Department of «Chemistry and Chemical Technology" of M.Kh.Dulaty Taraz State 
University.  
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С3-С4 ҚАНЫҚҚАН КӨМІРСУТЕКТЕРДІҢ ТОТЫҒА АЙНАЛУ ПРОЦЕСІНДЕГІ  

ТӨМЕНГІ ПАЙЫЗДЫҚ Со/САЗБАЛШЫҚ КАТАЛИЗАТОРЫ 
 

Аннотация. C3-C4 көмірсутектерін оттек құрамды композиттерге дейін ауамен тотықтыру кезінде Т = 
400-550°С-та жəне табиғи қызыл сазбалшыққа қондырылған 1-, 3-, 5% Со бар моноксидті 
катализаторлардағы 7500 сағ-1, 9000сағ-1 көлемдік жылдамдығы зерттелді. С3-С4 көмірсутектердің жартылай 
тотығу процесіне реакция температурасы, жанасу уақыты, көлемдік жылдамдықтың өзгерісі зерттелді. 

Сорбенттерді қышқылдық өңдеуде бетінің пайда болуына жəне кеуек радиусының ұлғаюына ықпал етті, 
бұл катализатта оттегі бар қосылыстардың көбеюіне əкелді. SiO2/Al2O3 қатынасы (силикатты модуль) 
қышқылдық өңдеуден кейін де артады. 

Түйін сөздер: катализатор, көмірсутектер, табиғи сазбалшық. 
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НИЗКОПРОЦЕНТНЫЕ Сo/ГЛИНОВЫЕ КАТАЛИЗАТОРЫ 

В ПРОЦЕССЕ ОКИСЕНИЯ НАСЫЩЕННЫХ С3-С4 УГЛЕВОДОРОДОВ 
 
Аннотация. Исследовано окислительное превращение С3-С4 углеводородов воздухом в 

кислородсодержащие композиции при Т=400-550оС и объемной скорости 7500ч-1, 9000ч-1 на монооксидных 
катализаторах, содержащих 1-, 3-, 5% Сo, нанесенных на природные красные глины. В процессе 
полуокисления С3-С4 углеводородов исследовались температура реакции, время контакта, изменение 
объемной скорости. Кислотная обработка сорбентов способствовала разработке поверхности и увеличению 
радиуса пор, что приводило к увеличению кислородсодержащих соединений в катализате. SiO2/Al2O3 
соотношение (силикатный модуль) также увеличивался после кислотной обработки. 

Ключевые слова: катализатор, углеводороды, природная глина. 
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