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THERMAL CRACKING OF FUEL OIL IN SLATE MIXTURE

Abstract. The results of investigation of thermal cracking of fuel oil of Zhanazhol deposit in the mixture with
bituminous slate are specified in this article to obtain motor fuels and raw materials for catalytic cracking. The
dependence of light distillate fractional yield of slate concentration (3-12 wt. %), temperature (668-708 K) and time
of thermal cracking are determined by the method of non-linear regression. According to the light distillate fractional
vield, the following can be considered as optimal conditions of reaction: temperature 688 K, time of treatment
60 minutes and quantity if activating agent (slate) 9 wt. %. Total light distillate fractional yield under these condi-
tions reaches 50.8 wt. %. The obtained light distillates of cracking contain moderate quantity of aromatic hydro-
carbons (25.5-30.1 %), unsatisfied compounds (iodine value is equal to 1.5-3.9) and very small amount of sulphur
(0.01-0.04 wt. %), that ensures compliance with modern requirements for gasoline and diesel fuels according to
environmentally hazardous components.
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Introduction. Ever-growing demand on motor fuels, which at least pollute environment, stipulates
further development of advanced processing of high-molecular oil raw material (boiling temperature
exceeds 520-560 “C), as well as solid combustible minerals (coal, slate, top soil).

Strengthening of requirements for the quality of obtained products leads to significant changes of
process diagrams and methods of use of the specified types of raw materials [1-3].

An original process of thermochemical treatment of black oil fuel of native and destructive origin
(fuel oil, tar, reduced pyrolysis resin, cracked residual, used oils, etc.) is developed in Russian and
Kazakhstan, which includes the use of activating agents, which have no analogues abroad. This process is
implemented at a pressure of 0.5-2 MPa, temperature of 400-430 °C without hydrogen [4-6].

Natural agents of sapropelite origin (bituminous slate, top soil, sapropelites, liptobiolites, boghead
minerals) are used as activating agents. The effect of their interaction on oil residuals is studied on the
example of use of bituminous slate [7-12]. It is established, that organic and mineral parts of bituminous
slate have an activating influence on thermal conversion of heavy-oil products. Thus, various compounds,
offering properties of hydrogen donators are generated during deconstruction of organic mass of slate
(kerogen) within a range of temperatures of 370-420 °C. These compounds actively conduce to the hydro-
genation reaction of unsatisfied compound, which are created during cracking of oil residuals and prevent
heavy carbon producing.

On the other hand, mineral part of slate, which contains alumosilicates, black iron oxide, molybde-
num, cobalt, nickel and other catalytic active metals, also conduces to the intensification of reactions of
cracking and hydrogenation. While using bituminous slate as activating agent in the quantity of 5-25 %
and containing 15-70 % of kerogen, the process of thermal cracking of oil residuals, implemented within a
range of temperature of 390-450 °C can be controlled, with light distillate fractional yield up to 70 %
without pellet and carbon producing, not exceeding 5 % [13-20].

Experiment. The results of investigation of development of slate thermal cracking in the mixture
with refined bituminous slate are specified in this article to obtain components of motor fuels and raw
materials for catalytic cracking.
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Samples of bituminous slate of JSC Kvarts (Kenderlyk deposit), additionally enriched by the
floatation and liquid centrifugal separation methods, with the following specifications (wt. %) have been
used for the investigations: W* 1.2-1.3; A? 18-22; C* 74.2-74.7; H* 8.9-9.0; S* 1.2-1.4; N*¥ 0.4-0.5;
Q™ 14.5-15.0. Silicium (58.2 wt. %) and aluminium compounds (17.2 wt. %) prevail in the composition
of mineral part of Kenderlvk slate.

Fuel oil of Zhanazhol oil withh a boiling temperature of >520 °C with the following specifications
has been used as raw material: density at a temperature of 20 "C 0.933 g/cm’; viscosity 9.8 ¢St.; content of
asphaltene 1.6 and solids 0.3 wt. %. Thermal cracking has been carried out in rotating autoclave with a
volume of 2 1 at a temperature of 400-440 °C and operating pressure of nitrogen of 5-8 MPa.

Slate has been mixed with fuel oil up to 12 wt. % while preparing oil and slate paste refined in ball
mill (table 1). The obtained paste has been singly dispersed in laminar dispersant of Pushkin-Khotuntsev
with holes between plates of 1.0 mm at a speed of moving plate rotation of 1420 rpm.

Table 1 — Influence of slate concentration
on product yield (wt. %) of catalytic thermal treatment of fuel oil and slate (688 K, 60 min, 5 MPa)

) The amount of oil shale, wt.%
The thermolysis product
0 3 6 9 12
Gas 8.1 4,9 53 55 7.8
Fraction up to 180 °C 15,0 7.1 10,8 13,5 20,0
Fraction 180-360 °C 14,0 28,7 31,8 37.3 39,0
Fraction> 360 °C 62,9 59.3 52,1 433 332
The total yield of light distillates 29.0 35,8 42.6 50,8 59.0

The results of investigation of slate concentration influence on thermal cracking of fuel oil show that
the increase in concentration of slate leads to the increase in light distillate fractional yield up to 50 %.

It is worth noting that thermal cracking of fuel oil with slate additives proceeds with insignificant gas
production (4.9-8.1 wt. %), ensuring the high yield (more than 90 %) of ash-free hydrotreated feed and
components of motor fuels.

According to the data specified in Table 1, the dependence of light distillate fractional yield on the
quantity of slate (x) and fractional yield >360 °C (y) has been determined by the method of non-linear
regression.

G (x,y) =4,483*x + 0,4569*y — 0,02491 *x*y g))

Data specified in table 2 shows that function G (x, y) satisfactorily present experimental data. The
diagram of function G (x, y) is shown on figure 1. It can be seen that the dependence of light distillate
vield on the quantity of slate is linear: light distillate yield increases, when the slate weight increases.

The results of investigations under autoclave conditions are specified in tables 3-5. According to the
data specified in table 3, it is worth noting that light distillate fractional yield is equal to 37.0-50.8 %
depending on the temperature of thermal cracking. Besides, the yield of gasoline fraction increases with a
boiling temperature up to 180 °C increases from 6.2 % at a temperature of 668 K up to 21.2 % and at a
temperature of 708 K the yield of diesel fraction with a boiling temperature of 180-360 °C is equal to 30.8-
23.2 %, correspondingly.

Table 2 — Comparison of experimental and design data
on the dependence of total light distillate yield on quantity of slate and fractions >360°C

Total yield of light products 100*Alexp
- - A= (exp.-calc.) o ’
experiment calculation 70
29,0 28,74 0,26 0,8966
358 36,11 -0,31 -0,8659
42,6 42,91 -0,31 -0,7277
508 5042 0,38 0,7480
59,0 59,05 -0,05 -0,0848
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Table 3 — Influence of temperature on thermal cracking of fuel oil mixed with slate (9 % of slate, 60 min, 5 MPa)

. Temperature, K
The thermolysis product

668 678 688 698 708
Gas 3,0 44 5.5 7.1 9.1
Fraction up to 180 °C 6.2 11,9 13,5 17.6 21,2
Fraction 180-360 °C 30,8 349 37.3 31,0 23,2
Fraction> 360 °C 60,0 48.8 433 44,3 46,5
The total yield of light distillates 37,0 46,8 50,8 48.6 44 4

According to the data specified in table 3, the diagram of dependence of total light distillate yield on
the process temperature is constructed (figure 2). It is shown on the figure that light distillate yield has a
polynomial dependence on temperature (R=0.9845).

y = -0,024x2 + 33,78x - 11627
R2 = 0,984
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Figure 2 — Dependence of light distillate yield on thermal cracking temperature

The function describing total light distillate yield G (t, n) of ¢ temperature and fractional yield 360 °C

n, is the following:

G (t, n) = 0,1492%t + 3,663*n — 0,007045*t*n
Function repeatability is specified in table 4, and its diagram is shown on figure 3 in 3-D coordinates.
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Table 4 — Comparison of experimental and design data
on the dependence of total light product yield on temperature and fractions >360°C

Total yield of light products
. . A=(exp.-calc.) 100*Afexp., %
experiment calculation
37,0 37.1 -0,1 -0,2703
46,3 46,9 -0,1 -0,2137
508 51,3 -0,5 -0,9843
48,6 48,6 0 0
44,4 44,0 0.4 0,9009

Figure 3 — The graph of the function G (t, n)

The results of investigation of influence of thermal cracking time duration on main results of the
process (table 5) show that when the time of reaction changes from 10 to 60 minutes, the yield of gasoline
fraction increases (from 7.5 to 13.5 %) and yield of medium distillates increases (from 22.6 to 37.3 %),
which are better that indices of industrial process of thermal cracking of such type of raw material.

Table 5 — Results of thermal cracking of fuel oil mixed with slate at a various time duration of the process
(688 K, 9 % slate, 5 MPa)

. Thermolysis time, min
The thermolysis product

10 15 30 45 60
Gas 2,0 2,8 3.7 52 55
Fraction up to 180 °C 7.5 8.9 10,5 13,5 13,5
Fraction 180-360 °C 22.6 283 331 36,9 373
Fraction> 360 °C 67,5 60,0 527 444 433
Coke on a solid phase 24 2.8 3,7 52 5,5
The total yield of light distillates 30,1 372 436 50,4 50,8

According to tables 1, 3, 5, the yields of gasoline fractions with a boiling temperature up to 180 °C is
equal to 13.5-20.0 % at a temperature of 688 K, and the yield of diesel fractions is equal to 37.3-39 %.
Gasoline and diesel fractions of cracking (table 6) contain moderate quantity of aromatic hydrocarbons
(25.5 and 30.1%, correspondingly), unsatisfied compounds (iodine value is equal to 1.5 and 3.9) and very
small amount of sulphur (0.01-0.04 wt. %), that ensures compliance with modem requirements for
gasoline and diesel fuels according to environmentally hazardous components.
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Table 6 — Specification of distillate products of thermal cracking of fuel oil mixed with slate

Pl Fractions with b.t., ° C
up to 180 180-360
Density at 20 ° C, g/cm3 0,7460 0,8696
The refractive index, n3° 1,4200 1,4795
Group hydrocarbon composition, wt.%
paraftin + naphthenic 74.5 69,6
aromatic 25,5 30,1
Todine number, g J2 / 100 g of product 1,5 3.9
Element composition, wt.%:
C 85,50 87,14
H 13,82 12,81
S 0,01 0,04
N 0,08 0,01

Conclusion. Therefore, to optimize the conditions of thermal cracking, the investigation has been
carried out using simple slate of Kenderlyk deposit as activating agent. The influence of slate concen-
tration, temperature and time of reaction on thermal cracking product yield has been studied. According to
the yield of distillate fractions, the following can be considered as optimal conditions of reaction: tem-
perature 688 K, time of treatment 60 minutes and quantity if activating agent (slate) 9 wt. %. Total light
distillate fractional yield under optimal conditions reaches 50.8 wt. %.
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K. K. Kanp6exos', I. M. :xenapioaesa', . T. Epmosmna’, A. C. Manoaernes’

'O-Dapabu aremEaarsr Kazak yirTeik yauBepcuTeTi, Amvarsr, KasakcTan,
“Topasiit macTHTYT HUTY MUCHC, MockBa

MA3YT HEH TAKTATAC KOCITACBIH TEPMUAJBIK KPEKHUHT'JIEY

AnnoTtanmsi. Makanaza MOTOP OTBIHAAPHI MEH KATAMTHKAIBIK KPSKHHTKE APHAIFAH IIHKI3aT Iy MaKCaTBHIHIA
JKanaxomr K€H OPHBIHBIH MA3yThIH KAHFBIII TAKTATAC KOCHACHIHAA TEPMILIIBIK KPEKHHITEY YPIICIHIH HOTIKENIEP]
keqripiared. ChI3BIKTBIK EMEC PETPECCHSUIIBIK TANAy dMICIMEH KEHLT THCTHIULIT (DPAKIMIAPBIHBIH TAKTATAC KOH-
neHTpanmiceiHa (3-12 Macc.%), remmneparypara (668-708 K) »oHe TEPMOKPEKHMHITI JKY3€T€ achIPy Y3aKTHUIBIFBIHA
(10-60 MuH.) ToyenmimikTepi aHBIKTANAbL JKeHINT TUCTHILIATTAPABIH IIBIFBIMBIHA KAPAHTHIH OOJICAK, OHTAWIBI JeH
688 K temmeparypansl, 60 MHHYT YaKbITTHI X9HE 9 Macc. % TakracTac KOHLIEHTPALMICHIH aiityra Oomaael. Ochl
OHTAIIIBI JKAFAANHIapAa KEHLT CYIBIK eHIMAep mbIFBIMBEL 50,8 Mac. %-Fa KETETIHAIT] JONeNIeH Il ABIHFAH JKEHII
KPEKHHT JTUCTHULITAPBIHBIH KypaMbIHIA OpTama Memmiepae apoMartsl (25,5-30,1%) skoHe KaHBIKIMAFaH KOMIpCy-
TekTep (fiox camer 1,5-3,9) anpikramraH. COHBIMEH KaTap, SKOJOTHSUIBIK KayinTi KOMIIOHEHTTEPI OOWBIHIIA OCH3UH
MCH TU3CTb OTHIHAAPBIHA KOHBLIATHIH TANANTHI KAHAFATTAHIBIPATHIH KYKipT Memmepi (0,01-0,04 macc.%) ete a3
E€KEHIIT1 AHBIKTAJIIBL.

Tyiiin ce3aep: TCPMUSIIBIK KPSKHHT, OCTICCHIPTIM KOCTANap, TAKTaTac, MasyT.

K. K. Kanp6exos', I. M. :xenapioaesa’, . T. Epmosuna’, A. C. Manoaernes?

'PI'TI Kazaxckuit HAMOHATBHBIH YHHBEPCHTET HMEHH aTb-Dapabu
JAT'TI HUW HoBbIX XHMHYCCKUX TCXHOJOTHH U MATCPHANIOB, T. AJIMATHI
“Topasiit macTHTYT HUTY MUCHC, MockBa

TEPMUYECKHI KPEKMHI MA3YTA B CMECH CO CJIAHIIEM

Annoramusi. IlpuBeneHBI pe3yibTaThl HCCIACAOBAHHA TEPMHUECCKOTO KPEKWHTa He(TIHOTO MazyTa
MECTOPOKACHHA <« KaHAKOD» B CMECH C TOPIOYHMM CIAHIEM I MOJNYyYCHHSA MOTOPHBIX TOIUIUB H CHIPhA IJIA
KATATUTHYECKOTO KpeKUHra. MeTomoM HENIHHEHHOM PErpecCHH ONPEACNICHBI 3aBHCHMOCTH BBIXOAA CBETIIBIX
JUCTH/ULATHBIX (ppakmuii OoT KOHUCHTpammi cmanma (3-12 wmacc.%), temmeparypel (668-708 K) m BpemcHH
ocymmecTIcHAS TepMOKpekuHTa (10-60 MuH.). Cyaq mo BBIXOAY CBCTIIBIX JHCTHLIATOB ONTHMATGHBIMHA YCIOBHAMH
peakmuu MOXKHO cuuTarh: Temmeparypy 688 K, Bpems mepepaboTknm 60 MHHYT M KOIMYECTBO AKTHBUPYIOMICH
nJobaeku (cmarna) 9 mace. %. CyMMapHbIA BBIXO CBETJIBIX JUCTHIULITHBIX (DPAKIMH NMPH 3TUX YCIOBHAX JOCTHTACT
50,8 macc. %. [lomydcHHbBIC CBETJIBIC MUCTHUILIATHI KPEKMHTA COACP/KAT YMEPEHHOE KOJIHYECTBO APOMATHUCCKHUX
yIIeBOAOPOaOB (25,5-30,1%), HEMpeOeNbHBIX COCOIWHCHHH (HOmHOC 4HCIO paBHO 1,5-3,9) W OueHB Mayoe
kosaecTBO cephl (0,01-0,04 macc.%), 4To oOecreunBacT COBPSMCHHBIC TPCOOBAHMS HA ABTOOCH3MHEI U JH3CTHHBIC
TOILTUBA MO 3KOJIOTHYCCKH OTTACHBIM KOMIIOHCHTAM.

Kimo1ueBnbie ¢/I0BA: TEPMOKATATUTHICCKUH KPEKHMHT, AKTHBUPYIONINE JOOABKH, CTIAHEI, Ma3yT.
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