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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-me 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 lndex-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 lndex-ке енуі біздің қоғамдастық үшін 
ең өзекті және беделді химиялық ғылымдар бойынша контентке адалдығымызды білдіреді.

HAH PK сообщает, что научный журнал «Известия HAH PK. 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 Socia1 Sciences Citation Index и the Arts & Humanities Citation Index. 
Web of Science предлагает качество в глубину контента для исследователей, авторов, 
издателей и учреждений. Включение Известия HAH PK в Emerging Sources Citation Index 
демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по химическим наукам для нашего сообщества.
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CRACKING OF VACUUM GAS OIL ON HLAY-CONTAINING CATALYSTS WITH 

A MULTICOMPONENT MATRIX BASED ON MONTMORILLONITE 

Abstract: it is shown that additions of montmorillonite in the Na form contribute to a significant 

increase in the crushing strength of granules of cracking catalysts while maintaining their activity in the yield 

of gasoline. Comparison of the results of the cracking of vacuum gas oil on catalysts of the same composition, 

but with and without a NaMM binder, showed that the introduction of NaMM does not significantly affect the 

gasoline yield. Samples of catalysts of the same composition, but with the use of Al-pillared MM in Na- and 

CaNa-exchangeable forms and with the addition of NaMM as a binder, showed similar activity in the yield of 

gasoline, which is explained by the similarity of the elemental compositions, textural and acidic properties of 

the studied catalysts. The maximum yield of gasoline, equal to 44.8% and light gas oil of 14.6%, was obtained 

for Al (2.5) CaNaHMM + NaMM with the addition of a binder and crushing strength of 60-70 N / cm2. 

Key words: catalytic cracking, montmorillonite, binder, strength, gasoline, zeolite, acidity, vacuum 

gas oil. 

Introduction. The matrixes of modern 

zeolite-containing cracking catalysts are 

multicomponent systems that should provide a 

number of requirements for the catalysts during 

their operation: high activity, optimal porous 

structure and specific surface area, thermal stability, 

abrasion resistance [1,2]. One of the promising 

directions for optimizing the composition of 

cracking catalysts is the use of layered 

aluminosilicates and their modified forms as a 

component of the matrix of cracking catalysts [3-5]. 

In cracking catalysts developed in Russia, Tagan 

montmorillonite (natural bentonite) is used as a 

matrix component, which has binding properties, 

increasing strength and increasing the bulk density 

of the catalyst [6,7]. The high heat capacity of 

montmorillonite (MM) promotes heat removal from 

the zeolite component at the regeneration stage, 

which leads to increased thermal stability of the 

catalyst [8]. New highly efficient zeolite-containing 

VG cracking catalysts with the production of 

gasoline were developed using columnar aluminum 

montmorillonites, which are characterized by an 

increase in the number of mesopores and an increase 

in thermal stability [9, 10]. However, the strength of 

such catalysts does not always meet the 

requirements of their operation in apparatuses with 

a moving and fluidized bed in the processes of 

cracking of crude oil. Obviously, the strength 

characteristics of the catalysts are determined by 

their composition and texture properties - porosity, 

specific surface area, size of primary particles. 

However, in the literature there are very few works 

devoted to the study of the relationship of strength 

with the physicochemical properties of catalytic 

systems [11,12]. 

The purpose of the work is to develop new 

effective additives to increase the mechanical 

strength of cracking catalysts based on natural clays 

and zeolites for processing vacuum gas oils in the 

fuel direction and to identify the relationship of 

strength with the characteristics of the developed 

cracking catalysts. 

Materials and methods. To prepare 

cracking catalysts, montmorillonite in CaNa form 

was used from the Zapadnyi quarry, 12 horizons, 

containing the following alkaline cations: Na+> 35 

mg / equiv, Ca ++ ≥28 mg / equiv, Mg ++ = 24 mg / 

equiv, K + ~ 4,0 mg/equiv. As a raw material for 

cracking, VG from LLP Pavlodar Oil Chemistry 

Refinery, trade mark B, tipe 2 was used with a 

density of 907.7 kg / m3, with a boiling end of 

5100С, kinematic viscosity at 500С equal to 27.05 

mm2 / s, sulfur content of 1.5 mass%, pour point 

300С and coking ability of 0.14 wt.%. 

Montmorillonite activated with a H2SO4 solution 

and pillared Al, as well as the 

mailto:akurpekova@mail.ru
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synthesis of zeolite Y modified with lanthanum, 

were carried out by known methods [13, 14]. 

The elemental composition of the catalysts 

was determined by X-ray fluorescence spectroscopy 

(INCA - Energy 450 at SEM JSM6610LV, JOEL, 

Japan). The textural characteristics of the catalysts 

were determined from isotherms of low-

temperature adsorption and desorption of nitrogen 

on an Accusorb instrument (BET method). The 

crush strength of the catalyst granules was 

determined by the compression method 

(“Prochnomer of catalysts” PK-21-015). The 

acidity of the catalysts was determined by the 

thermal desorption of ammonia [15]. 

The catalytic activity of the samples was 

determined on a laboratory flow-through 

installation, corresponding to the standard, with a 

fixed catalyst layer with a volume of 40 ml in the 

temperature range 480-5500C. When the catalyzate 

was distilled, a fraction of gasoline Tb. b. - 2050С and 

light gas oil fraction 205-3500С were taken. 

Cracking products were analyzed by GLC with a 

flame ionization detector and a capillary column 

100 m long; temperature 2500С; carrier gas - helium 

(Chromos GC-1000). 

Results and discussion. It was shown 

earlier that the use of montmorillonite in the Na-

form as a matrix and a binder of zeolite-containing 

catalysts leads to an increase in their crushing 

strength [16, 17]. Montmorillonite has binding 

properties due to its ability to swell in water, and 

depending on hydration conditions, it becomes 

possible to control the particle size distribution and 

the porous structure of the material, which plays a 

decisive role in the formation of the strength 

properties of catalysts [18,19], and a composition of 

montmorillonite, hydroxide aluminum and 

amorphous aluminosilicate forms a wide-porous 

matrix with high strength and ductility. [1]. In this 

regard, in order to increase the strength of cracking 

catalysts, various amounts of the initial MM in the 

Na form were introduced into the zeolite-containing 

catalysts based on pillared MM as an additive 

(Table 1). From table 1 it is seen that the strength of 

Al(2,5)NaHMM + HLaY + NaMM catalysts 

increases significantly with the introduction of 

NaMM. The optimal amount of NaMM additive is 

10 mass%. With an increase in the calcination 

temperature of this catalyst, an increase in strength 

is observed, which reaches a maximum value (223.4 

N/ sm2) at 6000C. A further increase in the amount 

of introduced NaMM to 15 and 20 wt.% reduces the 

strength of the catalysts at all studied calcination 

temperatures. 

Table 1 - Strength characteristics of Al(2,5)NaHMM + HLaY catalysts with the addition of 

NaMM depending on the calcination temperature 

№ Sample Calcination temperature, 0С Strength, N/sm2

1 Al(2.5)NaHMM+HLaY+10% NaMM 500 174,5 

550 188,1 

600 223,4 

650 219,1 

2 Al(2.5)NaHMM+HLaY+15% NaMM 500 51,3 

550 66,6 

600 106,3 

650 61,5 

3 Al(2.5)NaHMM+HLaY+20% NaMM 500 46,5 

550 67,8 

600 71,7 

650 83,5 

600 70,3 

650 77,4 

From fig. 1, where the effect of NaMM additives on the strength of Al (2.5) NaHMM + HLaY is clearly 

shown, it is seen that the introduction of 10% NaMM increases the strength of the catalyst by 1.9–2.3 times 

at Tcalc = 550–6500С compared to the strength of the catalyst without NaMM. 
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Figure 1 - Effect of calcination temperature on the strength of Al (2.5) NaHMM + HLaY catalysts 

with the addition of 10% NaMM 

For the cracking tests, catalysts calcined at the 

optimum temperature and sufficiently strong were 

taken. So, Al (2.5) NaHMM + HLaY + 10% NaMM 

catalyst was calcined at 6000C, while the strength of 

the catalyst increased to 223.4 N/sm2 and VG was 

cracked at temperatures of 500 and 5500C with 

determination of material balance and 

chromatographic analysis of the resulting gasoline 

fractions. From the table1 and Figure 2 shows that a 

large amount (42.5%) of gaseous hydrocarbons is 

formed on this catalyst at 500°C, which decreases 

with an increase in cracking temperature to 5500C. 

The gasoline yield at 5000C is 42.0%, light gas oil 

5.5%. With an increase in cracking temperature, the 

yield of gasoline decreases to 39.5%, and light gas 

oil increases to 15.8%. Under these conditions, a 

decrease in the yield of gaseous hydrocarbons to 

28.8% is observed. 

Table 2 - Material balance of VG cracking on Al (2,5) NaHMM + HLaY + 10% NaMM catalyst 

at various cracking temperatures 

VG raw materials The yield of products, wt.% 

Cracking temperature 5000С 5500С 

Gas 42,5 28,8 

Gasoline (b.b.-2050С) 42,0 39,5 

Light gas oil (205-3500С) 5,5 15,8 

Heavy gas oil (> 3500С) 5,8 8,6 

Coke 2,9 4,5 

Losses 1,3 2,8 

Product Amount 100 100 

Comparison of the results of VG cracking on 

catalysts of the same composition, but with and 

without NaMM binder, showed that the introduction 

of NaMM does not significantly affect the gasoline 

yield. A slight increase in the yield of gasoline by 

1.5% to 43.5% on Al(2,5)NaHMM + HLaY, which 

we found earlier [5], may be due to differences in 

the composition of the cracked VG. In the 

composition of cracked gasoline obtained on Al 

(2,5) NaHMM + HLaY + 10% NaMM, the amount 

of aromatic hydrocarbons increases with an increase 

in the temperature of calcination of the catalyst 

(Table 3). At Tcalc = 5500С, the introduction of 10% 

NaMM leads to an increase in the content of isomers 

in gasoline and reducing the amount of olefins. 
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Table 3 - The group composition of gasoline cracking VG on Al (2,5)NaHMM + HLaY + NaMM 

at different temperatures of calcination of the catalyst. 

Calcination 

temperature, 0С 

Hydrocarbon composition 

Paraffin 

naphthenic 

HC,% mass 

Isoparaffins,% 

mass 

Olefins,% 

mass. 

Aromatics,% 

mass. 

Octane 

number(o.n., 

motor method) 

500 14,0 20,39 38,07 11,25 59,0 

550 14,41 30,36 24,38 14,75 57,5 

600 10,28 21,67 45,59 13,65 64,0 

 The influence of the exchange form of MM on the 

activity of the cracking catalyst while maintaining 

its composition and method of preparation was 

studied using MM as a CaNa form (a new batch of 

MM from horizon 12). From table 4 it is seen that 

the gasoline yield on this catalyst ranges from 44.8-

43.6% at cracking temperatures of 480 and 5000C, 

which almost completely coincides with the 

gasoline yields on catalysts of the same 

composition, but based on NaHMM when cracking 

two different lots of VG, varying in composition 

(table 2). 

Table 4 - Material balance of VG cracking on Al (2,5) CaNaHMM + НLaY + NaMM 

catalyst at various temperatures 

VG raw materials The yield of products, mass.% 

Cracking temperature 4800С 5000С 

Gas 28,3 28,9 

Gasoline (s.b.-2050С) 44,8 43,6 

Light gas oil (205-3500С) 14,6 13,5 

Heavy gas oil (> 3500С) 7,3 8,4 

Coke 2,9 3,3 

Losses 2,1 2,3 

Product Amount 100 100 

Based on the results obtained, it can be concluded 

that two samples of catalysts of the same 

composition, but using Al-pillared MM in two 

different exchange forms, showed similar activity in 

gasoline yield. In connection with the foregoing, it 

was of interest to compare the elemental 

composition, textural and acid properties of the 

studied catalysts using activated and pillared 

Tagansky MM in various exchange forms in the 

composition of the finished catalyst. From the data 

in Table 5, it can be seen that, thanks to the stages 

of activation and pillaration, Na is completely 

removed from the initial MM regardless of the 

exchange form. With the introduction of НLaY, the 

elemental composition of two MM-based catalysts 

in different exchange forms is practically the same 

(Table 5). 

Table 5 - Elemental composition of zeolite-containing (НLaY) composite catalysts based 

on Al -pollarized NaHMM and) CaNaHMM (wt.%) 

Sample C O Na Mg Al Si Ca Fe La 

Al(2.5) NaHMM 11,23 54,63 - 1,19 11,87 20,83 - 0,25 - 

Al(2.5) NaHMM+НLaY 10,51 53,66 0,48 0,79 10,80 21,53 - 0,21 2.03 

Al(2.5) NaHMM+НLaY 10,41 52,40 0,37 0,91 11,28 22,69 - 0,20 1,75 

Al(2.5) СaNaHMM 11,02 51,68 - 1,32 11,52 23,59 0,31 0,56 - 

Al(2.5) СaNaHMM+ 

НLaY 

11,49 51,20 0,24 0,84 13,42 20,56 0,22 0,30 1,73 

Al(2.5) СaNaHMM+ 

НLaY+10% NaMM 

11,10 50,59 0,34 0,86 15,29 19,68 0,25 0,21 1,68 
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A comparison of the textural properties of NaMM 

and CaNaMM catalysts shows that the pillaration 

and introduction of zeolite provide an increase in 

specific surface area and total pore volume (Table 

6). It has been observed that Al (2.5) CaNaHMM + 

HLaY has a higher specific surface and pore volume 

than Al (2.5) NaHMM + HlaY-catalyst. In the 

NaHMM-based catalyst, the amount of mesopores 

is approximately 2 times more than of micropores. 

A similar pattern is observed in the case of a catalyst 

based on CaNaHMM. Due to the large amount of 

pillared MM and the addition of NaMM to the 

composition of the proposed catalysts, the amount 

of mesopores in them is almost 2 times higher than 

micropores, which facilitates the activation and 

cracking of large hydrocarbon molecules compared 

to microporous zeolites [18–20]. 

Table 6 - Comparative texture and adsorption characteristics of the catalysts 

A comparison of the acidic properties of 

optimal catalysts based on montmorillonites of 

various horizons is given in Table 7, from which it 

can be seen that the total content of acid centers 

(a.c.), and also in particular the relative and absolute 

amount of strong a.c.  of the NaHMM-based catalyst 

is 1.7 times superior to the catalyst supported on 

activated MM in CaNa form. 

Table 7 - Acidic properties of optimal cracking catalysts 

Sample Content 

a.c.

Acid centers 

Weak 

<2000С 

Medium 

200-3000С

Strong 

>3000С

Total acidity 

Al(2,5)СаNaHMM+HLаY % 43,52 36,48 20 100 

Mkmol 

NH3/г 

161,64 135,50 74,28 371,43 

Al(2,5)NaHMM+HLaY % 36,3 30,1 33,6 100 

Mkmol 

NH3/г 

139,6 115,4 129,2 384,5 

Conclusion. From the results obtained, it is 

seen that the introduction of NaMM as a binder into 

the zeolite-containing cracking catalyst 

significantly increases the crush strength of the 

granules while maintaining the activity of the 

catalyst in terms of the yield of gasoline during VG 

cracking. It was shown that zeolite-containing 

catalysts based on MM pillared with aluminum in 

the Na and CaNa forms are characterized by a close 

elemental composition, texture and acid properties, 

which leads to their close activity in VG cracking 

with the formation of gasoline. The maximum yield 

of gasoline equal to 44.8% and light gas oil 14.6% 

was obtained on Al (2,5) CaNaHMM + NaMM with 

the addition of a binder and crushing strengthmore 

than 60-70 N/ sm2. 
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Sample 

Ssp., 

m2/g 

Total pore 

volume, sm3 / 

g 

R, Å The relative amount,% 

Micropores 

0-20 Å

Mesopores 

20-80 Å

Al(2,5)NaHMM 316,9 0,193 10,0-72,0 35,5 64,5 

Al(2,5)NaHMM+HLaY 231,7 0,144 11,0-73,0 35,1 64,9 

Al(2,5)NaHMM 

(after experience) 

190,6 0,132 11,0-70,0 31,0 69,0 

Al(2,5)CaNaHMM 198,9 0,2072 11,2-72,5 36,8 63,2 

Al(2,5)CaNaHMM+HLaY 247,1 0,2014 12,0-71,5 42,4 57,6 

Al(2,5)CaNaHMM+HLaY+1

0% NaMM 

249,7 0,2102 11,0-70,5 39,9 60,1 
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МОНТМОРИЛЛОНИТ НЕГІЗІНДЕ МУЛЬТИКОМПОНЕНТТІ МАТРИЦАСЫ БАР HLaY-

ҚҰРАМДЫ КАТАЛИЗАТОРЛАРДАҒЫ ВАКУУМДЫ ГАЗОЙЛДІҢ КРЕКИНГІСІ 

Аннотация: Na формасындағы монтмориллонит қоспа ретінде крекинг катализатор 

түйіршіктерінің сыну беріктігін едәуір арттыруға ықпал ететіні, сонымен қатар олардың бензин 

шығымдылығындағы белсенділігін арттыратындығы көрсетілген. ММ-нің алмастырылатын түрінің 

крекинг катализаторының белсенділігіне оның құрамын және дайындау әдісін сақтай отырып әсер етуі 

CaNa түрінде ММ-ны мысалға ала отырып зерттелді (12 горизонттан ММ жаңа партиясы). NaMM 

қоспасының оңтайлы мөлшері 10 масса % құрайды. Al(2,5)NaHMM+HLaY+NaMM-катализаторында 

бензин шығыны 480 және 5000С крекинг температурасында 44,8-43,6% аралығында болады, бұл бірдей 

құрамдағы катализаторлардағы бензин шығымымен толығымен сәйкес келеді, бірақ NaHMM негізінде 

крекингке құрамы жағынан әр түрлі екі түрлі ВГ партиясы қолданылған. 

Осы катализатордың қыздыру температурасының жоғарылауымен беріктілігінің жоғарылауы 

байқалады, ол максималды мәнге (223,4 Н/см2) 6000С жетеді. ВГ крекингінің нәтижелерін бірдей 

құрамдағы катализаторларды салыстырғанда NaMM байланыстырғышсыз және NaMM енгізу 

катализаторлардың беріктігін арттыратындығын және бензиннің шығымдылығына айтарлықтай әсер 

етпейтінін көрсетті. NaMM қосқанда Al (2.5) NaHMM + HLaY-катализатордың беріктілігі NaМM жоқ 

катализатормен салыстырғанда Tпрок. = 550-6500C күшін 1,9-2,3 есе арттырады.  

Na және CaNa алмасу формаларында және байланыстырғыш ретінде NaMM қоспалары бар Al-

пиллалирленген MM қолдана отырып сол құрамдағы катализаторлар сыналды Үлгілерде 

катиондардың құрамына қарамастан, бензиннің шығымдылығында ұқсас белсенділік көрсетілді. Екі 

алмасу формасында Na және CaNa монтмориллониттерге негізделген цеолитті катализаторлардың 

элементтік құрамы, текстуралық және қышқылдық қасиеттері, ВГ крекингісінде бензин алыну 

белсенділігінің жақындықтары көрсетілген.  

MM алмасу формасына қарамастан дайын катализатордан активтеу және пиллалирлеу 

сатыларына байланысты Na толығымен жойылатындығы анықталды. Al (2.5) NaHMM + HLaY 

катализаторына қарағанда Al(2,5)CaNaHMM + HLaY-нің меншікті бетінің ауданы мен кеуектің көлемі 

жоғары екендігі атап өтілген. 

Түйін сөздер: каталитикалық крекинг, монтмориллонит, байланыстырғыш, беріктілік, жанар 

май, цеолит, қышқылдық, вауумды газойль. 
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КРЕКИНГ ВАКУУМНОГО ГАЗОЙЛЯ НА HLaY-СОДЕРЖАЩИХ КАТАЛИЗАТОРАХ 

С МНОГОКОМПОНЕНТНОЙ МАТРИЦЕЙ НА ОСНОВЕ МОНТМОРИЛЛОНИТА 

Аннотация: показано, что добавки монтмориллонита в Na-форме способствуют 

значительному увеличению прочности гранул катализаторов крекинга на раздавливание при 

сохранении их активности в отношении выхода бензина. Влияние обменной формы ММ на активность 

катализатора крекинга при сохранении его состава и способа приготовления изучено на примере ММ 

в форме CaNa (новая партия ММ из горизонта 12). Оптимальное количество добавляемого NaMM 

составляет 10 мас.%. На Al (2,5) NaHMM+HLaY+NaMM - катализаторе выход бензина на этом 

катализаторе колеблется в пределах 44,8-43,6% при температурах крекинга 480 и 5000С, что 

практически полностью совпадает с выходами бензина  на катализаторах такого же состава, но на 

основе  NaHMM при крекинге двух различных партий ВГ, различающихся по составу. 

С повышением температуры прокалки этого катализатора наблюдается рост прочности, 

которая достигает максимального значения (223,4 Н/см2) при 6000С. Сравнение результатов крекинга 

вакуумного газойля на катализаторах одинакового состава, но со связующим  NaMM и без него 

показал, что введение NaMM  не оказывает существенного влияния на выход бензина. Добавление 

mailto:akurpekova@mail.ru
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NaMM увеличивает прочность катализатора Al (2,5) NaHMM + HLaY в 1,9–2,3 раза при Tпрок. = 550-

6500С по сравнению с прочностью катализатора без NaMM. 

Образцы катализаторов одинакового состава, но с использованием Al-пилларированного ММ 

в Na- и   CaNa - обменных формах  и с добавками NaMM  в качестве связующего проявили близкую 

активность  по выходу бензина, что объясняется  близостью элементных  составов, текстурных и 

кислотных свойств  изученных катализаторов. 

Сопоставление текстурных свойств катализаторов на основе NaММ и CaNaMM показывает, 

что пилларирование и введение цеолита обеспечивают рост удельной поверхности и общего объема 

пор. Замечено, что Al (2,5)CaNaHMM+ HLaY имеет более высокую удельную поверхность и объем 

пор, чем Al(2,5)NaHMM+HLaY- катализатор. 

Ключевые слова: каталитический крекинг, монтмориллонит, связующее, прочность, бензин, 

цеолит, кислотность, вакуумный газойль. 
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