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ZEOLITE CONTAINING (HY+HZSM-5) CATALYST  
ON PILLARED Al-MONTMORILLONITE FOR CRACKING 

OF WEIGHTED VACUUM GAS OIL 
 
Abstract. Data on efficiency of bizeolite HY + HZSM aluminum pillared catalysts on montmorillonite in the 

cracking of weighted vacuum gas oil and correlations of catalysts activities with their physico-chemical 
characteristics are given. The content of each zeolite was 15%. The weight ratio of zeolite HY and HZSM is 1:1. 
Used HY and HZSM-5 zeolites had silica modulus equal to 38 and 51 respectively. The carrier of zeolite catalyst 
was Al-pillared Tagan montmorillonite in Na-form without preliminary acid activation. Concentration of pillared 
agent - oligomeric aluminum hydroxocomplex was 2.5 and 5.0 mmol Al3+/g NaMM. The catalyst was prepared by 
mechanical mixing of matrix and zeolite. The cracking was carried out in standard laboratory apparatus with 40 ml 
of catalyst in the temperatures range 500-5500C. To determine the structural characteristics of catalysts there were 
used methods: BET, XRD, temperature programmed desorption (TPD) of ammonia, temperature programmed 
reduction (TPR) catalyst with hydrogen. Gasoline and cracking gases were analyzed by gas-chromatogram. 

It is shown that the quantity of gasoline (17%) and light gas oil (37%) formed on HY - sample exceeds data on 
HZSM-contact (9 of 30%, respectively). The amount of gaseous products formed over the HZSM - 5 catalyst is 
more than 2 times higher than the quantities of gases on the HY - containing catalyst. 

On the base of the ammonia TPD data it was concluded that the increased gas production on HZSM - catalyst is 
responsible for big compared to HY - zeolite total acidity of the contact (274 and 250 umol NH3/g, respectively) and 
a large quantity(28%) of strong acid sites. We found that Al (5.0)NaMM + HZSM-5 zeolitе catalyst is responsible 
for the strong aromatization of hydrocarbons. 

HY + HZSM bizeolites catalyst on Al (2.5) NaMM support has high specific surface area and a large number of 
micropores (67.1%) defined by narrow porous zeolite HZSM -5 compared with HY -zeolite. Increasing of cracking 
temperature to 6000C results in a 35.6% yield of the gas phase to the feed raw material. 45% propylene and 17.8% 
butenes and iso-butene were determined in the gas phase. 

Key words: cracking, catalyst, montmorillonite, matrix, pillaring. 
 

Introduction 
 

At present, it produces about 500 tonnes of cracking catalysts for various purposes in the world, 
which control 95% of market catalysts [1,2]. From the beginning of the 90s the world's leading oil 
companies are developing a process of deep catalytic cracking, the most cost-effective process for 
producing light olefins (mainly, propylene and butylene) from various hydrocarbon feed stocks. The 
distinctive sign of this process is primarily the use of new zeolite containing cracking catalysts. A 
necessary component of such catalysts is zeolites of ZSM-5 type. 
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It is generally recognized that pentasils sorption properties depend both on the diameter and shape of 
the channels. [3-6]. Specificity of the geometry, the high density of the crystalline lattice, a high molar 
ratio of SiO2/Al2O3, high thermal stability of the frame (~ 14000C) are of great interest and determine the 
extensive use of high-silica zeolites in petrochemical processes [5-9]. 

The ability of pentasils to easily adsorb and selectively split (selective cracking) of normal paraffins 
structure make these zeolites perspective cracking catalysts as individual hydrocarbons and highly 
paraffinic petroleum fractions [9-15]. High thermal resistance of HZSM - 5 zeolites can be used in the 
process of deep catalytic cracking to produce light olefins [12,13]. 

The basis of the technology production of zeolites containing catalysts [14-20] consist of a number of 
principles, have influence on their catalytic properties: a balanced activity of zeolites Y and ZSM-5 in the 
catalyst structure; the use of semi-synthetic matrix using natural bentonite clay; activity matrix which can 
be regulate by changing the ratio of protoned and aprotoned acid sites. 

The composition of bizeolite catalyst includes two types of zeolites. Zeolite HY, with a faujasite 
structure with a size of input windows 0.74 nm performs cracking of C14-C20 and higher hydrocarbons 
forming the gasoline range hydrocarbons (C7-C8). However, the high rate of hydrogen redistribution 
reactions on zeolites Y negative influence on the formation of olefins. For secondary cracking of 
hydrocarbons C7-C8 into the catalyst composition zeolite HZSM-5 is introduced. Balanced activity of the 
zeolite catalyst components, it is possible to increase the yield of C7-C8 olefins while maintaining 
sufficiently high yield of high-octane gasoline [14-20]. 

For example of the cracking of higher alkanes in [19,20] the role of each component of bizeolite 
catalyst was shown. It is proved that on the catalysts with an inert matrix, the selectivity of the normal 
structure of hydrocarbons significantly increases. On a matrix with a relatively high acid properties 
increases selectivity of low molecular weight C3 to C5 alkanes and C4-C5 iso-alkanes. The yield of olefins 
increase in two times, the formation of which is determined by the HZSM-5 zeolite in the catalyst of deep 
catalytic cracking. Ultrastable zeolite Y is responsible for the selective production of iso-paraffins and 
aromatic hydrocarbons. In the cracking of real vacuum gas oil, the higher acidity of the matrix is, the 
higher the yield of C2-C4 olefins is. 

From the literature data it can be concluded that the direction of the cracking reaction is defined by 
the catalyst composition and the conditions of the process. Increasing the yield of the gas phase can be 
achieved by introduction of HZSM-5 - zeolite in the catalyst cracking and increased temperature. The aim 
of this work was to study the efficiencies bizeolite HY + HZSM-5 catalysts with a weight ratio of zeolites 
(1: 1) on Al pillared Tagan montmorillonite in catalytic cracking of vacuum gas oil (VG) and the 
determination of the correlation of activities with the physico-chemical characteristics of catalysts. 

Experimental 
Al-pillared clays with composition of 5.0 and 2.5 mmol Al3+ /g NaMM were prepared. Synthesis of 

oligomeric aluminum hydroxocomplex [Al13O4(OH)24(H2O)12]7+(Al13
7+) was carried out as described in 

[21] by hydrolysis AlCl3 with NaOH aqueous solution until a final pH = 4.5. Pillared material is washed 
from the Cl - ions. Wet pillared material is mixed with HY and HZSM-5 - zeolite (15 wt%) was formed 
into pellets, dried overnight at room temperature, then at 1500 C (2 hours) and 5500C (2 hours). The 
catalyst was tested in the cracking VG Pavlodar petrochemical plant (PPCP). 

Cracking was carried out in a laboratory flow installation fixed bed at various flow rates. The fraction 
of gasoline Tb.b-2050C and light gas oil (LG) T=205-3500C. The activity of the catalyst was evaluated by 
the yield of gasoline and the sum of light products. Gasoline and cracking gases were analyzed by gas-
chromatogram. The gas chromatograph was performed on products "Chrom-5" with column (3.5 0,003 
m), filled by fluorinated alumina company (USA) «Supelco» (USA). Gasoline samples were analyzed by 
gas-liquid chromatography by ASTM D 6729-04, on a Kristalluх - 4000 M chromatograph with a flame 
ionization detector (FID), capillary column DB-Petro with an program «NetCrom V2.0». Using helium as 
the carrier gas. 

Textural characteristics of catalysts were determined by the nitrogen adsorption isotherms and 
desorption using apparatus "Accusorb" (BET method). Control of the phase composition was carried out 
by X-ray on the device DRON-4 * 0.7 with CuKα - radiation. Analysis of the physical and chemical 
characteristics of zeolite catalysts on Al (5.0) NaMM shows that compared to the original NaMM at 
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pillarization growing basal reflex (XRD) of 11.9 Å for the NaMM to 14.0 and 14.6 Å, for Al (5.0) NaMM 
+ HY and Al (5.0) NaMM + HZSM-5 catalyst, respectively. The specific surface area increases from 48.2 
m2/g for NaMM to 180.7 and 146.8 m2/g for HY- and HZSM-containing catalysts. The quantities of 
mesopores are 76.6, 82.6 and 90.8% for NaMM, Al(5.0)NaMM + HY and Al(5.0)NaMM+HZSM-5, 
respectively. 

Temperature programmed reduction of the catalyst was carried out on high-precision instrument 
designed to study heterogeneous catalysts Termo Scientific TPDRO 1100 (Aberdeen University. School 
of Engineering, Scotland). The oxidized catalyst was subjected to software-controlled heating in a stream 
of 5% hydrogen in nitrogen mixture at temperatures in the range 40-9000C with temperature rise rate 
50C/min. 

Results and discussion 
From a comparison of performance data of HY and HZSM - zeolite catalysts (Figure 1) follow that 

the increase of cracking temperature from 5000 to 5500C both catalysts results in increased gas formation. 
The amount of gaseous products formed on HZSM-5 zeolite catalyst is more than 2 times their quantity 
on HY - catalyst. Thus, at 5500C the amount of cracking gases was 34% for HZSM-5 -containing catalyst 
as compared with 17.5% for the HY-containing catalyst. By the gasoline amount produced at 5500C 
(17%) and light gas oil at 5000C (37%) HY-catalyst is superior to HZSM-contact (9% gasoline and 30% 
light gas oil). Gasoline produced over the HZSM-5 catalyst characterized by higher octane number. The 
conclusion about the possibility of using Al(5.0)NaMM + HY- catalyst for the production of light 
products was made. 

 

 
 

1-dioxide, 2-gasoline, 3-light gas oil, 4-the amount of light products 
 

Figure 1 – The yields of VG PPCP basic cracking products on Al (5.0) NaMM + HY  
and Al (5.0) NaMM + HZSM-5 catalysts at 500°C and 550°C 

 
The introduction of zeolites into pillared montmorillonite (Table 1) leads to an increase in total 

acidity from 195 µmol NH3/g to 250 and 274 µmol NH3/g for HY and HZSM-5 – containing catalysts, 
respectively. HZSM-5 zeolite catalyst is distinguished not only by high acidity, but also the highest (28%) 
content of strong acid sites responsible for increased gases formation. 

Analysis of the hydrocarbon composition of gasoline (Table 2) shows that over HZSM-5 zeolite 
catalyst takes place considerable aromatization of hydrocarbons. Yield of aromatic hydrocarbons reaches 
55.3% at 5500C. Benzene quantity at this temperature is 7.9%. On HY –catalyst benzene does not formed 
with a total amount of aromatic hydrocarbons equal to 30.7%. Quantity of isoparaffins formed on HY 
catalyst on 4,8-3.3% over the former on HZSM -5 catalyst. 
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Table 1 - The acidity of the pillared AlNaMM, Al(5.0)NaMM+HY and Al(5.0) NaMM+HZSM-5 based catalysts according  
to the TPD of ammonia. Silica module of HZSM-5 is 29 

 
Sample Amount of acid 

sites 
Acid sites 

weak <2000C medium 
200-3000С 

strong 
> 3000C 

Total acidity 

Al(5.0)NaMM+ НZSM-5 % 40 32 28 100 
µmol NH3/g 110 88 77 274 

Al(5.0)NaMM+HY % 45 30 25 100 
 µmol NH3/g 112.5 75 62.5 250 
Al(5.0)NaMM % 45 35 20 100 

 µmol NH3/g 88 68 39 195 
 

 
Table 2 - Hydrocarbon group composition of gasolines cracking of VG PPCP over Al(5.0)NaMM + HY and 

Al(5.0)NaMM+HZSM - 5 catalysts 
 

Hydrocarbon Yield, wt% 
Al(5.0)NaMM+HY Al(5.0)NaMM+ НZSM-5 

5000C 5500C 5000C 5500C 
Paraffins 3.0 2.9 6.4 4.6 
Izoparaffins 20.4 19.1 15.6 15.8 
Olefins 16.3 19.3 26.7 9.7 
Aromatics 32.8 30.7 35.2 55.3 
Naphthenes 27.5 30.0 15.8 14.6 
Oxygenates 0 0 0.2 0.2 
Unknown 0 0 0 0 

 
For carrying out the cracking process on petrochemical direction with increased yield of light alkenes 

bizeolite HY + HZSM-5 catalyst containing 15% HY- and 15% HZSM-5-zeolite with silicate module 
SiO2/Al2O3 = 51 was synthesized. Tagan montmorillonite in Na-form and Al-pillared (Al(2.5)NaMM) 
used as a carrier. The weight ratio of HY and HZSM-5 - zeolites was 1: 1. 

According to elemental analysis Na amount in the sample of Al(2.5) NaMM + HY + ZSM-5 catalyst 
was 0.58%. 

Structural characteristics bizeolite Al (2.5) NaMM + HY + HZSM-5 - catalyst are shown in Table 3. 
 

 
Table 3 - Structural characteristics mono (HY) – and bizeolite HY and HZSM -5-catalysts on Al (2.5) NaMM 

 
Sample Sуд,m2/g Vmax, cm3/g R, Å micropores,% mesopores, % 

Al(2.5)NaMM+ HY 149.3 0.101 10-70 37.7 62.3 
Al(2.5)NaMM+ HY+HZSM-5 194.1 0.94 10-70 67.1 55.3 

 
Bizeolite 15% HY + 15% HZSM-5/Al (2.5) NaMM - catalyst compared to 15% HY / Al (2.5) NaMM 

– catalyst differ high specific surface area and a larger number of micropores defined by narrowly porous 
HZSM-5 zeolite. 

Basal reflex for Al (2.5) NaMM + HY + HZSM-5 is 14 Å, ie, increases for 2,1 Å, as for the Al 
(5.0)NaMM based samples, containing HY zeolite or HZSM-5 zeolite with a SiO2 /Al2O3 modulus equal 
to 29. 

Acidity spectrum of bizeolite Al (2.5) NaMM + HY + HZSM-5 catalyst is shown in Figure 2. The 
total acidity of the catalyst is 163.8 µmol NH3 /g. The amount of the strong acid sites -7.6%,medium a.c. - 
46.9%,weak -45.9%. 

Using narrowly porous HZSM-5 - zeolite with silicate module 51 in the composition of bizeolite 
containing catalyst on Al (2.5) NaMM - matrix reduces total acidity and increasing the number of weak 
and medium acid centers as compared with a zeolite catalyst HZSM-5 with a silica module 29 (Table 1). 

The composition of the products formed in the cracking VG PPCP with end boiling 5340C at different 
temperatures using the bizeolite catalyst containing narrowly porous HZSM-5 zeolite with silica modulus 
51 is shown in Table 4. 
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Figure 2 – Spectrum acidity of Al (2.5) NaMM +HY +HZSM-5 –catalyst 

 
 

Table 4 - Activity of Al(2.5)NaMM+ HY + HZSM-5- catalyst in the cracking of VG at different temperatures.  
Gasoline yield is given withC5+- fraction 

 

Product yield,wt % 5000C 5500C 6000C 

Gas 22.2 32.2 35.6 
Gasoline 14.6 16.2 17.8 
Coke 8.8 9.0 11.2 
Light gas oil  24.4 24.0 24.4 
Heavy gas oil 27.0 15.8 9.0 
Loss 3.0 2.8 2.0 
Conversion 70.0 81.4 89 
Total light products 39.0 40.4 44.2 

 
Increasing of the cracking temperature leads to increased yield, primarily gas (up to 35.6% at 6000C) 

and less gasoline. There is also increasing the amount of coke. The conversion, equal to 89.0%, observed 
at T = 6000C. Increasing of gasoline yield compared to the data on Al(5.0)NaMM+HZSM-5-defined by 
introduction in catalyst HY zeolite. The yields of the gaseous products over Al (5.0)NaMM + HZSM-5 
and Al(2.5)NaMM + HY + HZSM-5 catalysts are similar. Gas yield over the first catalyst is 33.6% at 
5500C, in the second catalyst -32.2%, while at 6000C - 31.6% and 35.6%, respectively. 

Interesting is the composition of the gas phase in the presence of Al(2.5)NaMM +HY + HZSM-5 -
catalyst. 

 
Table 5- Analysis of the gas phase of Al(2.5)NaMM +HY + HZSM-5at different temperatures 

 

Temperatures Yields, wt% 

5000C 5500C 6000C 
Dry gas 17.6 14.2 12.7 
Ethylene 0.8 10.2 16.3 
Propane 15.4 16.8 5.4 
Propylene 30.9 28.0 45.0 
Isobutane  

35.3 
14.1 2.3 

n-butane 2.3 0.5 
Isobutylene 14.1 17.0 
Butenes 0.3 0.8 
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At 6000C the formation of 45% propylene and 17.8% butenes and isobutenes was found. The total 
quantity of light olefins was 79.1% (about 30% on given raw materials). 

Since the formation of the reaction products is the role of hydrogen cracking, of which the transfer 
rate can be measured by the output of isobutane [12], the spectrum of hydrogen adsorption was obtained 
by temperature programmed desorption of hydrogen (Figure 3). 

 

 
 

Figure 3 – Thermal desorption of hydrogen with Al(5.0)NaMM and Al(2.5)NaMM + HY + HZSM-5 catalyst 
 
Figure 3 shows that both zeolite containing Al(5,0)NaMM, and bizeolite Al(2.5)NaMM + HY + 

HZSM-5 - catalyst have a broad spectral range of hydrogen desorption. On zeolite free catalyst hydrogen 
desorption begins at 5500C, achieving observed peak at 6500C. With the introduction of the two zeolite 
into catalyst the hydrogen desorption peak shifts to 500 to lower the temperature, and there is a clearly 
defined peak with maximum at 6000C. Based on peaks area, it can be concluded that the amount of sorbed 
hydrogen at the transition to the zeolite-containing catalyst is increased. This is probably due to increasing 
of values of surface area and pores volume when zeolites introduced in catalyst. It should be noted that in 
the conditions of experiment for cracking over zeolite containing catalysts a high conversion and high 
yield of gaseous products is observed. The correlation of the activity with the amount of hydrogen at high 
temperatures desorption may indicate the participation in the process the strongly bound to the surface of 
the olefin hydrocarbons. 

 
Table 6 – Hydrocarbon c composition of cracking gasoline obtained at 5000 over Al(2.5)NaMM + HY + HZSM-5- catalyst 

 
Selected products Yield , wt% Octane number 
Paraffins 5.8  

According to the research method -90 
 
 

According to the motor method -80 

Isoparaffins 21.7 
Aromatic compounds 50.4 
Naftens 7.3 
Olefins 12.6 
Oxygenates 2.2 
∑ 100 

 
Hydrocarbon composition of cracking gasoline obtained on Al(2.5) NaMM + HY + HZSM-catalyst at 

5000C is shown in Table 6. 
Detailed hydrocarbon composition of cracking gasoline according to chromatographic analysis is 

shown in Table 7. 
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Table 7 – Detailed Hydrocarbon composition of cracking gasoline 
 

group paraffins izoparaffins aromatic 
compounds naftens olefins oxygenates In total 

С1-С4 0,2 0,2 0 0 1,2 2,2 3,8 
С5 0,8 2,7 0 0 1,2 0 4,7 
С6 0,9 5,3 2,4 0,2 5,3 0 14,0 
С7 1,0 5,3 11,2 3,1 3,9 0 24,6 
С8 0,4 3,8 14,5 1,9 0,5 0 21,1 
С9 0,2 2,0 8,8 1,9 0,4 0 12,6 
С10 0,1 0,7 4,7 0,9 0 0 6,5 
С11 0,1 0,9 6,9 0,1 0 0 8,0 
С12 0 0,8 1,9 0 0 0 2,7 
С13 1,3 0 0 0 0 0 1,3 
С14 0,7 0 0 0 0 0 0,7 
Итого 5,8 21,7 50,4 7,3 12,6 2,2 100,0 

 
From the results analysis (Table 7) is shown that 68.2% of the gasoline fraction are C8 hydrocarbons. 

It consisted of 57.3% paraffins, 55.3% of iso-paraffins, 34.9% of light olefins, 14.1% of the total 
aromatics and 71.2% naphthenes. Thus, the proposed bizeolite catalyst on Al-pillared NaMM, can be used 
to produce significant amounts of propylene (45%) and gasoline (17.8%). 

Conclusion 
Thus, it is shown that the quantity of gasoline (17%) and light gas oil (37%) formed on HY - sample 

exceeds data on HZSM-contact (9 of 30%, respectively). The amount of gaseous products formed over the 
HZSM - 5 catalyst is more than 2 times higher than the quantities of gases on the HY - containing 
catalyst. 

On the base of the ammonia TPD data it was concluded that the increased gas production on HZSM - 
catalyst is responsible for big compared to HY -zeolite total acidity of the contact (274 and 250 umol 
NH3/g, respectively) and a large quantity(28%) of strong acid sites. We found that Al (5.0)NaMM + 
HZSM-5 zeolitе catalyst is responsible for the strong aromatization of hydrocarbons. 

HY + HZSM bizeolites catalyst on Al (2.5) NaMM support has high specific surface area and a large 
number of micropores (67.1%) defined by narrow porous zeolite HZSM -5 compared with HY -zeolite. 
Increasing of cracking temperature to 6000C results in a 35.6% yield of the gas phase to the feed raw 
material. 45% propylene and 17.8% butenes and iso-butene were determined in the gas phase 

 
Acknowledgment  
 Authors are grateful to the Ministry of Education and Science of the Republic of Kazakhstan granted 

this research (Grant # 02.20/ГФ4). 
 

REFERENCES 
 
[1] Tullo A. Albemarle to buy Akzo Nobel catalyst unit. 201282.7-12. 
[2] Doronin V.P., Sorokina T.P., Duplyakin V.K. Kataliz v promyshlennosti. 2003.2.37-48.  
[3] Minachev H.M, Dergachov A.A. Russian Chemical. 1990.59.1522-1554.  
[4] Bheyv R, Klemtu B. Petrochemicals. 2001.41. 436-439.  
[5] Olson D.H., Kokotailo G.T., Lawton S.L. J. Phys.Chem. 1981.85.2238-2243.  
[6] Belaya A.A, Doronin V.P, Sorokina T.P, Gulyaev, F.prikl.himii. 2009.82.243-249.  
[7] Mirsky Y.V, Kosolapov A.P, Leontyev A.S. Chemistry solid topliva. 1982.6.62-74.  
[8] Zainuddin Z., Guerzoni F.N., Abbot J. J.Catal. 1993.140.150-167. 
[9] Volkov V.Y, M.A Calico. The cracking of petroleum feedstock to the catalyst system bitseolitnoy. 1989.P.199-200.  



Доклады Национальной академии наук Республики Казахстан  
  

   12  

[10] Kosolapov A.P, Bolshakov T.A, Fadeev V.S.1984. Cracking Catalysts and zeolites.  
[11] Murzagaleev T.M, Octagon A.V, Golovko A.V. Bulletin of the Tomsk Polytechnic University. 2011. 319.113-116.  
[12] Doronin V.P, Lipin P.V, Sorokina T.P. Catalysis in industry. 2012.1.33-40.  
[13] Hadjiyev S.N, Gerzeliev I.M, Dementiev K.I. Petrochemicals. 2013.53.403-407.  
[14] Doronin V.P, Lipin P.V, Potapenko O.V Sorokina T.P, Kortokova N.V, Gordenko V.I . Catalysis industry. 2014.5.82-87. 
[15] Glazov A.V, General V.N, Gordenko V.I, Doronin V.P, Dubkov I.V.2007 New catalysts for catalytic cracking series 

"Lux": experience in development, production and operation of JSC" Sibneft- Omsk Refinery". Ros.him.zh.  
(Zh.Ross.him.obschestva im.D.I.Mendeleeva).  
[16] Doronin V.P, Sorokina T.P, Lipin P.V, Potapenko O.V, Kortokova N.V, Gordenko V.I. Catalysis promyshlennosti. 

2014.5.9-13.  
[17] Glazov A.V, Dmitrichenko O.I, Kortokova N.V, Gordenko V.I, Guryev S.Y. Biseolitny microspheroidal catalyst to 

increase gasoline octane cracking of vacuum gasoil and its method of preparation. 2013.  
[18]Doronin V.P, Lipin P.V, Sorokina T.P. Catalysis in promyshlennosti. 2012.1.27-32. 
[19] Lipin P.V, Doronin V.P, Gulyaev T.I. Petrochemicals. 2010.50.372-377.  
[20] Lipin P.V. Examination of individual reactions of hydrocarbons and carbon mixtures bitseolitnyh deep catalytic 

cracking catalysts. Abstract diss.kand.him.nauk Omsk. 2012.P.21.  
[21] Gil A, Landia L.M. Сatal. Rev.Sci.Eng. 2000.42.145-212. 
 
 

УДК:541.183.03:665.64.097.3: 
 

Н.А.Шадин1,2, J. A. Anderson3 , Н.А.Закарина1, Л.Д.Волкова1 
 

1Д.В. Сокольский атындағы Жанармай, Катализ жəне электрохимия институты, 
Қонаев көшесі 142, 050010, Алматы, Қазақстан; 

2Қазақ – Британ техникалық Университет; 

3Surface Chemistry and Catalysis Group, Materials and Chemical Engineering, School  
of Engineering, University of Aberdeen, AB24 3UE, Шотландия, Ұлыбритания 

 
АУЫР ВАКУУМДЫҚ ГАЗОЙЛЬ КРЕКИНГІНДЕГІ  

МОНТМОРИЛЛОНИТТЕ АЛЮМИНИЙМЕН ПИЛЛАРИРЛЕНГЕН 
ЦЕОЛИТҚҰРАМДЫ (HY+HZSM-5) КАТАЛИЗАТОР 

 
Аннотация: Ауыр вакуумдық газойль крекингіндегі монтмориллонитте алюминиймен палларирленген 

бицеолитті HY+HZSM катализаторлардың эффективтілігі бойынша жəне катализаторлар белскенділігі мен 
олардың физико-химиялық сипаттамаларының корреляция мəліметтері келтірілген. Əр цеолиттің құрамы 
15% құрады. HY жəне HZSM цеолиттердің массалық ара қатынасы 1:1. HY жəна HZSM-5 цеолиттері сəйке-
сінше 38 жəне 51 силикатты модульде пайдаланылды. Цеолитті катализаторлардың тасымалдағыш қызметін 
алғашқы қышқылдық өңдеу жасалмаған натрий формалы Тағандық монтмориллонит атқарды. Пилларир-
леуші агент – алюминийдің олигомерлі гидрокомплексінің концентрациясы 2,5 жəне 5,0 ммоль Al3+/г NaMM 
құрады. Крекингті зертханалық стандартты қондырғыда 40 мл катализатор көлемінде 500-5500С температу-
ралық аралықта жүргіздік. Катализаторлардың құрылымдық сипаттамаларын анықтау үшін БЭТ, РФА, 
аммиактың термопрограммалық десорбциясы (ТПД), катализаторды сутегімен термопрограммалық қайта 
қалыпқа келтіру (ТПВ) əдістері қолданылды. Крекингтің бензині мен газдарына газ-хроматографиялық 
анализдер жасалды. (37%) HY – үлгісі HZSM –контакттен асып түседі ( 30%-дан 9, салыстырмалы). HZSM – 
5 катализаторда газ тəрізді өнімдер саны HY –құрамды катализатордан 2 еседен де көп болады. 

Аммиак ТПД негізіндегі мəліметтер бойынша қорытынды жасалды: HZSM – катализатордағы газдардің 
HY – контакттен көп түзілу себебі суммалық қышқылдықтың көп болуына (274 жəне 250 мкмоль NH3/г, са-
лыстырмалы) жəне күшті қышқылды орталықтардың басым болуына (28%) байланысты. Al(5.0) NaMM+ 
HZSM-5 цеолитті катализаторында көмірсутекті шикізаттың күшті ароматтануы жүретіні анықталды. 

Al(2.5)NaMM-дегі HY+HZSM бицеолитті катализаторы HY – катализаторынан меншікті бетінің үлкен 
болуымен жəне микрокеуектердің көп болуымен (67.1%) ерекшеленеді. Крекинг температурасын 6000С 
дейін көтеру берілген шикізаттағы газ фазасының шығымын 35.6 % дейін жеткізеді. Газдың құрамында 45% 
пропилена жəне 17.8% бутен жəне изо-бутендер болатыны анықталды. 

Тірек сөздер: крекинг, катализатор, монтмориллонит, пилларирленген 
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ЦЕОЛИТСОДЕРЖАЩИЙ (HY+HZSM-5) КАТАЛИЗАТОР НА ПИЛЛАРИРОВАННОМ  
Аl - МОНТМОРИЛЛОНИТЕ В КРЕКИНГЕ УТЯЖЕЛЕННОГО ВАКУУМНОГО ГАЗОЙЛЯ 

 
Аннотация. Приведены данные по эффективности бицеолитных HY+HZSM катализаторов на 

пилларированном алюминием монтмориллоните в крекинге утяжеленного вакуумного газойля и корреляции 
активностей катализаторов с их физико-химическими характеристиками. Содержание каждого из цеолитов 
составило 15%. Массовое соотношение HY и HZSM цеолитов равно 1:1. Использованы цеолиты НY и 
НZSM-5 с силикатным модулем 38 и 51 соответственно. Носителем цеолитных катализаторов служил пила-
рированный алюминием Таганский монтмориллонит в натриевой форме без предварительной кислотной 
активации. Концентрация пилларирующего агента – олигомерного гидроксокомплекса алюминия составила 
2.5 и 5.0 ммоль Al3+/г NaMM. Катализатор готовили механическим смешением матрицы и цеолита. Крекинг 
проводили в стандартной лабораторной установке с объемом катализатора 40 мл в интервале температур 
500-5500С. Для определения структурных характеристик катализаторов использовали методы: БЭТ, РФА, 
термопрограммированная десорбция (ТПД) аммиака, термопрограммированное восстановление (ТПВ) ката-
лизаторов водородом. Бензин и газы крекинга анализировали газо-хроматографически. 

Показано, что по количеству бензина (17%) и легкого газойля (37%) HY – образец превосходит HZSM –
контакт (9 из 30%, соответственно). Количество образующихся газообразных продуктов на HZSM – 5 
катализаторе более чем в 2 раза превышает их содержание на HY – содержащем катализаторе. 

На основании данных ТПД аммиака сделан вывод, что повышенному газообразованию на HZSM – 
катализаторе отвечает большая по сравнению с HY – контактом суммарная кислотность (274 и 250 мкмоль 
NH3/г, соответственно) и большое количество (28%) сильных кислотных центров. Найдено, что на 
Al(5.0)NaMM+HZSM-5 цеолитном катализаторе идет сильная ароматизация углеводородного сырья. 

Бицеолитный HY+HZSM катализатор на Al(2.5)NaMM отличает повышенная по сравнению с HY – 
катализатором величина удельной поверхности и большое (67.1%) число микропор, задаваемых узкопорис-
тым HZSM -5 цеолитом. Повышение температуры крекинга до 6000С приводит к 35.6 % выходу газовой 
фазы на поданное сырье. В составе газа определено 45% пропилена и 17.8% бутенов и изо-бутенов. 

Ключевые слова: крекинг, катализатор, монтмориллонит, матрица, пилларирование. 
  



ISSN 2224–5227                                                                                                                               № 6. 2016  
 

 183 

МАЗМҰНЫ 
 
 

Химия 

Шадин Н.А., Anderson J. A., Закарина Н.А., Волкова Л.Д. Ауыр вакуумдық газойль крекингіндегі монтморилло- 
нитте алюминиймен пилларирленген цеолитқұрамды (HY+HZSM-5) катализатор.................................................................. 5 

Əлеуметтік ғылымдар 

Құрманов Н.А., Сатбаева А.Ж., Рахимбекова А.Е., Махатова А.Б. Адами потенциалының даму индексі: заманауи  
əлемдегі Қазақстанның орны.......................................................................................................................................................... 14 

Панзабекова А.Ж., Турабаев Г.К. Система  оплаты и стимулирования труда на предприятиях реального сектора  
Казахстана……………………………………………………………………………………………………............................... 20 

Турабаев Г.К., Несіпбеков Е.Н. Білім беру ұйымдарының даму процесінің құрамдасы ретіндегі кадрлық резервпен  
жұмыс жасау..................................................................................................................................................................................... 27 

Физика 
Рамазанов Т.С., Коданова С.К., Исанова М.К., Тихонов A.,  Кайканов M. Инерциялық термоядролық синтез  

плазмасының транспорттық қасиеттері ....................................................................................................................................... 34 
Рамазанов Т.С., Коданова С.К., Исанова М.К., Тихонов A.,  Кайканов M. Инерциялық термоядролық синтез  

плазмасының транспорттық қасиеттері........................................................................................................................................ 43 

Химия 

Малышев В.П., Зубрина Ю.С., Макашева А.М. Өзіндік ұйымдастыру үрдістерінің түсінігінде Больцман-Шеннон  
энтропиясының рөлі........................................................................................................................................................................ 53 

Комекова Н.М., Козлов В.А.,  Жұрынов М.Ж. Қара сланецтен ванадийді күкүрт қышқылды атмосферлі- 
автоклавты шаймалау .................................................................................................................................................................... 62 

Баешов А.Б., Адайбекова А.А., Абдувалиева У.А. Молибден электродының натрий гидроксиді ерітіндісіндегі  
электрохимиялық қасиеті.............................................................................................................................................................. 70 

Жер туралы ғылымдар 

Метакса Г.П., Чекушина Т.В., Молдабаева Г.Ж., Метакса А.С. Байкал көлі – көмірсутектердің табиғи реакторы.. 77 

Биология 

Хакiмжанов А.А., Мамытова Н.С., Бескемпірова Ж.Д., Тілеген Б., Дəлелханқызы А., Кузовлев В.А., Айтхожина Н.Ə. 
Бидайдың хитиназалық кешені жəне оның кейбір қасиеттері .................................................................................................. 85 

Техникалық ғылымдар 

Жирнова О.В., Тойгожинова А.Ж., Жакипов Ж., Туриканов Т.С., Оразалин А., Матенов Н. Парниктік газдар  
шығарындыларын азайту автоматтандырылған басқару жүйесін жану процесі биогаз математикалық модельдерін  
əзірлеу.............................................................................................................................................................................................. 94 

Калдыбаева Б.М., Хусанов А.Е., Дмитриев Е.А., Сабырханов Д.С., Абильмагжанов А.З. Хемосорбциялық аппаратта 
гидродинамикалық жағдайды жəне конструкциялық ерекшеліктерін ескере отырып ағындардың құрамын есептеу.......106 

Қоғамдық ғылымдар 

Аюпова З.К., Құсайынов Д.Ө. Қазақ мəдениетіндегі білім беру жүйесінің бастаулары мəселесіне........................... 115 
Даулетбаков Б.Д., Примжарова К.К., Конырбеков М.Ж. Қазақстан республикасы өңірлерінде интеллектуалды  

əлеуетпен қамтамасыз ету саласындағы инновациялық қызмет деңгейін модельдеу жəне бағалау.................................... 122 
Қалдыбай Қ.Қ., Абдрасилов Т.Қ., Насимов М.Ө. Заманауи қазақ ойшылдарының дінтанулық мұраларындағы  

адам мəселесі.................................................................................................................................................................................. 131 
Магай  Т.П. Трансформация бизнес-білім беру: инновациялық тəсіл............................................................................ 141 
Мырзағалиева А.Б., Туктасинова А.А., Самарханова Т.Н., Акзамбек А.М. Алтай қасқыржидегін  

(Daphnealtaicapall.) In vitro мəдениетіне енгізу......................................................................................................................... 151 
Ордабаева М. Қазақстандағы емдік-сауықтыру туризм үрдістерінің мəселелер мен ағымдары..................................161 
Саткалиева Т.С. Қазақстан энергетикалық секторының даму үрдістері ..................................................................... 167 
Берік А.Б. Психикалық дамуы тежелген балаларды психологиялық қолдау................................................................ 176 

  



Доклады Национальной академии наук Республики Казахстан  
  

   184  

СОДЕРЖАНИЕ 
 
 

Химия 

Шадин Н.А., Anderson J. A., Закарина Н.А., Волкова Л.Д. Цеолитсодержащий  (HY+HZSM-5) катализатор на 
пилларированном Аl - монтмориллоните в крекинге утяжеленного вакуумного газойля……………………..…………….. 5 

Социальные науки 
Курманов Н.А., Сатбаева А.Ж., Рахимбекова А.Е., Махатова А.Б. Индекс развития человеческого потенциала:  

место Казахстана в современном мире.......................................................................................................................................... 14 
Панзабекова А.Ж., Турабаев Г.К. Система  оплаты и стимулирования труда на предприятиях реального сектора  

Казахстана....................................................................................................................................................................................... 20 
Турабаев Г.К., Несипбеков Е.Н. Работа с кадровым резервом как составляющая процесса развития  

образовательных организаций……………………………............................................................................................................ 27 

Физика 

Рамазанов Т.С., Коданова С.К., Исанова М.К., Тихонов A., Кайканов M. Транспортные свойства плазмы  
инерционного термоядерного синтеза.......................................................................................................................................... 34 

Рамазанов Т.С., Коданова С.К., Исанова М.К., Тихонов A., Кайканов M. Транспортные свойства плазмы  
инерционного термоядерного синтеза………………………………………………………………………………………….. 43 

Химия 

Малышев В.П., Зубрина Ю.С., Макашева А.М. Роль энтропии Больцмана-Шеннона в понимании процессов  
самоорганизации…………………………………………………………………………………………………………………. 53 

Комекова Н.М., Козлов В.А., Журинов М.Ж. Сернокислотное атмосферно-автоклавное выщелачивание ванадия  
из черных сланцев……………………………………………………………………………………………..………………….. 62 

Баешов А.Б., Адайбекова А.А., Абдувалиева У.А. Электрохимическое поведение молибденового электрода  
в растворе гидроксида натрия................................................................................................................................……………….70 

Науки о Земле 

Метакса Г.П., Чекушина Т.В., Молдабаева Г.Ж., Метакса А.С.  Озеро Байкал – природный реактор  
углеводородов……………………………………………………………………………………………………………………. 77 

Биология 

Хакимжанов А.А., Мамытова Н.С., Бескемпирова Ж.Д., Тилеген Б., Далелханкызы А., Кузовлев В.А.,  
Айтхожина Н.А. Хитиназный комплекс пшеницы и некоторые  его свойства…………………………………….................85 

Технические науки 

Жирнова О.В., Тойгожинова А.Ж., Жакипов Ж., Туриканов Т.С., Оразалин А., Матенов Н. Разработка матема- 
тической модели для автоматизированной системы управления процессом сжигания биогаза для снижения выброса 
парниковых газов............................................................................................................................................................................. 94 

Калдыбаева Б.М., Хусанов А.Е., Дмитриев Е.А., Сабырханов Д.С., Абильмагжанов А.З. Расчет структуры потоков  
с учетом гидродинамической обстановки и конструкционных особенностей в хемосорбционном аппарате…………. 106 

Общественные науки 

Аюпова З.К., Кусаинов Д.У. К вопросу об истоках системы образования в казахской культуре................................ 115 
Даулетбаков Б.Д., Примжарова К.К., Конырбеков М.Ж. Моделирование и оценка уровня инновационной  

деятельности в сфере обеспечения интеллектуальным потенциалом регионов республики Казахстан............................ 122 
Калдыбай К. К., Абдрасилов Т.К., Насимов М.О. Проблема  человека в религиозном наследии современных  

казахских мыслителей.................................................................................................................................................................. 131 
Магай Т.П. Трансформация бизнес-образования: инновационный подход……………………………………......... 141 
Мырзагалиева А.Б., Туктасинова А.А., Самарханов Т.Н., Акзамбек А.М. Введение в культуру In vitro  

волчеягодника Алтайского (Daphnealtaicapall.)........................................................................................................................ 151 
Ордабаева М. Современные проблемы и тенденции развития лечебно-оздоровительного туризма в Казахстане....161 
Саткалиева Т.С. Тенденции развития энергетического сектора РК…………………………………........................... 167 
Берик А.Б. Психологическое сопровождение детей с задержкой психического развития................................................... 176 

  



ISSN 2224–5227                                                                                                                               № 6. 2016  
 

 185 

CONTENT 
 

 
Chemistry 

Shadin N.A., Anderson J. A., Zakarina N. A., Volkova L.D.  Zeolite containing (HY+HZSM-5) catalyst on pillared  
Al-montmorillonite for cracking of weighted vacuum gas oil…………………………………………………………………….. 5 

Social sciences 
Kurmanov N., Satbayeva A., Rakhimbekova A., Makhatova A. Human development index: place of Kazakhstan in the  

modern world………………………………………………………………………………………………………………............ 14 
Panzabekova А.Zh., Tyurabayev G.K. The system of payment and stimulation of labor at real sector enterprises  

of Kazakhstan …………………………………………………………………………………………………………................. 20 
Tyurabayev G.K., Nesipbekov Ye. N. Work with personnel pool as a constituent of educational organizations development  

process ............................................................................................................................................................................................... 27 

Physics 

Ramazanov T.S., Kodanova S.K., Issanova M.K., Tikhonov A., Kaikanov M. Transport properties of inertial  
confinement fusion plasmas.............................................................................................................................................................. 34 

Ramazanov T.S., Kodanova S.K., Issanova M.K., Tikhonov A.,  Kaikanov M. Transport properties of inertial confinement  
fusion plasmas……………………………………………………………………………………………………………………... 43 

Chemistry  
Malyshev V.P., Zubrina Y.S., Makasheva A.M. The role of the boltzmann-Shannon entropy in understanding the processes  

of self-organization………………………………………………………………………………………………………………... 53 
Komekova N.M., Kozlov V.A., Zhurinov M.Zh. Sulfuric acid atmospheric pressure leaching of vanadium black shale......… 62 
Bayeshov A.B., Adaybekova A.A., Abduvaliyeva U.A. Electrochemical behavior of electrodes of molybdenum  in sodium  

hydroxide solution.......................................................................................................................................................…………….. 70 

Earth sciences 

Metaksa G.P., Chekushina T.V., Moldabaeva G.Zh., Metaksa A.S. Lake Baikal - natural reactor of hydrocarbons………. 77 

Biologiya 

Khakimzhanov A.A., Mamytova N.S., Beskempirova Zh.D., Tilegen B., Dalelhankhyzy A., Kuzovlev V.A.,  
Aitkhozhina N.A. Wheat chitinase complex and some of its properties…………………………………………………………... 85 

Technical sciences 
Zhirnova O.V., Toigozhinova A.Zh., Zhakipov Zh., Turikanov T.S., Orazalin A., Matenov N. Development of mathematical 

models for automated control system combustion process biogas to reduce greenhouse gas emissions………………................. 94 
Kaldybaeva B.M., Khusanov A. E., Dmitriev E.A., Sabyrkhanov D.S., Abilmagzhanov A.Zh. Calculation of the bubble  

diameter, taking into account the hydrodynamic conditions and structural features in the chemisorption apparatus………..… 106 
Social Sciences 

Ayupova Z.K., Kussainov D.U. To the question about the sources of the system of education in kazakh culture................ 115 
Dauletbakov B.D.,  Primzharova K.K., Konyrbekov M. Zh. Modeling and assessment of the level of innovative activity  

in the sphere of intellectual potential of regions of the republic of Kazakhstan..............................................................................122 
Kaldybay K.K., Abdrassilov T.K., Nassimov M.O. The problem of human in the religious heritage of modern kazakh  

thinkers............................................................................................................................................................................................ 131 
Magay T.P. Transformation of business education: an innovative approach......................................................................... 141 
Myrzagaliyeva A.B., Tuktassinova A.A., Samarkhanov T.N., Akzambek A.M. In vitro introduction of daphne  

Altaica pall……………………………………………………………………………………………………………………….. 151 
Ordabayeva M. Current issues and trends of the medical and health tourism in Kazakhstan……………......................... 161 
Satkalieva T. Trends in energy sector of Kazakhstan............................................................................................................ 167 
Berik A.B. Psychological support of children with mental retardation……………………………………..……………… 176 

  



Доклады Национальной академии наук Республики Казахстан  
  

   186  

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 work described 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 originality detection service Cross Check 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. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ISSN 2224–5227                                                                                                                               № 6. 2016  
 

 187 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Правила оформления статьи для публикации в журнале смотреть на сайте: 
 

www:nauka-nanrk.kz 
 

ISSN 2518-1483 (Online),  ISSN 2224-5227 (Print) 
 

http://www.reports-science.kz/index.php/ru/ 
 

Редакторы М. С. Ахметова, Д. С. Аленов, Т.А. Апендиев 
Верстка на компьютере А.М. Кульгинбаевой 

 
Подписано в печать 09.12.2016. 

Формат 60х881/8. Бумага офсетная. Печать – ризограф. 
5,5 п.л. Тираж 2000. Заказ 6. 

 
 

Национальная академия наук РК 
050010, Алматы, ул. Шевченко, 28, т. 272-13-18, 272-13-19 

 


