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Abstract
The features of oxidative cracking of vacuum distillate of Aturau and Zhetybai oil have been investigated.

It was found that the yield of gasoline and light gas oil depends on the ratio of natural zeolite and clay in
the composite catalysts, flow rate of air and 0.2 % catalyst suspension in the raw material and temperature
of the cracking. It was shown that maximum yield of gasoline, kerosene and gas oil was achieved with the
composite catalyst containing 14 % of activated zeolite. Suspension of this catalyst significantly promotes
gas formation during oxidative cracking as compared to that for cracking in the inert atmosphere. This
proves that catalytic destruction of high molecular hydrocarbons in the presence of trace amount of air is
increased. The yield of light gas oil is increased whereas yield of gasoline and gas is decreased when flow
rate of 0.2 % catalyst suspension in raw material is 1.0 hour-1 as compared to that for 0.1 hour-1 flow rate
in oxidative cracking conditions. It was found (GLC method) that formation of diene and cyclodiene
hydrocarbons during oxidative cracking at 0.1 hour-1 flow rate proceeds better than that for cracking in
inert atmosphere. Oxidative cyclization into arenes proceeds when flow rate is 1.0 hour-1 whereas oxida-
tive olefin dehydrogenation proceeds when flow rate is 0.1 hour-1. Alpha olefins were found in gasoline,
kerosene and gas oil fractions (IR-spectroscopy).

Introduction

Catalytic cracking of oil residues is an actual prob-
lem for world oil processing industry because of
reduced demand for fuel oil and shortage of medium
oil fractions. However, reorientation of oil industry
to heavy oil processing needs more complex technolo-
gies that include purification from sulfur compounds
and heavy metals. New technologies and cheap
catalysts are necessary for these purposes.

Synthetic zeolites and natural clay with improved
physical and chemical characteristics are widely used
for cracking catalysts preparation [1].  Natural zeo-
lites having thermal stability and mechanical dura-
bility are not well investigated. Recent years,
composites (zeolites in aluminosilicate matrix with
sticker) are used more and more. Synthetic amorphous
aluminosilicate, natural clay and their mixtures (semi-
synthetic matrix) are used as a matrix for evenly dis-
tributed zeolite.  Change of catalytic activity and ad-
sorption properties of such catalysts on mixed matri-
ces is not monotonous depending on the composition
because of formation of active sites at zeolite-matrix

border due to ion exchange [2,3]. Design of new
catalytic systems on the basis of the composites will
let to increase economic efficiency of the technology.

Oxidative cracking is a prospective method for
production of light oil from oil residues. This process
excludes necessity to make special units for produc-
tion of oxygen containing compounds. Besides, this
gives the possibility to control octane number of the
gasoline through change of the regime and oxygen
concentration in the reaction mixture.  There are only
two papers on oxidative thermal cracking [4,5] and
one paper on oxidative catalytic cracking [6].
Hereafter, the results of oxidative cracking of vacuum
distillate using suspended composite catalysts on the
basis of activated Chankanai zeolite and Narynkol
clay are represented in this paper.

Experimental

Method for vacuum distillate production

Fraction composition of Zhetybai and Atyrau oil
was determined by distillation at atmospheric pres-
sure and in vacuum (5×10-2 mm.Hg). VN-4 vacuum
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pump and PMT-2 vacuum pressure indicator were
used. Fraction in temperature interval from 110 to
220°C was isolated. This corresponds to 350-500°C
temperature interval at atmospheric pressure.

Method for sulfur determination

Concentration of sulfur in the oil and vacuum dis-
tillates was determined using high temperature oxi-
dation and subsequent determination of sulfurous acid
by acid-base titration [8,9].

Method for catalyst preparation

Composite catalysts were prepared from Chanka-
nai natural zeolite and Narynkol clay. Original clay
and zeolite were grinded and screened. Fraction 63-
80 µm was used in the experiments. Zeolite was pro-
moted with lanthanum and ammonium ions through
ion exchange in solution of relevant chlorides then
washed to negative reaction for chloride ions and dried
at 150°C. In order to obtain composite catalysts zeo-
lite was mixed for two minutes with clay suspension
in distilled water (different amount of Narynkol clay).
The mixture was dewatered, dried at 150°C and
calcined at 550°C for four hours. The composite
catalyst was screened and fraction 63-80 µm was
collected. Composites with 14, 20, 50 and 80 % of
activated zeolite were used in the experiments.

Methods for catalyst analysis

Chemical composition of activated zeolite and clay
and composite catalysts was determined by X-ray fluo-

rescent method [10]. The analysis is based on X-ray
fluorescention of the elements in the sample initiated
by primary X-ray irradiation from X-ray tube with
silver anode. Change of energy of fluorescent Kα lines
was measured with ARF-6 analyzer. Lanthanum
concentration in the catalysts was determined with
DFS-13 spectrograph using calibrating curves made
for standard samples [11]. Method detection limit for
lanthanum in this method was 10-3–10-2  %

Phase composition was determined with DRON-
3M X-ray diffractometer (CuKα – irradiation).
Relative error was 10 %.

Catalytic cracking with suspended catalysts

On Fig. 1 flow unit for oxidative catalytic cracking
is represented. Before the experiments the reactor (2)
was washed with inert gas and heated to the necessary
temperature. Then suspension of the catalyst in oil
fraction was put through the reactor 2 from calibrated
and heated to 95°C vessel 1 in order to reduce tem-
perature difference between the raw material and the
reactor. In order to prevent sedimentation of the pow-
der, the mixture was stirred with argon flow. Flow
rate of the suspension was controlled with tap valve
3. Flow rate of the air was checked with flow meter
4. The reactor was heated with electric winding
controlled by autotransformer. The inside tempera-
ture was checked with a thermocouple 5. Gases from
the reactor are condensed in cooling tube 6. Liquid
products were collected in vessel 7 (cooled with ice),
gas products, in gas meter 8. Gas flow from the reactor
to the gas meter was measured with flow meter 9.

Fig. 1. Unit for catalytic cracking.



Table 2
Cracking of vacuum distillate of Zhetybai oil with 0.2 % suspended catalyst at 0.1 hour–1 flow rate

Table 1
Sulfur concentration depending on fraction composition of the raw materials
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After each experiment liquid, gas and solid frac-
tions (coke) yield were measured and calculated in %.
The weight of gas product was determined from its
density and volume; the weight of liquid products was
determined with analytical balance. Light fraction was
distilled to determine amount of gasoline and light gas
oil. Amount of coke was determined by weighting the
reactor before and after the experiment. Relative error
of the experiments was no more than 2 %.

Determination of composition of gasoline,
kerosene and gas oil fractions after cracking

Determination of composition of the gasoline frac-
tions was made with TSVET-530 GLC instrument
using 50 m stainless steel capillary column of 0.2 mm
diameter filled with 7 % squalane. Argon with flow
rate 1.0-1.3 ml/min was used as carrier gas. Flow
rate division was 1/20. Temperature program was
from 40 to 110°C (2°C per min). Special software

was used for treatment of the results using database
of 370 Covach indices for hydrocarbons. Qualitative
composition of gasoline, kerosene and gas oil frac-
tion was determined using IR-75 spectrometer.

Results and discussion

Fraction composition and sulfur concentration data
for Atyrau and Zhetybai oil are listed in Table 1.

It is seen from the table that both Aturau and
Zhetybai oil have almost equal concentration of sul-
fur, but sulfur concentration in vacuum gas oil frac-
tion for Zetybai oil is higher than that for Atyrau oil
whereas sulfur concentration in light gas oil fraction
for Zetybai oil is less than that for Atyrau oil.

Yield of products after Zetybai vacuum distillate
cracking in inert atmosphere and in air presence de-
pending on zeolite concentration in the composite
catalyst is shown in Table 2.

carF it o sn
A yt r oua li eW, thgi % Z eh t oiaby li eW, thgi %

yH rd co ra ob sn S ruflu yH rd co ra ob sn S ruflu

rO gi in la o li 0.001 9.0 0.001 0.1

osaG l ni e 6.0 - 5.3 -

L thgi osag li 5.65 5.0 4.43 2.0

caV u mu osag li 5.71 1.1 3.12 5.1

aeH yv ser id eu 4.52 - 8.04 -

oC dn iti o sn
ecreP tn foega

z oe til e ni t eh
ac tal tsy

Y ei dorpfodl cu %,st
sessoL oT at l

osaG li en L thgi osa li Liq iu card oit n saG ekoC

enI tr
a mt pso eh er

CaLon0 l3 2.11 6.51 8.37 8.22 0.1 4.2 0.001

w0 hti CaL l3 3.31 5.61 5.17 6.72 7.0 2.0 0.001

41 6.01 1.61 1.08 3.91 6.0 - 0.001

02 8.7 8.51 6.27 0.72 4.0 - 0.001

05 3.6 4.61 9.38 6.51 5.0 - 0.001

A ri f wol
oh50.0 ru 1-

0 3.11 5.41 1.18 1.71 8.1 - 0.001

41 0.81 9.32 5.65 2.14 8.1 5.0 0.001

05 0.51 0.81 6.46 8.13 2.2 4.1 0.001

08 0.31 9.61 2.86 8.92 1.2 - 0.001

001 9.8 9.21 6.67 0.22 4.1 - 0.001



Table 4
Influence of airflow rate on oxidative cracking of vacuum distillate of Atyrau oil at 500°C

with raw material flow rate of 0.1 hour-1 with 0.2% suspension of 14% composite.

Table 3
Chemical composition of the catalysts according to X-ray fluorescent analysis
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Yield of light products does not depend on the
catalyst composition. In air presence maximum yield
of gasoline kerosene and gas oil was achieved on the
catalyst with 14 % of zeolite. Yield of gas products is
also higher than that for inert atmosphere. These data
show that small air concentrations promote catalytic
destruction of high molecular hydrocarbons.

Natural zeolite has lower activity in cracking than
synthetic zeolite and clay. However, composite catalyst
with 14 % zeolite shows synergistic effect. To reveal
the reason of this phenomenon we determined chemical
composition of the catalysts (Table 3).

As one can see from Table 3, the results for the
samples are similar regarding to main minerals of the

natural components and composite catalysts. The ratio
SiO2/Al2O3 in Chankanai zeolite is ≈���������	�
���

��������������	
��	� ≈ 4. Calcite takes great share
in Narynkol clay and the composite catalysts (Table
3). The more calcite concentration the more weight
losses after calcination. Perhaps, it is related to de-
struction of CaCO3. In 14 % composite catalyst
concentration of lanthanum is maximum whereas
concentration of sodium oxide is minimum. This per-
haps may explain maximum activity of this catalyst
in cracking.

This catalyst was used for investigation of airflow
rate on cracking of vacuum distillate of Atyrau oil
(Table 4).

A ri f l ,etarwo
oh ur 1-

%,stcudorpfodleiY
sessoL oT lat

osaG line Li hg t osag li qiL diu fr noitca saG ekoC

0 0.41 4.22 5.67 4.22 2.0 9.0 0.001

30.0 1.41 0.32 6.17 1.82 3.0 - 0.001

50.0 8.31 3.63 1.47 7.62 2.0 - 0.101

80.0 2.41 5.72 6.08 1.91 3.0 - 0.001

01.0 0.21 0.32 9.67 6.22 2.0 3.0 0.001

51.0 2.51 1.51 8.37 1.52 5.0 6.0 0.001

C imeh sopmoclac ti i no
cA vit Ndeta aryn lok

cl ya
oC m sop i et wi ht %41

z oe il et
sopmoC it we i ht %02
z oe il et

cA vit Cdeta ah nk na ia
z oe il et

OaC 54.02 97.91 41.51 49.1

SiO2 59.73 89.93 82.74 20.86

Al2O3 94.8 79.9 15.11 82.41

OgM 01.6 72.6 16.4 14.1

eF 2O3 70.4 77.3 10.4 67.1

K2O 19.1 92.2 61.3 74.4

aN 2O 01.1 05.0< 55.0 80.1

iT O2 44.0 32.0 54.0 92.0

P2O5 11.0 31.0 11.0 30.0

OnM 90.0 51.0 11.0 60.0

sessoL ni clac ni oita sn 74.91 34.71 25.31 40.7

aL 31.0 62.0 02.0 42.0

latoT 85.001 72.001 56.001 26.001



Table 5
Influence of air flow rate to oxidative cracking of vacuum distillate of Atyrau oil at 500°C.

Raw material flow rate is 1.0 hour -1 in 0.2 % suspension of 14 % zeolite catalyst.

Table 6
Oxidative cracking of vacuum distillate of Atyrau oil in the presence of 0,2 % suspension of 14 % zeolite catalyst

at raw material flow rate of 1,0 hour-1 and airflow rate of 0,15 hour-1 depending on the temperature.
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It is seen from the table that change of airflow rate
affects only yield of kerosene and gas oil fractions.
Maximum yield was observed at 0,05 hour-1 flow rate.
Comparing to the data obtained in similar conditions
for vacuum gas oil of Zhetybai oil (Table 2) one can
see that increased sulfur concentration in the raw
material (Table 1) reduces light gas oil share in the
products from 36,3 by 23,9 %. This points out on
deactivation of the composite catalyst by sulfur

compounds.
Despite high share of light fuel (50.0 % in total in

optimum conditions) during oxidative cracking of
heavy fraction of Atyrau oil, the productivity of the
technology does not meet industrial requirements be-
cause of low flow rate of the suspension through the
reactor. So, we investigated the possibility to increase
productivity of the unit through increase of suspen-
sion flow rate up to 1 hour-1 (see Table 5).

A ri f ,etarwol
oh ur 1-

%,stcudorpfodleiY
oT at l

osaG li en Li hg t osag li qiL iu d f noitcar saG ekoC

50.0 8.2 3.64 1.69 9.3 - 0.001

01.0 8.1 5.74 4.69 8.2 8.0 0.001

51.0 7.2 2.35 4.49 7.4 9.0 0.001

02.0 2.2 4.93 2.19 6.7 2.1 0.001

It was found that in 400-500°C temperature inter-
val the product contains little amount of gasoline, in-
creased by 9 % amount of kerosene and gas oil and
same amount of gas. At 550°C concentration of light
hydrocarbons in liquid phase is declined and gas
amount is growing. This is related to heavier destruc-
tion of hydrocarbons at increased temperatures. There-

fore, optimum temperature for oxidative catalytic
cracking is 500°C.

In order to reveal the mechanism of the reactions
during catalytic cracking we determined hydrocarbon
composition of gasoline fraction using GLC method
(Table 7).

It is seen from Table 8 that in case of low flow rate

arepmeT tur C°e
%,stcudorpfodleiY

oT at l
osaG li en Li hg t osag li qiL iu d f noitcar saG ekoC

004 4.0 7.34 6.001 0.4 - 6.401

054 4.0 3.44 4.99 3.5 3.0 0.501

005 7.2 2.35 4.49 7.4 9.0 0.001

055 5.1 1.04 4.98 1.11 4.0 9.001

One can see that at 1 hour-1 raw material flow rate
yield of light gas oil is increased whereas yield of
gasoline is declined by 5-6 times. Maximum share of
kerosene and gas oil fractions was found at airflow

rate of 0,15 hour-1.
To determine optimum conditions of oxidative

cracking at 1 hour-1 raw material flow rate we
investigated influence of the temperature (Table 6).



Table 7
Composition (%) of gasoline fraction at 500°��obtained from vacuum distillate

of Atyrau oil during cracking of  0,2 % suspension of 14 % composite.

Table 8
Absorption bands (��-1) in IR-spectra of gasoline fraction after cracking of vacuum distillate

of Atyrau oil at 500°�������	
����
�
���
�����������������
����������
�
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of the raw material suspension the yield of diene and
cyclodiene hydrocarbons in cracking products in air
presence is more than that for inert atmosphere. This
data coincide with the literature  [12] data that in air
presence share of reactions of oxidative dehydroge-
nation of olefins is more. Increase of raw material
flow rate up to 1 hour-1 changes the direction of oxi-
dative cracking. Concentration of olefin and diene
hydrocarbons in gasoline fraction after cracking is
declined, whereas concentration of aromatic hydro-
carbons is increased. So, in this condition oxidative
dehydrogenation is suppressed and cyclization to
arenes proceeds. Increase of cyclo-olefin concentration
also proves this. The change of the reaction route may
be explained as follows. At low flow rate the vacuum
gas oil quickly acquires temperature of the rector and
runs out of it because of evaporation.  High tempera-
ture and short reaction time (in the reactor) provide

prevailing of oxidative dehydrogenation of hydrocar-
bons. Increase of raw material flow rate increases time
of contact of vacuum gas oil and the catalyst because
the raw material is accumulated in the reactor as a
liquid phase. There is enough time for oxidative dehy-
drogenation of cycloparaffins and condensation of ole-
fins into aromatic hydrocarbons on the catalyst surface.

As it was shown in [6], octane number of gasoline
after oxidative cracking is higher due to formation of
oxygen containing hydrocarbons. IR-spectra of gaso-
line (Table 8) showed that reaction of partial oxida-
tion during oxidative cracking does not proceed (there
is no or very little absorption bands at 1700-1728
cm-1).  However, formation of sulfoxides during oxi-
dation of sulfur containing hydrocarbons is possible.
Absorption bands at 740-750 cm-1 indicate their pres-
ence. Both in gasoline (Table 8), kerosene and gas oil
fractions (Table 9) we found out alpha-olefins.

snobracordyH
retamwaR ai l f 1.0etarwol

oh ru 1- , i en tr a mt erehpso
retamwaR ai l f oh1.0etarwol ru 1- ,

Airf oh50.0etarwol ru 1-

retamwaR ai l f oh0.1etarwol ru 1- ,
Airf oh51.0etarwol ru 1-

oN mr snobacordyhla 5.4 2.3 2.4

araposI iff sn 6.82 1.72 7.92

paN hth sene 8.21 0.01 2.9

elO if sn 2.02 0.81 6.8

eloolcyC if sn 6.1 3.1 3.4

senerA 6.82 8.62 3.14

snobracordyheneiD 3.1 3.01 6.1

seneidolcyC 2.0 7.0 1.0

-noN di e tn ifi de 5.6 1.0 -

cO nat e n mu reb 2.19 3.88 6.98

retamwaR ai l f wol
oh1.0etar ru 1- ,

enI tr a mt erehpso

retamwaR ai l f wol
oh1.0etar ru 1- ,

Airf oh50.0etarwol ru 1-

retamwaR ai l f wol
oh0.1etar ru 1- ,

Airf oh50.0etarwol ru 1-

retamwaR ai l f wol
oh0.1etar ru 1- ,

Airf oh51.0etarwol ru 1-

C al ss ifi ac it fono ht e
sdnab

0403 - 0403 -

ecnelaV iv arb it dnabno
Crof −H ni et mr i lan

sdnobelbuod
H

C=
,H α elo- if sn



Table 9
��
������������
����-1), in IR-spectra of kerosene and gas oil fractions after cracking of vacuum distillate

of Atyrau oil at 500°�����	
���
�
���
����������������
���


Table 8
Continued
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retamwaR ai l f wol
oh1.0etar ru 1- ,

enI tr a mt erehpso

retamwaR ai l f wol
oh1.0etar ru 1- ,

Airf oh50.0etarwol ru 1-

retamwaR ai l f wol
oh0.1etar ru 1- ,

Airf oh50.0etarwol ru 1-

retamwaR ai l f wol
oh0.1etar ru 1- ,

Airf oh51.0etarwol ru 1-

C al ss ifi ac it fono ht e
sdnab

0792 0892 3792 7692

ecnelaV iv arb it dnabno
Crof −H ni HC 3

9392 3592 7492 7292

7782 4782 0492 0682

7682 2982 3782 -

- 0071 8271 -
ecnelaV iv arb it dnabno

negyxolynobracrof

0661 7661 6561 -
Vi etfosnoitarb mr ni al

em yht enel g or pu

6841 9151 6841

ofeD mr noita iv arb it o sn
Cfo −H ni HC 2

HCdna 3

0841 6841 0841

0741 9641 4641 7641

4641 6641 3541 0641

3931 3931 3931 7831
ofeD itamr no f tal

vi etfosnoitarb mr ni al
em yht enel g or pu

729 339 139 -

sA ym em t ecnelavcir
vi snoitarb ni et mr ni al

ecnelavrospuorgyxope
vi Sfonoitarb − dnaO

orgO=S u sp ni
s flu o ix d se

157 557 747 047
vecnelaV i fonoitarb

C− Sro,S − O=SdnaO
org u snisp flu o ix d se

retamwaR ai l f wol
oh1.0etar ru 1- ,

enI tr a mt erehpso

retamwaR ai l f wol
oh1.0etar ru 1- ,

Airf oh50.0etarwol ru 1-

retamwaR ai l f wol
oh0.1etar ru 1- ,

Airf oh50.0etarwol ru 1-

retamwaR ai l f wol
oh0.1etar ru 1- ,

Airf oh51.0etarwol ru 1-

C al ss ifi ac it fono ht sdnabe

- - 0203 -
ecnelaV iv arb it fono

C− dnabH ni et mr i lan HC= 2

5692 1792 8692
ecnelaV iv arb it fono

C−H ni HC 3
0492 0492 0492 3392

9682 2782 3782 0682

7251 4661 7461 - ecnelaV iv arb it etfono mr ni al
em yht enel g or pu R2 HC=C 21861

0841 2841 0841 0641
ofeD mr noita iv arb it fosno

C−H ni HC 2 dna HC 3

3741 7741 - ofedcirtemmysA mr noita
iv arb it Cfono −H ni HC 37641 7641 2741 -



Table 11
Hydrocarbon composition of kerosene gas oil fractions
after cracking of vacuum gas oil of Atyrau oil at 500°����

����������
�����������	 ������-1 flow rate of 0,2 % sus-
pension of 14 % composite catalyst

Table 10
Hydrocarbon composition of vacuum distillate

of Atyrau oil

Table 9
Continued

Eurasian ChemTech Journal  3 (2001) 97-106

Oxidative Catalytic Cracking of Heavy Oil Residues104

retamwaR ai l f wol
oh1.0etar ru 1- ,

enI tr a mt erehpso

retamwaR ai l f wol
oh1.0etar ru 1- ,

Airf oh50.0etarwol ru 1-

retamwaR ai l f wol
oh0.1etar ru 1- ,

Airf oh50.0etarwol ru 1-

retamwaR ai l f wol
oh0.1etar ru 1- ,

Airf oh51.0etarwol ru 1-

C al ss ifi ac it fono ht sdnabe

6831 3931 7831
ofeD mr noita iv arb it fosno
et mr ni a eml yht enel

g or pu HC= 2

- 139 - -

N no f al oft mr noita iv arb it o sn
Cfo − dnobH ni et mr ni al

orgyxope u ecnelavrosp
iv arb it on Sfo − O=SdnaO

org u sp ni s flu o ix d se

In general, IR-spectra indicate presence of the same
functional group of hydrocarbons both in light gas
oil and cracking gasoline.

Influence of catalytic cracking conditions of
vacuum gas oil on the degree of destruction of high
molecular hydrocarbons was determined with GLC
method both for the raw material (Table 10), and for
kerosene and gas oil fractions of the product (Table

11-13). As one can see from Table 10 the main part
in the original gas oil take hydrocarbons with 14-22
carbon atoms. Share of high molecular hydrocarbons
(over �24) is 10 % (Table 10).

��� �
������	��
���10��17 hydrocarbons take great
share after cracking of this raw material with low
flow rate in inert atmosphere (Table 11) and in air
presence (Table 12). No high molecular hydrocarbons
were found.

snobracordyH

ecnocnobracordyH tn oitar ,n %

Li en ra
st tcur u er

O ht wre hti s ma e
n mu cforeb ra nob

ota sm
latoT

Cwoleb 01 - 8.1 8.1

C 01 - 9.0 7.2

C 11 6.0 6.1 9.4

C 21 5.0 5.2 9.7

C 31 3.0 1.4 3.21

C 41 6.0 9.5 8.81

C 51 0.1 2.3 0.32

C 61 1.1 0.8 1.23

C 71 0.3 8.81 9.35

C 81 5.3 5.31 9.07

C 91 1.1 6.6 6.87

C 02 1.1 5.5 2.58

C 12 5.0 3.3 0.98

C 22 3.0 4.1 7.09

C 32 2.0 2.1 1.19

C 42 3.0 - 4.19

snobracordyH

ecnocnobracordyH tn oitar ,n %

Li en ra
st tcur u er

O ht wre hti s ma e
n mu cforeb ra nob

ota sm
latoT

Cwoleb 01 - 1.4 1.4

C 01 - 4.2 5.6

C 11 4.0 8.5 7.21

C 21 5.0 1.8 3.12

C 31 6.1 2.6 1.92

C 41 6.0 1.7 8.63

C 51 0.1 8.01 6.84

C 61 1.1 3.9 0.95

C 71 2.1 8.9 0.07

C 81 7.0 2.01 9.08

C 91 4.0 3.7 6.88

C 02 3.0 2.1 1.09

C 12 2.0 2.3 5.39

C 22 3.0 3.3 1.79

C 32 1.0 6.2 8.99



Table 12
Hydrocarbon composition of kerosene gas oil fractions
after cracking of vacuum gas oil of Atyrau oil at 500°�

�����	 ������ -1 flow rate of 0,2 % suspension of 14 %
composite catalyst. Airflow rate is 0.05 hour-1

Table 13
Hydrocarbon composition of kerosene gas oil fractions
after cracking of vacuum gas oil of Atyrau oil at 500°�

������
	�����-1 flow rate of 0,2 % suspension of 14 %
composite catalyst. Airflow rate is 0.15 hour-1
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If raw material flow rate is 1,0 hour-1� ����	���

������	��
�������
�����������������������
�	��
������

���������������� ��	��13��19 (Table 13). Yield of gas
and gasoline is declining. Kerosene and gas oil frac-
tion is prevailed (compare with Tables 4 and 5). The
obtained data show that decomposition of high mo-
lecular hydrocarbons is symmetric during oxidative
cracking of vacuum gas oil at 1.0 hour-1 flow rate.

Conclusions

Optimum conditions for cracking of vacuum dis-
tillate using low percent suspension of natural
composites to produce light hydrocarbons with high
yield were determined.

It is shown that activity of the composite catalysts
depends on the ratio of activated zeolite and natural
clay. Suspension of 0.2 % composite with 14 % zeo-
lite in heavy oil is the best for production of light
motor fuel.

During oxidative cracking of vacuum gas oil ole-
fin dehydrogenation is increased at low flow rate of

snobracordyH

ecnocnobracordyH tn oitar ,n %

Li en ra
st tcur u er

O ht wre hti s ma e
n mu cforeb ra nob

ota sm
latoT

Cwoleb 01 - 5.2 5.2

C 01 - 6.3 1.6

C 11 4.0 8.5 3.21

C 21 5.0 7.6 5.91

C 31 4.0 2.7 1.72

C 41 0.1 1.01 2.83

C 51 7.0 4.21 3.15

C 61 9.0 5.31 7.56

C 71 5.0 7.01 9.67

C 81 3.0 3.6 5.38

C 91 2.0 8.3 5.78

C 02 3.0 9.2 7.09

C 12 2.0 4.1 3.29

C 22 1.0 - 4.29

snobracordyH

ecnocnobracordyH tn oitar ,n %

Li en ra
st tcur u er

O ht wre hti s ma e
n mu cforeb ra nob

ota sm
latoT

Cwoleb 01 - 9.3 9.3

C 01 - 5.1 4.5

C 11 1.0 8.1 3.7

C 21 3.0 0.2 6.9

C 31 2.0 6.2 4.21

C 41 6.0 4.4 4.71

C 51 7.0 2.01 3.82

C 61 9.0 5.41 7.34

C 71 3.1 2.61 2.16

C 81 9.0 4.11 5.37

C 91 7.0 3.9 5.38

C 02 5.0 1.5 1.98

C 12 4.0 2.4 7.39

C 22 2.0 2.3 1.79

C 32 1.0 7.1 9.89

C 42 1.0 7.0 7.99

the raw material. Formation of aromatic hydrocar-
bons of gasoline fraction is growing together with raw
material flow rate growth.

Formation of kerosene and gas oil fractions mainly
and reduction of gas and gasoline yield during
cracking when raw material flow rate is 1.0 hour-1

proves that destruction of high molecular hydrocar-
bons proceeds symmetrically.
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