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ЧФ «ХАЛЫҚ»

В 2016 году для развития и улучшения качества жизни казахстанцев был 
создан частный Благотворительный фонд «Халык». За годы своей деятельности 
на реализацию благотворительных проектов в областях образования и науки, 
социальной защиты, культуры, здравоохранения и спорта, Фонд выделил более 
45 миллиардов тенге.

 Особое внимание Благотворительный фонд «Халык» уделяет образовательным 
программам, считая это направление одним из ключевых в своей деятельности. 
Оказывая поддержку отечественному образованию, Фонд вносит свой посильный 
вклад в развитие качественного образования в Казахстане. Тем самым способствуя 
росту числа людей, способных менять жизнь в стране к лучшему – профессионалов 
в различных сферах, потенциальных лидеров и «великих умов». Одной из 
значимых инициатив фонда «Халык» в образовательной сфере стал проект 
Ozgeris powered by Halyk Fund – первый в стране бизнес-инкубатор для учащихся 
9-11 классов, который помогает развивать необходимые в современном мире 
предпринимательские навыки. Так, на содействие малому бизнесу школьников 
было выделено более 200 грантов. Для поддержки талантливых и мотивированных 
детей Фонд неоднократно выделял гранты на обучение в Международной школе 
«Мирас» и в Astana IT University, а также помог казахстанским школьникам 
принять участие в престижном конкурсе «USTEM Robotics» в США. Авторские 
работы в рамках проекта «Тәлімгер», которому Фонд оказал поддержку, легли в 
основу учебной программы, учебников и учебно-методических книг по предмету 
«Основы предпринимательства и бизнеса», преподаваемого в 10-11 классах 
казахстанских школ и колледжей. 

 Помимо помощи школьникам, учащимся колледжей и студентам Фонд 
считает важным внести свой вклад в повышение квалификации педагогов, 
совершенствование их знаний и навыков, поскольку именно они являются 
проводниками знаний будущих поколений казахстанцев. При поддержке Фонда 
«Халык» в южной столице был организован ежегодный городской конкурс 
педагогов «Almaty Digital Ustaz. 

 Важной инициативой стал реализуемый проект по обучению основам 
финансовой грамотности преподавателей из восьми областей Казахстана, что 
должно оказать существенное влияние на воспитание финансовой грамотности и 
предпринимательского мышления у нового поколения граждан страны. 

 Необходимую помощь Фонд «Халык» оказывает и тем, кто особенно остро 
в ней нуждается. В рамках социальной защиты населения активно проводится 
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работа по поддержке детей, оставшихся без родителей, детей и взрослых из 
социально уязвимых слоев населения, людей с ограниченными возможностями, а 
также обеспечению нуждающихся социальным жильем, строительству социально 
важных объектов, таких как детские сады, детские площадки и физкультурно-
оздоровительные комплексы. 

 В копилку добрых дел Фонда «Халык» можно добавить оказание помощи 
детскому спорту, куда относится поддержка в развитии детского футбола и карате 
в нашей стране. Жизненно важную помощь Благотворительный фонд «Халык» 
оказал нашим соотечественникам во время  недавней пандемии COVID-19. Тогда, 
в разгар тяжелой борьбы с коронавирусной инфекцией Фонд выделил свыше 11 
миллиардов тенге на приобретение необходимого медицинского оборудования 
и дорогостоящих медицинских препаратов, автомобилей скорой медицинской 
помощи и средств защиты, адресную материальную помощь социально уязвимым 
слоям населения и денежные выплаты медицинским работникам.

В 2023 году наряду с другими проектами, нацеленными на повышение 
благосостояния казахстанских граждан Фонд решил уделить особое внимание 
науке, поскольку она является частью общественной культуры, а уровень ее 
развития определяет уровень развития государства. 

Поддержка Фондом выпуска журналов Национальной Академии наук 
Республики Казахстан, которые входят в международные фонды Scopus и 
Wos и в которых публикуются статьи отечественных ученых, докторантов и 
магистрантов, а также научных сотрудников высших учебных заведений и 
научно-исследовательских институтов нашей страны является не менее значимым 
вкладом Фонда в развитие казахстанского общества.

С уважением, 
Благотворительный Фонд «Халык»!
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Abstract. Rational use of associated petroleum gas is one of the priorities facing 
the oil and gas complex of the Republic of Kazakhstan. The obtained results on the 
conversion of a propane-butane mixture on synthesized polyoxide catalysts can serve 
as the basis for the development and creation of a technology for processing associated 
petroleum gas components into hydrocarbons of greater chemical significance, namely 
aromatic compounds. The composition of the catalytic system, the process conditions 
have been optimized, it allows to obtain the maximum possible amount of the target 
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product from gaseous hydrocarbons. The industrial implementation of this process 
will make it possible to rationally use associated petroleum gas, which will expand 
the raw material capabilities of the petrochemical sector. The process of oxidation of a 
propane-butane mixture in a catalytic system deposited on a natural support has been 
studied. Torgai white clay was chosen as a natural support. The effects of temperature, 
volumetric rate, composition of the active phase, the ratio of initial reaction mixtures 
on the reaction of partial oxidation were determined. Among the studied catalysts, 
MoCrGa with an active phase content of 1 % showed high activity in terms of the yield 
of reaction products of the partial oxidation of the propane-butane mixture, while the 
yield of benzene reached 83 %. The properties of the 1 % MoCrGa catalyst deposited 
on Torgai white clay were studied by XRPA, EM methods. According to the results 
of XRPA, there is a similarity in the structure of the 1 % MoCrGa/TWC catalyst and 
Torgai white clay. Since the catalysts are X-ray amorphous, they were studied by 
electron microscopy. The size of the catalyst was 10–20 nm; the phase composition of 
the resulting catalysts was also determined at temperatures of 723K, 823K; the activity 
of the 1% MoCrGa/TWC catalyst was directly related to the phase composition.

Keywords. Tоrgai white clay, propane-butane mixture, partial oxidation, natural 
clay, aromatic hydrocarbons
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Аннотация. Ілеспе мұнай газын ұтымды пайдалану Қазақстанның мұнай-газ 
кешенінің алдында тұрған басым міндеттердің бірі болып табылады. Пропан-
бутан қоспасының жартылай тотығуы синтезделген полиоксидті катализаторларда 
бойынша алынған нәтижелер ілеспе мұнай газының құрамдас бөліктерін химиялық 
құндылығы жоғары көмірсутектерге, атап айтқанда ароматты қосылыстарға өңдеу 
технологиясын әзірлеуге және құруғаа негіз бола алады. Каталитикалық жүйенің 
құрамы және газ тәрізді көмірсутек шикізатынан мақсатты өнімнің максималды 
мөлшерін алуға мүмкіндік беретін жартылай тотығу процесінің шарттары 
оңтайландырылған. Бұл процесті өнеркәсіптік іске асыру ілеспе мұнай газын 
ұтымды пайдалануға мүмкіндік береді, бұл мұнай-химия секторының шикізат 
мүмкіндіктерін кеңейтеді. Табиғи тасымалдағышқа қондырылған каталитикалық 
жүйеде пропан-бутан қоспасының жартылай тотығу процесі зерттелді. Табиғи 
тасымалдағыш ретінде Торғай ақ сазбалшығы таңдалып алынды. Жартылай тотығу 
реакциясына температураның, көлемдік жылдамдықтың, активті фаза құрамының 
және бастапқы реакциялық қоспа қатынастарының әсері анықталды. Зерттелген 
катализаторлардың ішінде пропан-бутан қоспасының жартылай тотығу реакциясы 
өнімдерінің шығымы бойынша белсенді фаза мөлшері 1 % MoCrGa катализаторы 
жоғары белсенділік көрсетті, бұл кезде бензол шығымы 83%-ға жетті. Торғай ақ 
сазбалшығына отырғызылған 1 %MoCrGa катализаторының қасиеттері РФА және 
ЭМ әдістерінің көмегімен зерттелді. РФА нәтижелері бойынша 1 % MoCrGa/
ТAСБ катализаторы және Торғай ақ сазбалшығының құрылымының ұқсастығы 
байқалды. Катализаторлар рентгеноаморфты болғандықтан электронды микроскоп 
әдісімен зерттелді. Катализатордың мөлшері 10–20 нм құрады, 723К және 823К 
температурадағы қалыптасқан катализаторлардың фазалық құрамы анықталып, 
1 %MoCrGa/ТАСБ катализаторының белсенділігінің фазалық құрамына тікелей 
байланысы көрсетілді. 

Түйін сөздер: Торғай ақ сазбалшығы, пропан-бутан қоспасы, жартылай 
тотығу, табиғи сазбалшық, ароматты көмірсутектер
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Аннотация. Рациональное использование попутного нефтяного газа является 
одной из приоритетных задач, стоящих перед нефтегазовым комплексом 
Казахстана. Полученные результаты по превращению пропан-бутановой смеси 
на синтезированных полиоксидных катализаторах могут послужить основой 
для разработки и создания технологии переработки компонентов попутного 
нефтяного газа в углеводороды большей химической ценности, а именно в 
ароматические соединения. Авторами отимизирован состав каталитической 
системы и условия проведения процесса, позволяющие получать максимально 
возможное количество целевого продукта из газообразного углеводородного 
сырья. Промышленная реализация данного процесса позволит рационально 
использовать попутный нефтяной газ, что расширит сырьевые возможности 
нефтехимического сектора. В работе исследован процесс парциального окисления 
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пропан-бутановой смеси в каталитической системе, нанесенный на природный 
носитель. В качестве природного носителя была выбрана Торгайская белая 
глина. Определено влияние температуры, объемной скорости, состава активной 
фазы и соотношения исходных реакционных смесей на реакцию парциального 
окисления. Среди исследованных катализаторов MoCrGa с содержанием 
активной фазы 1 % показал высокую активность по выходу продуктов реакции 
парциального окисления пропан-бутановой смеси, при этом выход бензола достиг 
83 %. Методами РФА и ЭМ исследованы свойства катализатора 1 %MoCrGa, 
нанесенного на торгайскую белую глину. По результатам РФА наблюдается 
сходство структуры катализатора 1 % MoCrGa/TБГ и торгайской белой глины. 
Поскольку катализаторы рентгеноаморфны, их исследовали методом электронной 
микроскопии. Размер катализатора составлял 10-20 нм, также определяли фазовый 
состав образующихся катализаторов при температурах 723К и 823К, активность 
катализатора 1%MoCrGa/ТБГ была напрямую связана с фазовым составом.

Ключевые слова: Тургайская белая глина, пропан-бутановая смесь, 
парциальное окисление, природная глина, ароматические углеводороды

 
Introduction
The effective use of hydrocarbon gas raw materials is one of the urgent problems. 

The basis of natural and associated gases is lower paraffins (Shorayeva, Massalimova 
et al., 2021). Gases from oil plants consist of C3-C4 paraffins and up to 40 % of their 
corresponding olefins. The light fraction of C2-C5 hydrocarbons, which is obtained as a 
by-product, has been unable to find its effective application in Kazakhstan.

To this day, the majority of C2-C5 hydrocarbons are used as compressed gas and 
household fuel (mainly propane-butane mixture). Valuable chemical products such as 
aromatic and aliphatic liquid hydrocarbons can be obtained from the light paraffins and 
olefins contained in the gasses from oil plants, therefore this problem never loses its 
relevance (Rasulov et.al., 2012; Tuktin et.al., 2020).

For the first time, the method of obtaining aromatic hydrocarbons from C3-
C5 low molecular weight paraffins was solved in the 1960s (Dorogochinsky et,al., 
1989). Aromatic compounds are formed by carrying out the following reactions: 
dehydrogenation → oligomerization of olefins → dehydrocyclization (benzene) → 
alkylation (toluene, xylene). In recent years, the widespread use of zeolite catalysts in 
the oil refining and petrochemical industry has influenced the improvement of catalytic 
processes. In particular, zeolite catalysts were distinguished by their high activity, 
selectivity and stability in the processes of cracking, hydrocracking, isomerization of 
paraffinic and aromatic hydrocarbons (Zaikovskii et.al., 2018; Tuktin et.al., 2019). In 
addition, they were highly active in oligomerization and dehydrocyclization processes 
of light paraffins and olefins into high molecular weight products (Baerlocher et.al, 
2007; Frey et al, 2011). An effective catalyst is needed for the conversion of C2-C5 
hydrocarbons into high molecular weight compounds. From this point of view, the 
attention of researchers has recently been drawn to pentasil-based zeolite. In general, 
the use of zeolites in various processes depends on their activity, selectivity, thermal 
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stability, mechanically resistant properties as shown above (Zaikovskii et.al., 2018; 
Gabrienko et.al., 2010). In the way of obtaining aromatic hydrocarbons from a propane-
butane mixture, some works have mainly studied haloaluminosilicate catalysts. Catalyst 
containing gallium provides process stability and increased activity (Vosmerikova et.al., 
2008; Bhan et.al., 2008). In this work, the influence of the nature of molybdenum, 
chromium, and gallium catalysts fixed on natural supports such as Torgai white clay 
(TWC) and reaction conditions on the yield of benzene formed during the partial 
oxidation of C3-C4 hydrocarbons was studied (Massalimova, 2019).

The aromatization of propane and other small alkanes offers a promising method for 
generating valuable aromatic products from saturated hydrocarbons (Vosmerikov et.al., 
2014; Caeiro et.al., 2006; Hagen et.al., 2000). In recent decades, extensive literature 
has addressed the mechanism of propane aromatization using metal-modified zeolites, 
primarily gallium (Ga) and zinc (Zn), aiming to enhance the efficiency of aromatization 
(Vosmerikov et.al., 2008 et.al., Vosmerikov et.al., 2019). The widely accepted reaction 
pathway involves propane dehydrogenation, forming an olefin, which then undergoes 
dehydrooligomerization and cyclization steps to produce aromatic molecules. The role 
of the metal component in the most commonly employed catalysts, based on gallium or 
zinc-modified high silica zeolites, remains a subject of debate. It may involve creating 
bifunctional sites for propane activation or enhancing the dehydrogenation function 
of the catalyst, facilitating easier hydrogen desorption as H2 (Hagen et.al., 2000; 
Vosmerikov et.al., 2019). 

Materials and basic methods
Research work was carried out in the temperature range of 573–873 K, contact time 

0.24–12s, volume speed 300–15000 h-1, with changes in the initial reaction mixture 
ranges C3-C4 14–80 %; O2 4–18 % (Massalimova, 2019).

1 %MoCrGa/TWC was used as a catalyst. Their preparation, carrying out the process 
of partial oxidation of C3-C4 hydrocarbons, identification of the products formed as a 
result of the reaction were carried out in the same conditions as described in the previous 
article (Massalimova, 2019).

Some physico-chemical properties of prepared catalysts were studied using electron 
microscope (EM) (EM-125K), X-ray phase analysis (XRPA) (diffractometer DRON-
4-07). In addition, the specific surface area and the pore volume of the catalysts were 
determined using the BET method. The studies were carried out using an EM-125K 
electron microscope using the method of single-stage carbon replicas with extraction, 
using microdiffraction, as well as the transmission method (suspension preparations). 
The shooting was carried out at different magnifications depending on the size of the 
particles. Replicas were sprayed in a VUP-5 installation. The carrier was dissolved in 
concentrated HF.

Results and discussion
During partial oxidation of C3-C4 hydrocarbons on MoCrGa/ TWC catalyst, it was 

shown that the reaction is multidirectional (cracking, dehydrogenation, isomerization, 
aromatization) and various organic compounds are formed (Massalimova, 2019). 
However, since the main goal of this article is to determine the ways to obtain benzene 
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products by changing the reaction conditions, we will focus only on the aromatization 
process. Partial oxidation of the propane-butane mixture was carried out in the fl ow-
catalytic installation PKU-1 (Figure 1).

Figure 1. Flow-catalytic installation PKU-1

Figure 2 shows the temperature (723–873K) of the product yield of benzene obtained 
during partial oxidation of propane-butane mixture on pure TWC and 10 % Mo/TWC, 
Cr/TWC, Ga/TWC catalysts. The yield of benzene does not exceed 0.3 % in catalysts 
used in the temperature range of 673–773K. As the process temperature increases to 
823–873K, the yield of benzene increases to 2.5 % in the pure support and catalytic 
system, while other structures such as methyl ethyl ketone, acetone, acetaldehyde and 
gas phase H2, С2Н4 are formed in the amount of 15–20 %.

Figure 2. Eff ect of temperature on the yield of benzene in supported and monocomponent catalysts.
Reaction conditions: С3-С4:О2:N2=7:1:4; W=7500h-1;
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Figure 3 shows the effect of the amount of active phase (1-, 5-, 10%MoCrGa/TWC) 
on the yield of benzene formed in the partial oxidation process of the propane-butane 
mixture on the MoCrGa/TWC catalyst. Comparing the used catalytic systems, high 
activity of 1 %MoCrGa was observed, and the yield of benzene increased to 83 %. With 
the increasing of the amount of active phase by 5–10 %, there are observed only traces 
of benzene among the products formed on MoCrGa/TWC catalysts.

Figure 3. Influence of catalyst composition on the amount of benzene in the catalyzate. Reaction 
conditions: С3-С4:О2:N2=7:1:4; Т=823К; W=750h-1;

In Figure 4, the influence of the volumetric rate on the partial oxidation process of 
the C3-C4 hydrocarbon mixture on the MoCrGa/TWC catalyst was studied. According 
to the figure, the yield of benzene was considered in the ratio of initial reaction mixture 
C3-C4:O2:N2=7:1:4, volumetric rates of 750h-1 and 7500h-1, temperature ranges of 
573K-823K. Benzene is not formed at the sharply increased volume rate of 7500 h-1. In 
the temperature range of 573K-723K, a trace of benzene is observed at a volumetric rate 
of 750 h-1, when the temperature is raised to 773K, the yield of benzene increases by 10 
%, and at 823K, its yield increases sharply and reaches 83 %.
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Figure 4. Effect of space velocity on the yield of benzene in the catalyzate on a 1% MoCrGa/TWC 
catalyst. Reaction conditions: С3-С4:О2:N2=7:1:4; 

 
Thus, it was observed that the temperature, volumetric rate, composition of the initial reaction mixture 

have a great influence on the yield of benzene formed during partial oxidation of propane-butane mixture. When 
the composition of the reaction mixture was C3-C4:O2:N2=7:1:4, the yield of benzene increased at a temperature 
of 823K. 

The 1 %MoCrGa/TWC catalyst, which showed a high activity in these  experiments, was studied by 
XRPA and EM methods. According to the XRPA method, the 1 %MoCrGa/TWC catalyst before the reaction 
consists of ɑ-quartz, X-ray amorphous (JCPDS 5-490), 3.52 and 7.01-kaolinite Al2[OH]4{Si2O5} (29-1488), 
which basically corresponds to the structure of Torgai white clay. Meanwhile, the diffractogram of the 
1%MoCrGa/TWC catalyst was formed pretreated in the reaction feed  at 623K and 823K are  similar to each other 
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Thus, it was observed that the temperature, volumetric rate, composition of the initial 
reaction mixture have a great influence on the yield of benzene formed during partial 
oxidation of propane-butane mixture. When the composition of the reaction mixture 
was C3-C4:O2:N2=7:1:4, the yield of benzene increased at a temperature of 823K.

The 1 %MoCrGa/TWC catalyst, which showed a high activity in these  experiments, 
was studied by XRPA and EM methods. According to the XRPA method, the 1 
%MoCrGa/TWC catalyst before the reaction consists of ɑ-quartz, X-ray amorphous 
(JCPDS 5-490), 3.52 and 7.01-kaolinite Al2[OH]4{Si2O5} (29-1488), which basically 
corresponds to the structure of Torgai white clay. Meanwhile, the diffractogram of 
the 1%MoCrGa/TWC catalyst was formed pretreated in the reaction feed  at 623K 
and 823K are  similar to each other and to the initial sample. All catalysts are X-ray 
amorphous. Therefore, phases not observed by XRPA can be detected by EM method. 
These two methods complement each other and describe the change of the catalyst 
composition depending on the effect of the reaction medium. Figure 5 shows that the 
initial 1%MoCrGa/TWC catalyst consists of large and densely packed particles. The 
rare reflections correspond to the Cr2O3 (JCPDS, 6-508) phase.

and to the initial sample. All catalysts are X-ray amorphous. Therefore, phases not observed by XRPA can be 
detected by EM method. These two methods complement each other and describe the change of the catalyst 
composition depending on the effect of the reaction medium. Figure 5 shows that the initial 1%MoCrGa/TWC 
catalyst consists of large and densely packed particles. The rare reflections correspond to the Cr2O3 (JCPDS, 6-
508) phase. 

 

Figure 5. Electron microscopy images of the initial  1% MoCrGa/TWC catalyst 
 

After testing at 623 K, the sizes  of the catalyst particles formed in  the reaction medium are 10-–20 nm 
and larger, and the dense, semi-transparent, symmetrical reflection-type phases of CrOOH (JCPDS, 20-312) and 
β-MoO3 (JCPDS, 37-1445) consists of a mixture (Figure 6a). Aggregates ε-Ga2O3 (JCPDS, 6-509) (Fig. 6b) and 
plate-type MoO(OH)2 (JCPDS, 9-161) (Fig. 6c) consisting of dense particles with a size of 10-20 nm and larger, 
diffuse new circular γ-MoC (JCPDS, 8-384) (Fig. 6d), hexagonal (Fig. 6e) MoC (JCPDS, 6-546) phases. 
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Figure 5. Electron microscopy images of the initial  1% MoCrGa/TWC catalyst

After testing at 623 K, the sizes of the catalyst particles formed in the reaction medium 
are 10–20 nm and larger, and the dense, semi-transparent, symmetrical reflection-
type phases of CrOOH (JCPDS, 20-312) and β-MoO3 (JCPDS, 37-1445) consists of 
a mixture (Figure 6a). Aggregates ε-Ga2O3 (JCPDS, 6-509) (Fig. 6b) and plate-type 
MoO(OH)2 (JCPDS, 9-161) (Fig. 6c) consisting of dense particles with a size of 10-20 
nm and larger, diffuse new circular γ-MoC (JCPDS, 8-384) (Fig. 6d), hexagonal (Fig. 
6e) MoC (JCPDS, 6-546) phases.
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detected by EM method. These two methods complement each other and describe the change of the catalyst 
composition depending on the effect of the reaction medium. Figure 5 shows that the initial 1%MoCrGa/TWC 
catalyst consists of large and densely packed particles. The rare reflections correspond to the Cr2O3 (JCPDS, 6-
508) phase. 
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and to the initial sample. All catalysts are X-ray amorphous. Therefore, phases not observed by XRPA can be 
detected by EM method. These two methods complement each other and describe the change of the catalyst 
composition depending on the effect of the reaction medium. Figure 5 shows that the initial 1%MoCrGa/TWC 
catalyst consists of large and densely packed particles. The rare reflections correspond to the Cr2O3 (JCPDS, 6-
508) phase. 

 

Figure 5. Electron microscopy images of the initial  1% MoCrGa/TWC catalyst 
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β-MoO3 (JCPDS, 37-1445) consists of a mixture (Figure 6a). Aggregates ε-Ga2O3 (JCPDS, 6-509) (Fig. 6b) and 
plate-type MoO(OH)2 (JCPDS, 9-161) (Fig. 6c) consisting of dense particles with a size of 10-20 nm and larger, 
diffuse new circular γ-MoC (JCPDS, 8-384) (Fig. 6d), hexagonal (Fig. 6e) MoC (JCPDS, 6-546) phases. 
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Figure 6. Electron microscopy images of the 1% MoCrGa/TWC catalyst after testing at  623К.

Meanwhile, at 823K, the semi-transparent release with a volume of 10-20 nm and 
larger is a concentrated, often symmetrical, set of reflections: Ga2O3 (JCPDS, 6-529), 
Cr3O4 (JCPDS, 12–559), Mo0.42C0.58 ( Phases such as JCPDS, 36–863), Mo3O5 (JCPDS, 
20–754) (Fig. 7a), a large set of aggregate reflections consisting of dense particles with 
a size of 6–10 nm Cr0.17Mo0.83O2 (JCPDS, 34–473) and MoС (JCPDS, 6–546) (Fig. 
7b) and a dense particle aggregate consisting of a mixture of CrO (JCPDS, 6–532), 
Cr0.17Mo0.83O2 (JCPDS, 34–473) with a size of 10–20 nm (Fig. 7c). 
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Figure 7. Electron microscopy images of the 1 % MoCrGa/TWC catalyst after testing  at 823К. 

 
The specific surface area and pore volumes of synthesized catalysts are shown in the Table 1. The 

values of the surface area and the pore volume of Torgai clay is lower than 1 %-, 5 %-, 10 % MoCrGa/TWC. 
 

Table 1. Specific surface area and pore volumes of synthesized catalysts in partial oxidation of the propane-butane mixture. 
№ Catalysts Specific surface, m2/g Pore volumes VADSmax, ml/g 
1 Torgai white clay (TWC) 14,51 155.53 
2 1%Мо+1%Cr+1%Ga/ TWC 16.80 303.61 
3 5%Мо+5%Cr+5%Ga/ TWC 21.29 297.47 
4 10%Мо+10%Cr+10%Ga/ TWC 36,8 172,76 

 
The specific surface area of 1 %MoCrGa/TWC catalyst is 16,80 m2/g and the pore volume is 303,61 

ml/g. These results obtained using the BET method are considered sufficient for the use them in the catalytic 
processes. 

Conclusion 
In conclusion, the decrease of the particle size of the catalyst due to the reaction medium effect (from 20 

to 6 nm) affects the formation of spinel in the form of CrMoO2 in its content. It was determined that the increase 
in the yield of benzene in the catalytic process is related to the above change.Thus, it was shown that the high 
activity of the 1 %MoCrGa/TWC catalyst is directly related to the formation of new phase compositions and 
changes in their particle sizes, as shown by the results of XRPA and EM studies. 
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Figure 7. Electron microscopy images of the 1 % MoCrGa/TWC catalyst after testing at 823К.

The specific surface area and pore volumes of synthesized catalysts are shown in the 
Table 1. The values of the surface area and the pore volume of Torgai clay is lower than 
1 %-, 5 %-, 10 % MoCrGa/TWC.

Table 1. Specific surface area and pore volumes of synthesized catalysts in partial oxidation of the 
propane-butane mixture.

№ Catalysts Specific surface, m2/g Pore volumes VADSmax, ml/g
1 Torgai white clay (TWC) 14,51 155.53
2 1%Мо+1%Cr+1%Ga/ TWC 16.80 303.61
3 5%Мо+5%Cr+5%Ga/ TWC 21.29 297.47
4 10%Мо+10%Cr+10%Ga/ TWC 36,8 172,76
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The specific surface area of 1 %MoCrGa/TWC catalyst is 16,80 m2/g and the pore 
volume is 303,61 ml/g. These results obtained using the BET method are considered 
sufficient for the use them in the catalytic processes.

Conclusion
In conclusion, the decrease of the particle size of the catalyst due to the reaction 

medium effect (from 20 to 6 nm) affects the formation of spinel in the form of CrMoO2 
in its content. It was determined that the increase in the yield of benzene in the catalytic 
process is related to the above change.Thus, it was shown that the high activity of the 1 
%MoCrGa/TWC catalyst is directly related to the formation of new phase compositions 
and changes in their particle sizes, as shown by the results of XRPA and EM studies.
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