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THERMOLYSIS OF PETROLEUM PRODUCTS
IN THE PRESENCE OF SHALE AND ZEOLITE

Abstract. This work presents the results of the process of thermolysis of straight-
run fuel oil of the Pavlodar Oil Refinery using the Kendyrlyk shale and zeolite of the
Semey-tau deposit as an activating additive. By spectral analysis has been shown that the-
re is a significant amount of elements which manifest catalytic properties (Mo = 6-10 %,
Ni =2:10°%, Ti = 1.8:10" %, Zn = 50-10° %) in zeolite treated at 400 °C. The thermally
treated zeolite was examined using thermogravimetric (DGA) and infrared spectroscopic
analysis methods. It has been demonstrated that, the increase concentration of zeolite in
the system from 1 to 5%, the yield of light petroleum products in the fractions increase
and reache the values obtained in the use of combustible shale. Based obtained data the
effect of zeolites on the process of thermolysis of HOR (heavy oil residues), it can be said
that the reaction of catalytic cracking of molecules of heavy materials occurs via the
carbonium-ion mechanism both in the presence of an organo-mineral activator and of
zeolite.

Key words: catalytic thermal treatment, activating additives, shale, fuel oil, zeolite.

Introduction. On the world market of raw materials, there are relatively high
prices for the main energy carriers and mostly for oil. Economically developed
countries, as well as countries such as China and Singapore, are forced to invest
hundreds of millions of dollars in developing technologies for obtaining energy
carriers from alternative renewable sources, the production of which is profitable
only against expensive oil and gas.

In this regard, the problem of improving existing promising technologies for
advanced oil processing and of developing the new ones is still a major concern
for the domestic petroleum industry [1].

Together with “Institute of Fossil Fuels” FSUE we have developed an ori-
ginal process of thermochemical processing of heavy oil residues of native and
destructive origin (fuel oil, tar, heavy tars of pyrolysis, cracked residues, used
oils, etc.) in the presence of activating additives, which has no analogues abroad
and is carried out in the range of pressure of 0.5-2 MPa, and temperature of 400-
430 °C without hydrogen [2, 3].

Natural substances of sapropelite origin (combustible shales, peat, sapro-
pelites, liptobiolites, bogheads, etc.) are used as activating additives. Their effect
on oil residues has been studied by the example of the use of combustible shales.

Combustible shales actively promote the occurrence of hydrogenation
reactions of unsaturated compounds formed during the cracking of oil residues
and prevent intensive coke formation. On the other hand, the mineral part of
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shales containing aluminosilicates, oxides of iron, molybdenum, cobalt, nickel
and other catalytically active metals, also contributes to the intensification of the
reaction of cracking and hydrogenation [4-5].

The process of thermal destruction of oil residues in the presence of organo-
mineral activators (combustible shales) occurs via the carbonium-ion mechanism,
and the mineral part of the shale plays the role of a coke pusher and to a certain
extent has a catalytic effect, so we decided to intensify the process by using
zeolites, which are acids of the Bronsted and Lewis.

EXPERIMENT

This work presents the results of the process of thermolysis of straight-run
fuel oil of the Pavlodar Oil Refinery using the Kendyrlyk shale and zeolite of the
Semey-tau deposit as an activating additive. The experiments were carried out in
a steel intensively agitated rotating reactor with a volume of 0.3 liters. The
fractional composition of the raw materials and of reaction products was deter-
mined in accordance with GOST 2177. IR spectra of zeolites were recorded on a
Perkin-Elmer-557 spectrophotometer. Samples of zeolites were ground, the pow-
der was compressed in the form of tablets weighing 6-8 mg, which were placed in
a special vacuum container, which allowed performing heat treatment of the
sample and adsorption of various molecules from the gas phase. The vacuum
system made it possible to reach a vacuum of 10° Torr. The thermogravimetric
studies were carried out with a MOM 1200 instrument. The linear temperature
rise was carried out at a rate of 10 deg/min (x 1 deg/min) from room temperature
to 900 °C. Spectral analysis of the samples was recorded on Eplison X-ray fluo-
rescence spectrometer.

Straight-run fuel oil of Pavlodar Oil Refinery with the following physical and
chemical characteristics was used as raw material: density of 937 kg/m®, viscosity
at 80°C 10.5 °E, content of asphaltenes 1.9 and of sulfur 2.2% wt.

Zeolite of the Semey-tau deposit was chosen as a catalyst. Physical and
chemical characteristics of the zeolite of the Semey-tau deposit are as follows:
color - reddish, gray; chemical composition: SiO, - 72.80%; Al,O; - 10.61%;
Fe,03 - 1.50%; K,0 - 5.04% and other metal oxides in small quantities. Ordinary
shale of Kendyrlyk (W? - 0.8%, A’ - 46.5%, CO, - 14%, H™" - 9.43%, S' - 1.51%,
N%" - 0.26%) with particle size < 200 um was used as an organo-mineral
activator.

RESULTS AND DISCUSSION

In order to optimize the thermolysis conditions, a study has been performed
using shale and zeolite as an activating additive (table 1).

As is seen from table 1, when using zeolite of Semey-tau deposit as an
additive in the amount of 5.0 % wt, the yield of light distillate fractions reaches
the values obtained with 10.0% of combustible shale additive.
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Table 1 — Catalytic processing of fuel oil in the presence of activating additives
(688 K, processing time 60 minutes)

Additive Product yield, % wt
Additive quantity, gas up 180 to higher coke
% wt t0180°C | 360°C | than 360 °C
- - 8.1 15.2 14.2 57.4 5.1
Shale 10 5.8 14.2 42.0 34.5 35
Shale-Semey-tau 5 3.0 12.3 334 51.5 1.8

Natural zeolite of Semey-tau deposit is classified as the type of minerals of
clinoptilolite with the ratio of SiO,/Al,O; = 6.84. Such properties of natural
zeolite as sorption, catalytic and molecular stability are observed only in its dehy-
drated state. Therefore, natural zeolite was heated at various temperatures at an
interval of 473-1073 K.

Catalytic thermal treatment of fuel oil was studied on zeolites heated at
various temperatures. The results are represended in table 2.

Table 2 — Influence of heat treatment on the catalytic properties zeolite and its concentrations
at the thermolysis of fuel oil (688 K, processing time 60 min)

Temperature of BET Additive Product yield, % wt
heat treatment, surfacze area, | quantity, gas up to 180to | >360°C | Yre
°C m°/g %o wt 80°C | 360°C
1 3.0 13.8 30.1 53.1 43.9
200 40.2 3 35 15.0 375 44.0 52.5
5 4.2 16.2 39.5 40.1 55.7
1 4.0 121 345 49.4 46.6
400 62.5 3 35 15.6 36.1 44.8 51.7
5 25 18.2 40.5 38.8 58.7
1 41 11.3 30.1 54.5 41.4
600 56.1 3 3.9 116 32.3 52.2 43.9
5 3.6 13.2 34.6 48.6 47.8
1 45 10.6 29.6 55.3 40.2
800 285 3 4.2 11.0 31.8 53.0 428
5 4.0 12.8 351 48.1 47.9

As is seen from the table, the yield of products has increased by 12 % wt
with the use of zeolite treated at 400 °C. The yield of the gasoline fraction has
increased to 6 % wt, and the yield of the third fraction and of gas has decreased.
This can be explained by the changes observed in zeolite treated at 400 °C. The
processed zeolite is also characterized by a large specific surface (table 2). Based
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on this, a zeolite treated at T = 400 °C was used to determine the optimal con-
ditions for the hydrogenation of coal.

By spectral analysis, it has been demonstrated that there is a significant
amount of elements that are hydrogenation catalysts (Mo = 6-10" %, Ni = 2:10° %,
Ti = 1.8:10™" %, Zn = 50-10° %) in zeolite treated at 400 °C. These elements
contribute to increasing the catalytic activity of the natural zeolite in the process
of coal hydrogenation.

The thermally treated zeolite was examined using thermogravimetric (DGA)
and infrared spectroscopic analysis methods. The results of DGA have shown that
the process of dehydration of zeolite begins at the lowest temperatures, from
about 60 °C, and proceeds continuously over a wide temperature range up to
400 °C, at the same time, the effect reaches its maximum between 150 and
180 °C. The water is discharged continuously and smoothly, which does not
correspond to the character of the weight loss curve. This distinguishes clinopti-
lolite from other zeolites, in which the process of dehydration occurs in stages.
Within the range of 400-500 °C, the observed low endoeffects are caused by an
addition of clay mineral, and the higher-temperature endoeffect at 780-850 °C is
caused by an addition of carbonate substance, the dissociation of which is
recorded on the curves of DTA, DTG and TG.

In the IR spectra of zeolite, there are absorption bands in the wavelength
range of 3691-3264 cm™ corresponding to OH-groups in the range of 1645 cm™,
corresponding to hydroxonium ions [H3O] +, oscillations in the range of 1219-
1043 cm™ corresponding to the frame of Al, SiO, (TO,). In zeolite treated at
673 K, in the wavelength range of 1423 cm™, OH-groups were found, which were
not observed at other temperatures and are associated with Lewis aprotic centers.
These changes can be explained by the restructuring of the zeolite frame due to
the dehydration reaction.

It is shown (table 2) that, with the increase in the concentration of zeolite
from 1 to 5%, the yield of light petroleum products fractions increases and rea-
ches the values obtained in the use of combustible shale. The process occurs
without pellet formation.

Table 3 — Effect of the shall: zeolite ratio on the thermolysis of fuel oil (415 °C, 60 min)

Additive concentration, % wt. Product yield, % wt

Zeolite shale zeolite gas | upto | 180to | >360°C | Eire | coke
180°C | 360°C
5.7 15.2 38.6 38.3 53.8 2.2
5.4 13.1 38.6 39.8 51.7 3.1
5.2 14.2 38.8 39.3 53.0 2.5
4.8 15.1 38.6 38.8 53.7 2.7
5.0 13.8 415 37.1 55.3 2.6
4.9 143 42.2 36.4 56.5 2.2
55 17.6 45.2 27.9 62.8 3.8

400 °C

RlwlO|F,|Ww|Oo1|©
QOO |wW| W w|kF
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Cracking capability of zeolites, which are characterized by Lewis acidity,
makes it possible to conduct thermolysis of fuel oil with the replacement of most
of the combustible shale (table 3). With the ratio of shale: zeolite 1 : 3 (i.e., the
total number of activators is 4%), the yield of light petroleum products during
thermolysis of fuel oil reaches 57-59% with low coke formation (3 to 5 % wt). At
the same time, the whole coke is deposited on the zeolite and is taken out with it
from the reactor.

Conclusion. Based on the obtained data on the effect of zeolites on the
process of thermolysis of HOR (heavy oil residues), it can be said that the reac-
tion of catalytic cracking of molecules of heavy materials occurs via the carbo-
nium-ion mechanism both in the presence of an organo-mineral activator and of
zeolite.

Activating additives play the role of both a catalyst and a reservoir of coke
deposits. Rich with coke solid phase of zeolite particles or of the mineral part of
the combustible shale together with the unreacted residue can be used to obtain
high-quality road bitumen. Thus, the results obtained indirectly indicate that
combustible shales and, in particular, their mineral part are a catalyst for cracking
fuel oil the same as natural and artificial zeolites.
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Pe3iome

K. K. Kaiivipbexos, E. A. Oybaxipos, U. M. [[icendvibaesa, 3. T. Epmonouna

MYHA# OHIMIEPIH TEPMUSUIBIK OHJIEY KE3IH/IE
TAKTATAC IIEH LIEOJIUTTI AWJIAJIAHY

Bepinren xymbicta [laBnogap MO3 Typa aiiman anblHFaH Ma3yTKa OeJICECHAIpyIi
Kocma petinge KeHmaepimik keH opHbI TakraTachl MeH «CeMei-Tay» KeH OPHBI IICOJIUTIH
KOCY apKbUIbI TEPMOOHJEY YpIICi KYPri3UIreH jKOHE OHBIH HOTIIKeNepl KOpPCEeTLIreH.
Cnexrpanbai Tannay oapici kemeriMen 400°C neifiH eHIenreH LEONUT KypaMblHIOa Ka-
TATH3aTOPIBIK KACHET TAHUTATHIH DJIEMEHTTep Gap exeHairi anbikramas (Mo = 6-107 %,
Ni = 2-10° %, Ti = 1.8-10™ %, Zn = 50-10% %). TepMuUsIBIK OHICITEH [EONHUT TEPMO-

88



ISSN 1813-1107 M2 2019

rpaBumMeTpusiblK (DHA) sxone UK-criexTpitik Tanmay omictepimen 3eprrenmini. [leomur
KOHIICHTPaUUACHIHBIH 1-1eH 5%-Fa JeiiiH apThIpFaHaAd MYHAl eHIMACPiHiH XeHiT (pak-
USUTAPBIHBIH, OHIMJILIITT apTHII, JKaHFBIII TaKTaTac KOMETIMCH aJbIHFAaH MOHAEPTe JKe-
temi. LleomuTrepmin MYHAHIBIH ayblp KaJABIKTApBIH TEPMOOHIEY YpIiCiHE ocep eTyi
TypaJbl allbIHFaH JEPEKTep HETIi3iHAe, OpPraHO-MUHEPAIIbl aKTHBATOP MEH IICOIUTTIH
KATBICYBIH/IA aybIP MIMKI3aTThIH MOJICKYJIaapbIHBIH KATATUTUKAIBIK KPEKUHT PEAKIUSICHI
KapOOHUIA-HOH/IBIK MEXAHN3MI apKBLIbI )KY3€Te aChIPbLIA b ISl aiiTyFa OO IbL.

Tyiiin ce3gep: TepMOKAaTaIHTHUKANBIK OHACY, OEICEHIIpymIi Kocmaiap, TaKTarac,
Mas3yT, LEONHUT.

Pesrome
K. K. Kaupbexos, E. A. Aybaxupos, U. M. [{cendvibaesa, 3. T. Epmonduna

NCTIOJIbB3OBAHUE CJIAHITA 1 ITEOJINTA
TP TEPMOJIU3E HEO®TEIMPOAYKTOB

[IpuBeneHs! pe3ynbTaThl Ipolecca TEPMOJIM3a MPSIMOTOHHOTO MasdyTa I[laBmomap-
ckoro HII3 ¢ wmcrmoms30BaHMEM B KadecTBE aKTUBUPYIOIMIEH T00ABKH KEHIBIPIBIKCKOTO
cllaHLa U Ieosnuta MectopoxacHus «Cemei-tay». C MOMOIIBIO CHEKTPAIbHOTO METOAA
aHanu3a ObUIO TMOKa3aHo, 4To B Leonute, oopadotantom mpu 400 °C, npucyTcTByeT 3Ha-
YUTENIBHOE KOJMUYECTBO 3JIEMEHTOB, SIBIISIOIIUXCS KaTaIU3aTOPaMHU Pa3IMYHBIX IIpOLEc-
coB (Mo = 6-10* %, Ni = 2:10° %, Ti = 1,8-10™ %, Zn = 50-10° %). Tepmuuecku 06-
pabOoTaHHBIN IEOUT OBbLI MCCIEAOBAH C MOMOIIBI0 TepMorpaBumerpuueckoro (JAIA) u
UK-criekTpaibHOr0o MeTonoB aHayim3a. [lokazaHo, 4TO C yBEIWYEHHEM KOHIIEHTPALUH
neonuta ot 1 10 5 % BeIXO (pakumii CBETNBIX HEDTEPOAYKTOB pacTeT U JOCTUTALT 3HA-
'-IeHPIfl, MOJIy4ac€MbIX MPH UCIIOJIB30BAHHUU I'OPOYETo CliaHIa. Ha ocnoBanun TMOJTYUYCHHBIX
JaHHBIX 110 BIMSHHIO LIEOJIMTOB Ha npouecc Tepmonusa THO MoxHO yTBep»naTh, 4ToO B
MPUCYTCTBUH KaK OPraHOMHUHEPAJIBHOTO aKTHBATOPA, TaK M IIEOJUTA IMPOTEKAET PEeaKIHs
KaTaJIATHYECKOT0 KPEKHMHTa MOJIEKYJ TSDKEJIOTO CHIPhSl MO KapOOHWH-MOHHOMY MeXa-
HU3MY.

KnioueBble cioBa: TepMoKaTaIUTHIECKas MepepaboTKa, akTUBUPYIOIIUE 100aBKH,
CJIaHELl, Ma3yT, LCONIHUT.
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