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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 және 

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 әрі the Science Citation Index Expanded, the Social 
Sciences Citation Index және the Arts & Humanities Citation Index-ке қабылдау мәселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия және технология сериясы  Emerging 
Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті және 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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HYDROGENATION OF AROMATIC HYDROCARBONS  
ON MODIFIED METAL CATALYSTS SUPPORTED  

ON CARBON CARRIER 
 

Abstract. The catalyst of the selection hydrogenation of benzene in engine fuels is developed. Methods of 
drawing low-percentage rhodium catalysts on the basis of natural and synthetic carriers are developed for 
hydrogenation of benzene in main products. It is established the optimum modes of carrying out hydrogenation of 
benzene on rhodium catalysts applied on zeolite and clay with the given structural characteristics. It is defined that            
1 % the rhodium catalysts supported on zeolite increases selectivity on cyclohexane. Results showed that carrying 
out reaction of hydrogenation of benzene on the developed rhodium catalyst allows to receive pollution-free motor 
fuel with the low maintenance of aromatics. 

Keywords: hydrogenation, aromatic hydrocarbons, benzene, catalysts, clay, zeolite. 
 
Introduction. The rapid growth of road transport in the developed countries where car density has 

reached 10-20 km2 resulted in severe contamination of the environment and especially emissions of 
harmful air basin exhaust gases [1]. A huge amount of pollutants produced during the combustion of 
motor gasoline, results in the fact that environmentally requirements are deduced in first place among all 
the requirements for gasoline. Ecological Problems of associated with environmental pollution at the 
expense exhaust emissions requires improving the quality of motor fuels. Aromatic hydrocarbons are 
subjected to catalytic hydrogenation to transfer them to naphthene for reduce the amount of them. The 
study of the process of catalytic hydrogenation of aromatic hydrocarbons and suitable catalysts 
improvement are an important task. The structure of aromatic hydrocarbons has a significant effect on 
carbon formation in combustion chambers and valves on engines, which impairs their performance 
indicators such as power, economic and environmental characteristics. Under the influence of high 
temperatures, aromatic hydrocarbons undergo oxidative conversion and are the main source of fouling [2]. 
Among the aromatic hydrocarbons the most low-boiling aromatic compound is benzene. Benzene 
damages many organs and vital systems, but, in general considering he is a poison blood [3]. Petrol 
fraction has to have several properties for using them as a component of engine fuel. So, for example, 
there is the extreme content of aromatic hydrocarbons and sulfur compounds above which the fraction 
cannot be used. This extreme content is caused by the fact that the considered fraction in termination 
products contains in particular quantity, and the compounding will not allow to receive the marketable 
products answering on aromatic and sulfur content are gray to requirements of standards [4]. 

Mainly, various hydrogenation processes are applied to decrease in content of sulfur and aromatic 
compounds in petrol fractions. Hydrotreating, hydroupgrading, hydro-dearomatization are considered to 
them. The specified processes are carried out with use of sulfidic Ni-W and Co-Mo. Processes are carried 
out in flowing system at temperatures 350-450  at feed rate of raw materials 1-3 of the 1/hour and 
pressure of hydrogen, as a rule, to 50 atm. (sometimes even to 70-100 atm.) Reactions of catalytic 
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hydrogenation of benzene and dehydrogenation of cyclohexane can go only on the transitional metals 
having face-centered cubic structure or hexagonal structure and besides atomic radiuses of strictly 
particular sizes [5-6]. Palladium, platinum, iridium, rhodium, osmium are active catalysts of 
hydrogenation of benzene and a dehydrogenation to cyclohexane and meets the above requirements [7]. 
At the beginning of our century, Sabatye and Sanderan found that benzene is easily hydrogenated into 
cyclohexane in the presence of nickel catalysts. Hydrogenation carried out at T= 120-250  and                 
P=2-6 MPas and rate of volume flow on benzene 0.5-2 p-1. Conversion level reaches 95 %. On platinum 
catalysts hydrogenation of benzene proceeds under the same conditions, as on nickel, and the almost 
complete conversion at selectivity is reached, by the close to 100 % [8-9]. The advantages of platinum 
catalysts are necessary to carry them a little smaller sensitivity to sulfur compounds and a possibility of 
reactivation of the catalyst, than at nickel. The disadvantages are sensitivity to presence of moisture at raw 
materials that causes the necessity carefully to drain benzene [10]. 

Selective hydrogenation of benzene to cyclohexane (SHBC) has attracted many attentions during the 
past decades [11-12], due to its simplicity, high yields and costs compared with other cyclohexane 
production methods. Hydrogenation of benzene in cyclohexane is the main method of receiving 
cyclohexane. Cyclohexane is used for production of caprolactam in the industry of synfils, for receiving 
hexane diacid and cyclohexanol. Clear benzene, free of sulfur compounds, hydrogenate in a liquid phase 
over the nickel or platinum catalyst at 4 MPas, 200  and rate of volume flow of supply of raw materials 
1-3p-1. The benzene containing sulfur and nitrogen compounds is hydrogenated over the nickel tungsten 
sulphide catalyst at 24 MPs, 300 °C and rate of volume flow 0.5 p-1. At hydrogenation of benzene in 
cyclohexane light-end and other by-products are practically not formed [13-14]. Nickel catalysts on 
carriers are most often used: alumina, chromium oxide, etc. The nickel-chrome catalyst, as well as other 
nickel contacts, easily gets poisoned with sulfur compounds. Poisoning is bound to strong, irreversible 
adsorption of the last, i.e. to blocking of the fissile surface, and at elevated temperatures and to formation 
of chemical combinations [15]. 

Catalysis using nanoscale materials has been one of the most active research areas in recent years 
because of its relevance to chemical and energy related applications. Recently, several excellent review 
articles have shown that nanocatalysts with high dispersion and narrow size distributions stabilized by 
appropriate supports or capping materials can work under milder conditions with higher activity and 
selectivity as compared to conventional heterogeneous catalysts [16-17]. It is known that transition metal 
nanoparticles are effective catalysts, and the catalytic activity depends on their shape, size, and surface 
structure of the solid supports [18-20]. Modifying of natural zeolites becomes particularly important in 
connection with a possibility of creation of catalysts on their basis for process of thermocatalytic 
transfomation of low-quality hydrocarbon raw materials in alicyclic rings. It is established that the greatest 
positive effect gives modifying of zeolites platinum, palladium and rhodium.  

In the real work optimum conditions of a dearomatization on the basis of benzene hydrogenation 
reaction, for receiving cyclohexane are picked up. Rhodium catalysts operate in more weak conditions and 
have more selectivity than the traditional systems based on other metals. Kazakhstan possesses huge 
reserves of natural zeolite and clay which can be used as catalysts of hydrogenation of aromatic 
hydrocarbons for receiving an ecological straight product – cyclohexane. The aims of the work were 
synthesis of new rhodium nanosized catalysts on the carbon carrier with the increased efficiency and 
having high selectivity at hydrogenation of aromatic hydrocarbons for receiving pollution-free engine fuel. 

Experimental. Red clay, Tonkeris clay, zeolite are used, as a basis for body height and formation of 
nanocarbon composites. The choice of Tonkeris clay is caused by the fact that as a part of this clay oxides 
Fe3O4, TiO2, MgO, Cr2O3 which have to promote education in the course of a carbonization of fibrous 
carbon and nanostructures were found. This catalytic carbon causes increase in a specific surface area and 
porosity that leads to formation of a transport time of system [21]. 

Rhodium catalysts on the basis of zeolite are prepared by an impregnation method with the 
subsequent calcination. The impregnated zeolite is exposed to process of a carbonization during                       
3-5 clocks. The received catalyst containing 0.5-2 % of rhodium is used for hydrogenation. 

Carbon materials were prepared by a carbonization and activation at a temperature 400 °С for the 
carrier. Argon current is passed for increase in a specific surface area to exemplars during a carbonization. 
Carbonization was carried out at temperatures of 650-750 °C at an interval of 25°C. Propane is used as a 
source of carbon.  
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The research of activity of the synthesized catalysts was conducted in laboratory flowing installation 
of high pressure in the range of temperatures of 50-300 °C, pressure of 0.1-3.0 MPs, rate of volume flow 
1.0-4.0 hour-1. Feed rate of hydrogen made 30-60 ml/min. 

Hydrocarbon part was analyzed on a chromatograph «Chromatec Cristall 5000». The detector is 
flame and ionization. Gas carrier is nitrogen, temperature from 90  to 180 , a stainless steel column 
(long 3m, diameter 3mm). 

Electronic and microscopic studying of exemplars was carried out on the JEM-100CX device at the 
accelerating voltage of 100 kV. The device allows study objects at high-res (3.0Е). 

Results and discussion. The rhodium and cobalt carbon catalysts supported on various carriers were 
prepared and tested. Also low-percentage rhodium carbon catalysts on the carbonized apricot stones were 
synthesized. Different concentration of rhodium supported on a series of carriers: Al2O3, zeolite, clay. 
Cobalt contained carbon catalysts were prepared for comparison of catalytic activities. 

At researches of clay breeds from various regions of Kazakhstan for production of catalysts, us it is 
established what the kaolinit of clays is inexpedient to use additives for carriers of carbon catalysts. 
Carbonization of clays in the range of temperatures 700-750 °C well develops a specific surface area. 
Chemical composition of clays is presented in table 1.  

Studying chemical composition of clays and a research of process of a carbonization it is possible to 
tell all clays can be used as carriers of rhodium carbon catalysts. As a part of clays as appears from table 8, 
there are ion-exchange cations: Na+, K+, Ca2+, Mg2+ which decrease almost twice at processing. Also the 
increased content of iron in TC is observed. 

 
Table 1 – Chemical composition of clays 

 

Clay Mass % 
SiO2 Al2O3 Fe3O4 TiO2 Na2O K2O CaO MgO Cr2O3 H2O others 

TC 52.4 15.6 8.2 1.7 1.3 3.22 1.2 4.4 0.08 8.3 3.6 
RC 65.3 21.7 0.8 1.7 0.21 0.83 0.7 0.3 - 4.9 5.8 
WC 56.8 15.6 8.9 0.9 0.7 2.9 0.5 3.2 0.1 7.5 2.9 

 

Physical and chemical characteristics of the synthesized catalysts are shown in table 2. Rhodium 
salts apllied on zeolites for creation of bifunctional catalysts of hydrogenation. The metal centers allow to 
maintain low equilibrium concentration of olefins in a reaction mixture and prevent coking up of a surface 
of the catalyst.  

 

Table 2 – Main physical and chemical characteristics  
of the synthesized rhodium carbon catalysts on different carriers 

 

Indicatores Zeolite Zeolite Clay Zeolite+Clay Al2O3 

Content of Rh, mass, % - 0.5 0.5 0.5 0.5 
Content of C. mass. % - 5.0 15.0 12.0 9.0 
Surface area. m2/g 112.0 122.0 106.0 156.0 96.0 
Carbonization. Hour 1.0 3.0 1.0 3.0 2.0 

 

Results of hydrogenation of benzene on cobalt and rhodium catalysts at a temperature of 450 °C and 
25 atm are shown in table 3. The composition of hydrogenates of benzene depends not only on a catalytic 
activity and also from conditions of supply of hydrogen and benzene. Follows from the received 
experimental results that with increase in supply of benzene in an original stock. a cyclohexane exit 
gradually decreases because of shortage of hydrogen. On cobalt catalysts conversion of benzene contains 
51 % at temperature of 430 °C. 

 
Table 3 – Conversion of benzene on different catalysts (CAS) 

 

T.0С Conversion of benzene % 
0.5 % Rh 5 % Co 7 % Co 

350 47 24 27 
380 49 29 32 
400 59 33 35 
430 64 41 42 
450 65 42 45 
480 65 45 48 
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From all tested exemplars, the rhodium catalyst on zeolite differed in the highest activity. It is 
considered that for efficient operation of bifunctional catalysts the metal centers have to be as it is possible 
closer to the acid centers therefore most often the metal component is applied immediately on the surface 
of zeolite. 

Further synthesized rhodium catalysts applied on clay. Their catalytic activity in benzene 
hydrogenation reaction was checked. It is by practical consideration defined that at a research of activity 
of 0.5-2 % of the rhodium put catalyst formation of methylcyclopentane, methylcyclopentane, 
cyclohexane is observed.  

Figure 1 shows the graphical dependence of benzene conversion on temperature. It can be seen from 
the figure that among all the modified catalysts, the catalyst based on clay containing 0.5 % rhodium 
exhibits the least catalytic activity. 

 

 
 

Figure 1 – Dependence of benzene conversion on temperature on different catalyst 
 

 
 

Figure 2 – Dependence of the yield of cyclohexane on various catalysts 
 
Dependence of yield of cyclohexane on amount rhodium in catalysts are shown in Figure 2. The 

catalytic activity increases in the benzene hydrogenation reactions, when the zeolite is modified with 1 % 
rhodium. According to data figure 2, Rh 1% catalyst supported on zeolite is the most active catalysts. As 
noted above, the zeolite modified with 0.5 rhodium allows one to obtain dimethylbutane (2,2-DMB), 
methylcyclopentane and cyclohexane in the mixture of isomers. A comparative physicochemical analysis 
of the carbonized modified rhodium zeolite showed that catalytic hydrogenation of benzene catalyzed in 
the reactions for obtaining valuable by-products. 
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 The obtained results showed that in the study of the catalytic activity of rhodium catalysts, active and 
selective catalyst was 1% rhodium supported on zeolite, the maximum amount of the desired products was 
observed in the reaction mixture.  

Catalysts with a different ratio of components of the fissile phase were prepared and investigated in 
the course of benzene hydrogenation. The catalyst synthesized rhodium 0.5 % worked within 20 hours in 
an interval of temperatures 400-420 °C under pressure hydrogen of 18 atm. before activity loss. 

Catalysts with a different ratio of components of the fissile phase were prepared and investigated in 
the course of benzene hydrogenation. The catalyst synthesized rhodium 0.5 % worked within 20 clocks in 
an interval of temperatures 400-420 °C under pressure hydrogen of 18 atm. before activity loss. The 
deactivated catalyst was investigated by physical and chemical methods of the analysis. Comparisons of 
specific surface areas and activity of prepared, the deactivated and regenirated exemplars shows, that at 
thermal regenerations in the atmosphere of hydrogen catalytic activity is restored (table 4). 

After regeneration in argon current at temperatures of 650 °C on rhodium catalysts activity for 50 % 
allowed to restore catalytic carbon. And regeneration of rhodium catalysts in the atmosphere of hydrogen 
restored catalytic activity for 80 %.  

 
 

Table 4 – Characteristics of synthesized Rh catalysts 
 

Catalysts Surface area. m2/g 
0.5 % Rh on carbon 535 
0.5 % Rh on deactivated carbon  180 
0.5 % Rh on deactivated carbon (in argon flow)  322 
0.5 % Rh on regenerated carbon (in hydrogen flow) 480 

 

 

  
a 

  
b 

                                 a) – 1% of Rh/zeolite                                                                        b) – 0.5% of Rh/zeolite 
 

Figure 3 – SEM pictures of catalysts 
 
The synthesized rhodium catalysts were investigated by method by an electronic and microscopic 

method. It is shown in Figure 3, that exemplars of the rhodium catalyst put zeolite are in an amorphous 
crystalline state, and amorphous is understood as an amorphous state, i.e. in this state there can be also 
crystal ultra-dispersible particles with sizes less than 500 nanometers. Rhodium the applied zeolite with 
clay raises dispersion of a surface. Apparently from the figure 3 (b), rhodium catalysts nanoparticles of 50 
nanometers in size, and were formed less. 

 

Conclusion. The catalyst of the selection hydrogenation of benzene in engine fuels is developed. 
Methods of drawing low-percentage rhodium catalysts on the basis of natural and synthetic carriers are 
developed for hydrogenation of benzene in main products. 

It is established the optimum modes of carrying out hydrogenation of benzene on rhodium catalysts 
applied on zeolite and clay with the given structural characteristics. It is defined that 1% the rhodium 
catalysts supported on zeolite increases selectivity on cyclohexane.  
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Influence of the rhodium catalyst on effectiveness in reactions of hydrogenation of benzene in 
cyclohexane and main products is defined. Conversion of 1 % the rhodium catalyst makes 75-80 %, with 
ultimate yield of isomers of 65 % (methyl cyclohexane, methylcyclopentane). 

Results showed that carrying out reaction of hydrogenation of benzene on the developed rhodium 
catalyst allows to receive pollution-free motor fuel with the low maintenance of aromatics. 

As a result it is possible to improve significantly ecological characteristics of engine fuel for 
achievement of parameters, conditioned Euros-4. 
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АРОМАТТЫ КӨМІРСУТЕКТІ КӨМІРТЕК ТАСЫМАЛДАҒЫШТАҒЫ  
МОДИФИЦИРЛЕНГЕН МЕТАЛЛ КАТАЛИЗАТОРЫНДА ГИДРЛЕУ 

 
Аннотация. Соңғы жылдары көп ел мотор отының сапасына қатысты қатаң талап қоюда. Мотор 

отынына қойылған талаптар автомобильді бензин құрамындағы күкірт мөлшері, буланғыштығы мен 
бензиннің көміртекті қоспасы: ароматты және олефинді көмірсутектер мөлшерін азайтуға негізделеді. 
Көмірқышқыл газы, күкірт диоксиді, күйе сынды зиянды заттар олардың жануы барысында қозғалтқышқа 
көп мөлшерде түседі. Сонымен қатар, көптеген ароматты көмірсутектер аса улы зат болып саналады. 

Осыған байланысты мотор отыны құрамындағы ароматты көмірсутектің, әсіресе, бензолдың мөлшерін 
азайту мәселесі өзекті болып есептеледі. Бензол және оның шала жану өнімі бензопирен-канцерогенді зат, 
адам және жануар өміріне қауіп тудырады. Ароматты көмірсутекті каталитикалық гидрлеуді зерттеу және 
қазіргі таңда нарықтағы катализаторлардың сапасын арттыру да маңызды. Бензолды каталитикалық гидрлеу 
реакциясы тек қана атомдық радиусы нақты бір өлшемдерге ие, түйіршіктелген кубтік немесе гексагоналды 
құрылымға ие ауыспалы металдарда жүреді. Палладий, платина, иридий, родий, осмий бензолды гидрлеу 
үдерісінің активті катализаторы және жоғарыдағы аталған талаптарға толықтай сай келеді. 

Циклогександы бензолды гидрлеу реакциясы арқылы алуға негізделген деароматтау үрдісінің тиімді 
шарттары осы жұмыста таңдалынды. Өзге металдарға негізделген дәстүрлі жүйелерден гөрі, родий 
катализаторлары жоғары селективті және жеңіл жағдайда қызмет атқарады. Экологиялық таза өнім 
циклогександы алуға арналған ароматты көмірсутектерді гидрлеу үрдісі катализаторларының 
тасымалдағышы ретінде қолданыла алатын саз бен цеолиттің үлкен қоры Қазақстанда бар. Экологиялық таза 
мотор жанармайын алу үшін ароматты көмірсутектерді гидрлеуге арналған жоғары селективті көміртекті 
тасымалдағышта өнімі жоғары отандық родийлі катализаторды алудың жаңа әдістері жұмыcтың мaқcaты 
болып саналады. 

Карбондау үдерісі кезінде талшықталған көміртегі мен наноқұрылымның пайда болуына себеп болатын 
Fe3O4, TiO2, MgO Cr2O3, оксидтері болғандықтан Төңкер глинасы таңдалды. Цеолит негізіндегі родий 
катализаторларын отырғызу әдісі арқылы алады. Синтезделген катализаторлардың белсенділігі жоғары 
қысымдағы зертханалық қондырғыда, 50-300° С температура және 0,1-3,0 МПа қысым диапазонында 
зерттелді, көлемдік ағым жылдамдығы 1,0-4,0 сағ-1. 

Мотор отын құрамындағы бензолді селективті гидрлеуге қолданылатын катализатор дайындалды. 
Бензолды мақсатты өнімге гидрлеу үшін табиғи және синтетикалық тасымалдағыштар негізінде төменгі 
мөлшердегі родий отырғызу әдісі қолданылды. Құрылымдық сипаттамалары белгілі цеолит пен глинаға 
отырғызылған родий катализаторларында бензолды гидрлеудің тиімді режимі анықталды. Цеолитке 
отырғызылған 1% родий катализаторы циклогексан бойынша селективтілікті арттыратыны анықталды. 
Бензолды циклогексанға дейін гидрлеу реакциясының эффективтілігіне родий катализаторларының әсері 
анықталды. 1% родий катализатор қатысында, үдеріс нәтижесінде 65% (метилциклогексан, 
метилциклопентан) изомерлер шығымы болған жағдайда конверсия 75-80% көрсетті.  

Нәтижелерге сәйкес, жасалынған родий катализаторында бензолды гидрлеуді жүргізу құрамында 
ароматты көмірсутектің мөлшері төмен экологиялық таза мотор отынын алуға мүмкіндік беретіндігін 
көрсетті. Нәтижесінде Еуро-4 стандарттарына сай параметрлерге жететін дәрежеде мотор отындарының 
экологиялық сипаттамаларын арттыруға болады.  

Түйін сөздер: гидрлеу, ароматты көмірсутектер, бензол, катализаторлар, саз, цеолит 
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ГИДРИРОВАНИЕ АРОМАТИЧЕСКИХ УГЛЕВОДОРОДОВ  
НА МОДИФИЦИРОВАННЫХ МЕТАЛЛ–КАТАЛИЗАТОРАХ  

НА УГЛЕРОДНОМ НОСИТЕЛЕ 
 
Аннотация. В последние годы все более ужесточаются требования к качеству моторного топлива во 

всех странах. Строгие условия на автомобильный бензин ограничивают содержание серы, испаряемость и 
углеводородный состав бензина: ароматических и олефиновых углеводородов. Вредные вещества, такие как 
окись углерода, двуокись серы, сажа попадают в двигатели в больших количествах при их сгорании. Кроме 
того, многие ароматические углеводороды также являются высокотоксичными веществами. 

В связи с этим, уменьшение количества ароматических углеводородов, особенно бензола, в моторных 
топливах является актуальной и неотложной задачей. Бензол и продукт неполного окисления бензопирен – 
канцерогенное вещество, накапливающееся в окружающей среде, оказывает негативное влияние на 
безопасность жизни людей и животных. Важной задачей является изучение процесса каталитического 
гидрирования ароматических углеводородов и улучшение соответствующих катализаторов. Реакции 
каталитического гидрирования бензола могут протекать только на переходных металлах, имеющих 
гранецентрированную кубическую или гексагональную структуру и, кроме того, атомные радиусы строго 
определенных размеров. Палладий, платина, иридий, родий, осмий являются активными катализаторами 
гидрирования бензола циклогексана и отвечают вышеуказанным требованиям. 

В данной работе подобраны оптимальные условия деароматизации на основе реакции гидрирования 
бензола для получения циклогексана. Родиевые катализаторы работают в более мягких условиях и обладают 
большей селективностью, чем традиционные системы, основанные на других металлах. Казахстан обладает 
огромными запасами природного цеолита и глины, которые могут быть использованы в качестве носителя 
катализаторов гидрирования ароматических углеводородов для получения экологического чистого продукта 
– циклогексана. Цeлью paбoты являютcя новые методы получения родиевых наноразмерных катализаторов с 
повышенной продуктивностью на углеродном носителе, обладающем высокой селективностью при 
гидрировании ароматических углеводородов для получения экологически чистого моторного топлива. 

Выбор тонкерской глины вызван тем, что в составе определены оксиды Fe3O4, TiO2, MgO Cr2O3, которые 
способствовуют образованию волокнистого углерода и наноструктур в процессе карбонизации. Родиевые 
катализаторы на основе цеолита получают методом пропитки с последующим прокаливанием. Исследование 
активности синтезируемых катализаторов проводилось в лабораторной установке высокого давления в 
диапазоне температур 50-300° С, давления 0,1-3,0 МПа, скорости объемного потока 1,0-4,0 час-1. 

Разработан катализатор селективного гидрирования бензола в моторных топливах. Разработаны способы 
нанесения низкопроцентных родиевых катализаторов на основе природных и синтетических носителей для 
гидрирования бензола в целевые продукты. Установлены оптимальные режимы проведения гидрирования 
бензола на родиевых катализаторах, нанесенных на цеолит и глину с заданными структурными 
характеристиками. Определено, что 1% родиевых катализаторов, нанесенных на цеолит, увеличивает 
селективность по циклогексану. Влияние родиевого катализатора на эффективность реакции гидрирования 
бензола в циклогексан и в основные продукты были определены. Конверсия 1% родиевого катализатора 
составляет 75-80% при конечном выходе изомеров 65% (метилциклогексан, метилциклопентан).  

Результаты показали, что проведение реакции гидрирования бензола на разработанном родиевом 
катализаторе позволяет получать экологически чистое моторное топливо с низким содержанием 
ароматических углеводородов. В результате можно значительно улучшить экологические характеристики 
моторного топлива для достижения параметров, соответствующих стандартам Евро-4. 

Ключевые слова: гидрирование, ароматические углеводороды, бензол, катализаторы, глина, цеолит. 
 
 

 
Information about authors: 
Aitugan A.N., PhD Doctoral Student, Al-Farabi Kazakh National University, Almaty, Kazakhstan.  aizat_9_3@mail.ru, 

https://orcid.org/0000-0003-3302-9363; 
Tanirbergenova S.K., PhD, Deputy General Director of Institute of Combustion Problems, Almaty, Kazakhstan. 

sandu2201@mail.ru, https://orcid.org/0000-0001-9528-1180; 



ISSN 2224-5286                                                                                                     Series chemistry and technology. 3. 2020 
 

 87 

Tileuberdi Ye., PhD, associate professor of Al-Farabi Kazakh National University, Almaty, Kazakhstan. 
erbol.tileuberdi@kaznu.kz, https://orcid.org/0000-0001-9733-5015; 

Tugelbayeva D., Researcher of Institute of Combustion Problems, Almaty, Kazakhstan. dilya.12@mail.ru, 
https://orcid.org/0000-0001-7860-5710; 

 Mansurov Z.A., PhD, Professor of Al-Farabi Kazakh National University, Almaty, Kazakhstan. zmansurov@kaznu.kz, 
https://orcid.org/0000-0002-8956-216X; 

Ongarbayev Ye.K., PhD, Professor of Al-Farabi Kazakh National University, Almaty, Kazakhstan. 
erdos.ongarbaev@kaznu.kz, https://orcid.org/0000-0002-0418-9360; 

 Imanbayev Ye.I., acting associate professor of Yessenov University, Aqtau, Kazakhstan. erzhan.imanbayev@mail.ru, 
https://orcid.org/0000-0001-8273-0020 

 
 

REFERENCES 
 
[1] Yung-Chen Yao, Jiun-Horng Tsai (2013) Aerosol and Air Quality Research 13:739-747. DOI: 

10.4209/aaqr.2012.04.0104 
[2]  Kamzina M. A. (2016) Improving the quality of motor gasolines as a way to reduce harmful emissions from vehicles .. 

Scientific community of students of the XXI century, Novosibirsk, Russia. 218 (in Rus) 
[3] Akhtanov N.A., Tileuberdi Ye., Khanzharkhan Ye., Ongarbayev Ye.K. (2017) NEWS OF THE NAS RK. 

Series chemistry and technology 424:96-102 (In Kaz) 
[4] Hai Mei, B.WMei, Teh FuYen (2003) Fuel 82: 405-414. DOI: 10.1016/S0016-2361(02)00318-6 
[5] Liu, Zhongyi, Liu Zhongyi, SunHaijie, WangDongbin, GuoWei, ZhouXiaoli, LiuShouchang, LiZhongjun (2015) 

Chinese Journal of Catalysis. 31:150-152. DOI: 10.1016/S1872-2067(09)60039-5  
[6] Peyrovi M.H., Parsafard N., Mohammadian Z. (2018) Chinese Journal of Chemical Engineering 26(3):521-528. DOI: 

10.1016/j.cjche.2017.05.022 
[7] Hongli Liu, Ruiqi Fang, Zhong Li, Yingwei Li (2015) Chemical Engineering Science 122: 350-359 DOI: 

10.1016/j.ces.2014.09.050 
[8] Sun, H.; Chen, Z.; Li, C.; Chen, L.; Li, Y.; Peng, Z.; Liu, Z.; Liu, S. (2018) Catalysts 8(5):172. DOI: 

10.3390/catal8050172 
[9] Basov N., Keith Scott, Roshan Jachuk, Neil Winterton, Kate Davis, Andrew Cooper. (2005) Critical Technologies. 

Membranes 3 (27): 3-10. (in Rus) 
[10] Sharova E.S., Karakulov A.G., Kravtsov A.V., Ivanchina E.D., Klimova E.S. (2011) Oil refining. 3:3-7 (in Rus) 
[11] Shuliang Luac, William W.Lonerganb, Jeffery P.Boscob, Songrui Wanga, Yuexiang Zhu, Youchang Xie, Jingguang G., 

Chen (2008) Journal of Catalysis 259:260-268. DOI: 10.1016/j.jcat.2008.08.016 
[12] Abrosimov A.A. (2014) Ecology of hydrocarbon systems processing. Chemistry, Russia. ISBN: 5-7245-1198-3, 978-5-

7245-1198-8 (in Rus) 
[13] Moisa P.M., Vasilina G.K., Zhybanov K.A., Sharifkanova G.N., Zhenalieva C.A., Nosova N. (2011) The influence of 

tooling of modifying the natural zeolite on its catalytic properties // Bulletin of KazNU.Chemistry. 1:446-450 (in Rus) 
[14] Ronchin L., Toniolo L.  (2001) Catalysis Today 2359: 1–7 DOI: 10.1016/S0920-5861(00)00632-5 
[15] Rongbin Zhang, Guixin Guo, Ying Gao, Liang Wang, Ning Zhang, Jianxin Cai. Materials Letters 113:146-148. DOI: 

10.1016/j.matlet.2013.09.019 
[16] Ohde Mariko, Ohde Hiroyuki, Wai Chien M. (2014) Chemical communications 20:2388-2389. 

DOI:10.1039/B205993M 
[17] ConstantinosVangelis, Achilleas Bouriazos, Sotiris Sotiriou, Markus Samorski, Bernhard Gutsche, Georgios 

Papadogianakis (2010) Journal of Catalysis 274(1): 21-28. DOI: 10.1016/j.jcat.2010.06.004 
[18] Lihua Zhu, Li Zheng, Kunqiao Du, Hao Fu, Yunhua Li, Guirong You, Bing H. Chen (2012) RSC Advances 3:713-719. 

DOI:10.1039/C2RA22181K 
[19] Dr. Valentin Cimpeanu, Prof. Dr. Marijan Kočevar., Prof. Dr. Vasile I. Parvulescu, Prof. Dr. Walter Leitner (2009). 

Angewandte Chemie 48:1085-1088. DOI: 10.1002/anie.200803773 
[20] Yerdos Ongarbayev, Anatolii Golovko, Evgenii, Krivtsov, Erbol Tileuberdi, Yerzhan Imanbayev, Berikkazy 

Tuleutayev, Zulkhair Mansurov (2014) STUDIA UBB CHEMIA. 59 (LIX. 4):57-64. 
[21] Dinistanova B.K., Tanirbergenova S.K., Мansurova R.M., Мansurov Z.A. (2012) Advanced Materials Research. 535-

37: 2186-2190. DOI: 10.4028/www.scientific.net/AMR.535-537.2186 
  



News of the Academy of sciences of the Republic of Kazakhstan 
  

   174  

Publication Ethics and Publication Malpractice 
in the journals of the National Academy of Sciences of the Republic of Kazakhstan 

 
For information on Ethics in publishing and Ethical guidelines for journal publication 

see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics. 
Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies 

that the described work has not been published previously (except in the form of an abstract or as part of a 
published lecture or academic thesis or as an electronic preprint, 
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere, 
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where 
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in 
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not 
accepted. 

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data, 
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the 
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE), 
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct 
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked 
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect. 

The authors are obliged to participate in peer review process and be ready to provide corrections, 
clarifications, retractions and apologies when needed. All authors of a paper should have significantly 
contributed to the research. 

The reviewers should provide objective judgments and should point out relevant published works 
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen 
in such a way that there is no conflict of interests with respect to the research, the authors and/or the 
research funders. 

The editors have complete responsibility and authority to reject or accept a paper, and they will only 
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote 
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a 
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of 
Kazakhstan. 

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor 
and safeguard publishing ethics. 

 
Правила оформления статьи для публикации 

в журнале смотреть на сайте:  
 

www:nauka-nanrk.kz 
 

http://chemistry-technology.kz/index.php/en/arhiv 
 

ISSN 2518-1491 (Online), ISSN 2224-5286 (Print) 
 

Редакторы: М. С. Ахметова,  Г. Б. Халидуллаева, Д. С. Аленов 
Верстка на компьютере А.М. Кульгинбаевой 

 
Подписано в печать  08.06.2020. 

Формат 60х881/8. Бумага офсетная. Печать – ризограф. 
10,8  п.л. Тираж 300. Заказ 3. 

 
Национальная академия наук РК 

050010, Алматы, ул. Шевченко, 28, т. 272-13-18, 272-13-19 


