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The deep processing of oil residues conjunction with shales

Abstract. The results of studies on the development of a new process of thermal cracking of tar oil as a
slurry with crushed oil shale to obtain components of motor fuels. The results suggest doubtless advantages
of the process before the industrial of thermo cracking, since the single-stage processing of raw materials in
relatively in the mild conditions (5 MPa, 425°C, volumetric feed rate 1.0 h-1) is achieved deep destruction
of tar oil (the yield petrol fraction with a bp amounts to up to 180°C - ~12 mass % of middle distillates with
a bp 180-360°C — 43-44 mass %, of raw material for catalytic cracking of a bp 360-520°C — ~15-16%, based
on the initial tar oil). Formed like coke products and raw materials contained in V and Ni is postponed on the
mineral part of slate and removed from the reaction zone with the liquid products of the process.
Keywords: shale, tar, thermal cracking, destruction, liquid products.

Introduction

In the impossibility of increasing oil production
and continued growth in demand for conventional
power processing of heavy residues and high-vis-
cosity oil, natural bitumen, coal and oil shale is be-
coming a strategic direction in the development of
oil processing industry of Kazakhstan, Russia and
the CIS countries.

New trends in Russian development of the tech-
nology is the development of oil refining catalytic
cracking and catalysts of process viscosity breaking,
delayed coking and hydroconversion tar. Of this set
technologies promising can be recognized a process
of hydroconversion of tar, which has, according to
the foreign analogues, is costly and technically dif-
ficult [1].

The process of catalytic cracking is constantly
improving, and the expense of new technological so-
lutions and catalysts can reach the data described in
the article: the yield of gasoline with a boiling point
205°C — 51 mass % the total yield C,-C, of gases
— 16 mass %; the octane number MI — 94.2; sulfur
content in petrol — 0.005 mass %. Indicators of the
quality of new gasoline catalytic cracking catalysts

(in particular the “Lyuks-2") outperforming the best
foreign catalysts «Brilliant Grace» and «LS-60P»
of the firm «Engelhard». However, the question re-
mains open of energy saving new technologies, as
this will determine the feasibility of new projects
number [2].

Without doubt residue hydroconversion process
deserves serious attention, because it allows dif-
ferent oils from tars get 81-86% of synthetic oil.
However, the above results in the literature do not
provide any information about the technical possi-
bility of implementing and the most importantly, the
material and energy consumption.

Institute GrozNRI through the process of hy-
droconversion of heavy oil feedstock in the lungs
and middle distillates at 6-10 MPa using nano-
size catalyst. In the radically of new catalytic sys-
tem provided better access to the active centers
of reagents. Composition is not disclosed but,
according to the literature, it is — Mo catalyst
developed at the Institute of Fossil Energy
to process coal liquefaction and hydroprocess-
ing of petroleum residues. A distinctive feature
of this catalyst — emulsion condition with a par-
ticle size 118.6-460.3 nm which is reached in the
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preparation of when entering predecessors in the
feedstock.

During the processing of raw materials in pilot
plants is achieved yield of synthetic oil from 63.4%
(raw-bitumen) to 81-86% (raw materials, oil or tar).
A synthetic oil density 857-890 kg/m? does not con-
tain metals, but contains 1.2-2 mass % Sulfur. By
the proposed flow sheet such oil is sent for further
processing known techniques to produce commer-
cial products [3].

Discussion
We jointly with FSUE «Institute of combustible

minerals - Technology Center on complex process-
ing of combustible minerals» developed a method of

the joint processing of catalytic thermal Kenderlyk
tar and oil shale.

The article contains results studies on the de-
velopment of the process of thermal cracking of
tar mixed with crushed combustible slate for com-
ponents of motor fuels and raw materials for cata-
lytic cracking. To study used ordinary Kenderlyk
shale JSC «Quartz» with the following character-
istics (mass %) — We—0.8; A4~ 64.5; C%'— 74-77,
H%— 7.3-9.9; S¢— 0.6-1.3; conventional organic
weight shale, which was determined accord-
ing to the [OM = 100 — A‘— (CO,),,] is equal to
33.2 mass %.

As part of the mineral Kenderlyk shale prevail
compounds of calcium, silicon and aluminum (Ta-
ble 1).

Table 1 — Characteristics of the mineral oil shale deposits of Kenderlyk

Content of the components in the ash, mass %

Si0, ALO, Fe,0, Ca0

MgO SO, Na,0 K0

58.2 17.2 7.3 23

1.0 34 - 10.6

Experimental part

As a raw material used of tar mixtures with oils
of West Siberia bp. > 520°C with the following
characteristics: the density at 20°C — 0.948 g/cm’,
viscosity 9.7 C; the content, mass %: C — 85.60, H
—10.72; S —2.06; N — 0.30; the asphaltenes — 13.6;
V and Ni — 180 and 90 g/t. The thermal cracking
performed in RINCT&M shaken vigorously in
a reactor volume of 0.2L at 400-440°C and an
operating pressure of nitrogen 5-8MPa and in a flow
bench setup FSUE IFE reactor with a volume of 3L
at 425-435°C, 5MPa, volumetric feed rate 1-2h' and
a flow rate of the mixing of reagent (nitrogen) 400-
500 liters per 1 kg of the reaction mixture.

In the preparation of pasta oil shale shredded in
a ball mill to a particle size less than 200 microns
slate mixed with tar in various ratios. The resulting
paste was dispersed in a single plate dispersant of
Pushkin-Hotuntseva with a gap between the plates
of 1.0 mm at a speed of rotation of the movable plate
1420 revs/min.

Table 2 presents the results of experimental
studies on the optimization of the shale: Oil product
in oil shale paste.

Data in the Table 2 that the optimal number
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of shale added to the tar is 15.0%. When using
Kenderlyk shale thermal cracking in the assumed
conditions (experiment 1), we obtain a high yield
of gasoline fraction with bp. to 200°C — 12.5%
based on the tar and diesel fraction with bp. 200-
370°C — 53.6%. When reducing additives Kenderlyk
shale to 10.0% total yield of gasoline and diesel
fraction decreased from 66.1% to 55.0%. Further
reduction in the amount of added oil shale up to 8.0
and 5.2%, resulting in a significant decrease in the
yield fraction of motor fuels to 43.2% and 26.8%,
respectively, increases the output of heavy residue,
bp. 370°C and coke.

Increase in the content raw pasta in petroleum
shale above 15.0% is impractical because it would
lead to complication of process technologies,
increased erosion of apparatus mineral part of shale,
the stratification of the reaction mixture on the
liquid and solid phases and complexity of hardware
registration node separation of the solid components
from the liquid products thermal cracking.

Use in instead of thermocracking Kenderlyk
raw shale sulfur shale practically does not affect
the yield of the desired product of the process.
The yield of gasoline and diesel fractions a total
is 66.9%.
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Table 2 — The results of thermal cracking of tar with different contents of shale (425°C, 5.0 MPa, reaction time

1.0 h, shaken vigorously reactor)

The yield of products

Ne of experiments

1 2 3 4 5

1. Tar
2. Private of Kenderlyk shale, including:

Organic weight of shale (OMS)
The mineral part

1. Gaz

2. Water

3. The fraction with bp. 200°C

4. The fraction with bp. 200-370°C
5. Residue with bp. above 370°C

The coke content on the mineral oil shale mass %

Is taken, mass %:

100.0 100.0 100.0 100.0 100.0
15.0 10.0 8.0 52 15.0
59 3.9 3.1 2.2 7.2
9.1 6.1 4.9 3.0 7.8

Obtained in the calculation
of the tar mass %:

5.7 4.2 4.0 3.7 5.7
2.0 0.8 0.8 0.9 1.1
12.5 13.0 8.8 8.6 12.4
53.6 42.0 344 18.2 54.5
28.8 40.1 49.5 62.9 30.1
33 3.8 5.6 7.9 3.4

Table 3 shows the results on the effect of the
process temperature on the yield of the desired
products thermal cracking of tar mixed with shale.
Atatemperature of 400°C output of gasoline fraction
bp. to 200°C with a relatively small and is 9.1%
based on the tar, while in the process, a sufficiently
large amount of the diesel fraction (53.2%). As the

temperature of the process above 425°C to 440°C
increases coke production up to 4.0% and is reduced
the total yield of the readily boiling and middle
distillates from 66.1% (425°C) to 61.5% (440°C).
Thus, the results of experimental studies showed
that the optimum temperature of the process is the
interval 425-430°C (maximum).

Table 3 — Temperature effect on the thermal cracking mixture of shale with petroleum products. Conditions: 5.0 MPa,

reaction time 1.0 h shaken vigorously reactor

Temperature, °C
The yield of products

400 425 440
1. Tar 100.0 100.0 100.0
2. Private of kenderlyk shale 15.0 15.0 15.0
The yield of products, mass. % On tar oil
1. Gaz 4.5 5.7 7.5
2. Water 1.0 2.0 0.4
3. The fraction with bp. 200°C 9.1 12.5 14.3
4. The fraction with bp. 200-370°C 53.2 53.6 47.2
5. Residue with bp.above 370°C 36.0 28.8 32.5
The coke content on the mineral oil shale mass % 2.1 3.3 4.0

Table 4 shows the results on the effect of the
duration of the process on the yield of distil-
late fuel fractions. Found that the reduction in
response time from 60 min to 30 min leads to de-

crease in the yield of gasoline fraction and an in-
crease in the content of middle distillate products
thermal cracking with bp. 200-370°C. On the in-
crease response time to 120 min.Was an increase
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in coke formation(up to 4.3%) and reduced the to-
tal yield of gasoline and diesel fractions of 3.1%

compared with the implementation process for 30
minutes.

Table 4 — Results of the thermal cracking of oil shale with a mixture of petroleum product at different duration of the
process. Conditions: 425°C, 5.0 MPa, shaken vigorously reactor

response time, min
Data

30 60 120*
1. Tar 100.0 100.0 100.0
2. Private of Kenderlyk shale 15.0 15.0 15.0
The yield of products, mass % on tar oil
1. Gaz 4.5 5.7 7.5
2. Water 1.2 2.0 2.4
3. The fraction with bp.200°C 10.0 12.5 16.0
4. The fraction with bp. 200-370°C 57.3 53.6 48.21
5. Residue with bp. above 370°C 30.0 28.8 27.5
The coke content on the mineral oil shale wt. % 2.9 33 43

* - working pressure of process 8.0 MPa

The results obtained in the reactor was shaken
vigorously reflected in the implementation of
the process in a Metal display with running the
installation FSUE IGR (Tables 5-7).

The table shows that at 425-435°C anda
space velocity of feed 1-2h!' output gasoline
fractions bp. to 180°C is 10.8-12.6%. Gasoline
cracking (Table 6) contains a moderate amount of
aromatic hydrocarbons (~27.0%) and unsaturated
compounds (iodine number is 26.4), which
provides the modern requirements for gasoline on
environmentally dangerous component. However,
the use of the gasoline as a motor gasoline
component standard EURO (GOST R 52368-
2005) very difficult because of the content in it
2.5 vol. % phenol and 1.2% vol. nitrogenous base.
Therefore, shale gasoline should be subjected
to hydro purification in a separate step of the
process, and then subjected to catalytic reforming
to increase the octane number. Output of diesel
fractions bp. 180-360°C is 32.3-44.3%, which
is 2.2-3 times higher. Than in industrial thermal
cracking fuel oil, gas oil and coker tars. Aromatic
hydrocarbons in the fractions with bp.180-360°C
with 53.8%, but due to the high sulfur content
(1.42%) and unsaturated compounds (iodine
number is 33.9) middle distillates derived from
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shale must also expose hydro cleaning, and
for diesel fuel with a cetane number of 47-51
items require partial hydrogenation of aromatic
hydrocarbons.

In the developed a new process of thermal
cracking of tar with slate remains unturned to 34%
of the heavy residue from bp. above 520°C. This
residue is not very different in their physical and
chemical properties (Table 7) from the original tar
and can be returned for processing in the form of a
mixture with the starting material.

It should be noted that the thermal cracking
of tar with the addition of oil shale are mild flatu-
lence (6.0-7.7 mass %), Which provides a high yield
(above 90%) and ash-free hydrogenation compo-
nents of motor fuels (above 55%). The resulting
gas is composed primarily of hydrocarbons C -C,
(Table 5), which can be used on sbstvennye goals
in the process. An important fact is also almost
complete otsutsvtie in the process of hydrogen gas,
which is produced in large quantities in industrial
thermal contact cracking (TCC) and is lost when
burned.

Based on the experimental data the schematic
diagram (Figure 1) thermal cracking the heavy oil
residues with bp. 520°C into motor fuel and raw
materials for catalytic cracking.
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Table 5 — Material balance (mass %) of contact thermal cracking of tar mixed with fuel of Kenderlyk shale (5 MPa
nitrogen supply 400-500 1/ raw bench flow setting)

The conditions of process
425-435°C, 425-435°C,
1.0 h! 2.0h!

Obtained by
1.Tar 100.0 100.0
2. Shale, including: 15.0 15.0
OMS* 5.9 59
ash 9.1 9.1
TOTAL: 115.0 115.0
Received
1. Dehydrated and ashless gidrogenizat, including fractions with bp. (°C): 90.7 93.2
Up to 180
180-360 12.6 10.8
360-520 443 323
above 520 14.4 15.8

2. The solid residue, including: 19.4 343

The mineral part of oil shale 14.9 14.2

Undissolved part of OWS 9.1 9.1

coke 0.4 0.5

3.Gaz, including: 5.4 4.6

C-C, 7.7 6.0

CO CO, 1.6 1.2

N, 0.1 0.1

H, 5.8 4.5

4. Water + loss 0.2 0.2

TOTAL: 1.7 1.6

115.0 115.0

*OMS - Organic weight of shale

Table 6 — Characteristics of distillate of products thermal cracking of tar mixed with shale

. The fractions with bp., °C
Indicators to 180 180-360 360-520

Density at 20°C, g/cm® 0.7666 0.8696 0.9295

Content,%:
phenols 2.5 1.5 -
nitrogenous bases 1.2 4.2 -

Of hydrocarbon sucking mass %:

Paraffin + naphthenic 72.7 46.2 22.2
aromatic 27.3 53.8 61.1
Silicagel resin - - 16.7
asphaltenes - - 34

Iodine number, g 1./100g 26.4 33.9 12.5

The elemental composition, wt. %:

C 85.50 86.20 86.57
H 13.82 12.20 11.19
S 0.60 1.42 1.97
N 0.08 0.18 0.27

Content,%:

v - - 5.0
Ni - - 20.0
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Table 7 — Characteristics of tar residue hydrocracking mixed with shale

The index Heavy residue bp.> 520°C | Solid residue of Process
The density at 20°C, g/cm® 1.0361 -
Asphaltene content, mass %: 16.3 -
Elemental composition, mass %:
C 83.80 -
H 9.46 -
S 1.68 1.0
N 0.64 -
About 4.42 -
The content, g/t
v 125.0 1017.0
Ni 103.0 766.0

Preparation shale
(crushing, drying, grinding micron)
|

A 4

Thermal cracking
425°C, 5 MPa, N,
|

v

The liquid products

\ 4
Separation
(filtration, centrifugation)
|

A 4
Of ashless distillation

of liquid products

A 4

v A 4

A 4

The fraction with

The fraction with

The fraction with

Balance with bp.

bp to 180°C bp 180-360°C

bp 360-520°C above 520°C

Hydrotreating
380-400°C, 5 MPa H,

A 4
Catalytic reforming fractions

bp to 180°C
A 4 A 4 A 4
Building Gasoline Diesel fuel
materials Euro-3 Euro-3

Catalytic cracking
450°C, 0.6 MPa, N,

Figure 1 — Schematic diagram of the thermal cracking of tar mixed with oil shales
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Conclusion

The results of experimental investigations clearly
show the undoubted advantages of the new process
of thermal cracking of tar mixed with slate before the
industrial thermal cracking, since the single-stage
processing in relatively mild conditions (5MPa,
425°C, volumetric feed rate 1.0 h') reached deep
destruction tar (output gasoline diffraction with bp.
to 180°C is ~12 mass % of middle distillates with
bp. 360-520°C — ~15-16% based on the original tar).
Formed coke shaped products and raw materials
contained in V and Ni deposited on the mineral and
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A.C. Marnonernes, XK.K. Kaiisipoekos, B.C. Emenssitosa, J)K.K. Mbuitsikbacsa, b.b. BaiikomapTos
MyHaii KaJJIbIKTAPbIHBIH CJIAHITAPMeH Oipre TepeH oHey

MoTOp OTBIHIAPBIHBIH KOMIIOHCHTTEPIH ally YIIIiH MailalaHFaH dKaHFBIII CJIAHIITAP MEH I'YAPOH/IbI CYCIICH3USI TYPIH/IC
TEPMUSUIBIK KPEKHUHIJICY )KaHa MPOILIECI KACAIIBIIL, 3¢PTTEY HOTHIKEIIEPi KOPCETIITeH. AJIBIHFAH HOTHKEJIEP KOPCETUITCHICH,
OHJIIPICTIK TSPMOKPEKUHT TICH CAJIBICThIPFaH/Ia YIIKCH OaChIMJIBLTBIKKA HE, OUTKCHI IIMKI3aTThI O1p CaThUIBI CATBICTHIPMAITBI
JKyMcak karnainapaa (S MIla, 425°C, kenemaixk mmki3artsl 0epy 1.0 u-1) eHeres e ryIpoHHbIH TEPCH ICCTPYKIHIChIHA
xkereni (kT 180°C-ka neitin Oensuuai GpaxuusHblH mbFysl ~12 mace.%; KT 180-360°C opraina IucTHILISTTapIbIH
wbiFysl 43-44 macc.%; kT. 360-520°C karaJuTHKaIBIK KPEKUHIKE apHaJIFaH LIMKI3aTThIH WIBIFYbI~15-16% Oacrankel
rynponfra ecenreresje). Ty3iIeTiH KOKC eHIMIEepl MEH MIMKI3aTThIH KYpaMbIHIarsl V MeH Ni claHITapblH MUHEPaJIbI
OeJIIeKTepin/Ie JKUHABII, CYHBIK OHIMJICP MCH 0ipre peaKIUsUIBIK aiiMaKTaH [IBIFapbLIaIbL.

Tyitin co30ep: KaHFPIII CIAHIITAD, IIIAWBIP, TCPMUKAIIBIK KPEKUHT, BIABIPAY, CYHBIK OHIMIEP.

A.C. Manonetnes, XX.K. Kaup6ekos, B.C. EmenssaroBa, JK.K. MeuiteikOaesa, b.b. baibxomapTos
I'nyboxas nepepadoTka He(PTAHBIX OCTATKOB COBMECTHO €O CIAHIIAMH

[IpuBeneHsl pe3yabTaThl UCCIEA0BAHUM MO pa3paboTKe HOBOI'O MPOIEcca TEPMUYECKOTO KPEKHHIa T'yApOHa B BHUJIE
CYCIIEH3UH C M3MENBYEHHBIMU TOPIOYMMHM CIIAHLAMH JUIS TTOJMYYEeHHUs] KOMIIOHEHTOB MOTOPHBIX TOIUIMB. IlomydeHHbIe
pe3yabTaThl CBHIECTEIBCTBYIOT O HECOMHEHHBIX IMPEUMYIIECTBAX MpoIecca Mepesl MPOMBIIUICHHBIM TEPMOKPEKHHTOM,
TaK KaK IPH ONHOCTYIEHYATOH mepepaboTKe CHIPhS B OTHOCHUTEIHHO MATKHX ycioBusax (5 Mlla, 425°C, obwémHas
CKOpoCTh Tofta4un ceipbs 1.0 4-1) mocTuraercs rryOokas IeCTPYKILUs TyIpOHa (BBIX0 OCH3MHOBOH (PPAKLIUH C T.KHII. JI0
180°C cocrapnsiet ~12 mace.%; cpeqaux TUCTHUIATOB ¢ T.KUIL. 180-360°C 43-44 macc.%; CBIPBs IS KaTAIUTHYECKOTO
kpeknHra ¢ T.kuM. 360-520°C ~15-16% B pacuére Ha MCcXOAHBIN TyapoH). OOpasyronuecs KOKCOOOpa3HbIe TPOAYKTHI U
comeprkammecs B ceipbe V U Ni OTKIIaIbIBAIOTCS HA MUHEPAIFHON YacTH CIIaHIA U BBIBOMATCS U3 PEAKIIMOHHOMN 30HBI C
JKUJIKAMH TIPOYKTaMH IpoLecca.

Kniouegwie cnoea: roproune ClaHIbl, CMOJIA, TEPMUUECKHH KPEKUHT, AECTPYKINUS, KUIKHE TTPOTYKTHI
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