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HIGH GRADE PETROLEUM RESIDUE RECYCLING
WITH SHALE ADDITIVE

Abstract. This work covers thermal cracking of tar in a mixture with milled oil shale
for production of components of motor oils and feedstock for catalytic cracking. It contains
the results of optimization of technological parameters (shale concentration, temperature
and timing) and material balance (mass %) of the process. It has been determined that one-
stage processing under the relatively mild conditions (5 MPa, 425°C, feed space velocity of
1.0 h') results in a deep destruction of tar (gasoline yield with boiling point up to 180°C is
approx. 12 mass %; middle distillate yield with boiling point of 180-360°C is 43-44 mass
%; yield of feed for catalytic cracking with boiling point of over 360°C is approx.
15-16 mass % in terms of initial tar). The formed coke-like products including V and Ni
contained in the feedstock are deposited on the mineral part of shale and removed from the
reaction zone along with liquid process products.

Keywords: thermal cracking, solid oil residual, tar, shale, motor oils, Kenderlyk,
coking.

Introduction. Processing of heavy oil residues and high-viscosity oil, natural
bitumen, coal and shale becomes a strategic direction of development of oil refining
industry of Kazakhstan, Russia and CIS countries under the condition of impossible
increase of production of oil and permanent growth of need in conventional sources
of energy [1-3].

The new trends in development of oil refining technology include deve-
lopment of catalytic cracking processes and catalysts of viscosity breaking process,
delayed coking and tar hydro-conversion. The latter one is most promising,
however, according to foreign analogues, it is very expensive and technologically
difficult.

The catalytic cracking process is being constantly improved, and the following
parameters can be achieved due to the use of new technological solutions and
catalysts: gasoline yield with boiling point of 250°C is 51 mass %; total C3-C4 gas
yield is 16 mass %; research octane number is 94.2; and petrol sulfur content is
0.005 mas. %. Quality parameters of new catalysts of catalytic cracking of gasoline
exceed parameters of best foreign catalysts Brilliant Grace and LS-60P of
Engelhard. However, the issue of energy saving of new technologies is still open,
because this predetermines feasibility of new projects.

It is obvious that the process of hydro-conversion of residues deserves paying
a close attention to it, because it allows producing 81-86% of synthetic oil from tars
of various oils. However, the results given in the literature provide no information
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about technical feasibility and, what is most important, required materials and
energy.

Processing of feedstock using pilot plants results in output of synthetic oil from
63.4% (feedstock — bitumen) to 81-86% (feedstock — oil fuel or tar). Synthetic oil
with its density of 857-890 kg/m?® contains no metals, however, it contains 1.2-
2 mas. % of sulfur. According to the proposed technology, such oil is forwarded
for further refining using the known technologies to produce commercial products.

EXPERIMENTAL PART

The work contains the results of researches on development of the process of
thermal cracking of tar in a mixture with milled oil shale for production of
components of motor oils and feedstock for catalytic cracking.

Together with the Federal State Unitary Enterprise Fossil Fuel Institute —
Research and Development Center of Integrated Processing of Fossil Fuels we
developed a method of combined thermal-catalytic processing of tar and Kenderlyk
oil shale [4-7].

Ordinary Kenderlyk oil shale of Quartz JSC was used for research purposes.
The oil shale parameters are as follows (mass %): W* — 0.8; AY — 64.5; C%f —
74-77; H%f — 7.3-9.9; S¢ - 0.6-1.3; conditional organic matter of shale determined
using the formula [OM = 100 — A — (CO,)m] is equal to 33.2 mass %. Calcium,
silica and aluminum compounds prevail in mineral composition of Kenderlyk oil
shale: SiO;—58.2; Al,O3-17.2; Fe;O3—7.3; CaO — 2.3; MgO - 1.0; SO; - 3.4; and
K20 - 10.6 mass %.

Tar with boiling point of > 520°C was used as feedstock. The tar had the
following parameters: density at 20°C — 0.948 g/cm3; viscosity— 9.7 cS; content,
mass %: C — 85.60; H — 10.72; S — 2.06; N — 0.30; asphaltene — 13.6; V and Ni —
180 and 90 g/t, respectively. Thermal cracking was carried out in the Research
Institute of New Chemical Technologies and Materials in intensively shaken
0.2 | reactor at 400-440°C, and nitrogen working pressure of 5-8 MPa.

Shale was mixed with tar in various ratios when making oil shale paste milled
in ball mill to particle size of less than 200 um. The produced paste was dispersed
one time in Pushkin-Khotuntsev plate disperser with 1.0 mm clearances between
plates at movable plate rotation speed of 1420 rpm.

RESULTS AND DISCUSSIONS

According to experiments carried out previously [8] for optimization of
technological parameters (shale concentration, temperature and timing) of the
process of thermal cracking of shale in a mixture with solid oil residue, the optimum
quantity of shale added to tar is 15.0%, temperature of the tar thermal cracking
process is 425°C and process time is 30-60 minutes.

The results obtained in intensively shaken reactor were accounted for when
running the process in a bench flow unit of the Federal State Unitary Enterprise
Institute of Fuel Fossils (table 1-3).
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Table 1 — Material balance (mass %) of thermal contact cracking of tar in a mixture
with Kenderlyk oil shale (5 MPa, supply of nitrogen — 400-500 I/l of feedstock, bench flow unit)

Conditions of process
Parameter
425-435°C, 1.0 h't | 425-435°C,2.0 ht
Materials used
1. Tar 100 100
2. Shale, including: 15 15
organic-mineral structure 5.9 5.9
ash 9.1 9.1
TOTAL: 100.0 100.0
Produced
1. Dehydrated and ash-free hydrogenation product, 90.7 93.2
including fraction with boiling point (°C):
up to 180 12.6 10.8
180-360 443 32.3
above 360 33.8 50.1
2. Solid residue, including: 14.9 14.2
mineral part of shale 9.1 9.1
undissolved part of organic-mineral structure 0.4 0.5
coke 5.4 4.6
3. Gas, including: 7.7 6.0
C1-Cs 1.6 1.2
CO + CO2 0.1 0.1
N2 5.8 4.5
Ha 0.2 0.2
4. Water + losses 1.7 1.6
TOTAL: 115.0 115.0

According to Table 1, the gasoline yield with boiling point up to 180°C at 425-
435°C and feed space velocity of 1-2 ht is 10.8-12.6%. Cracking gasoline (table 2)
contains a moderate quantity of aromatic hydrocarbons (~ 27.0%) and unsaturated
compounds (iodine number is 26.4), which satisfies the current gasoline require-
ments in terms of environmentally hazardous components. However, the use of
such gasoline as a component of EURO standard gasolines (GOST R 52368-2005)
is pretty complicated due to the presence of phenols (2.5 vol. %) and nitrogenous
bases (1.2 vol. %). Therefore, shale oil must be exposed to a separate hydrotreating,
and then to catalytic reforming to increase the octane number. The diesel yield with
the boiling point of 180-360°C is 32.3-44.3%, which is 2.2-3 times higher than that
in case of industrial thermal cracking of fuel oil, tar and gasoil of coking. The
content of aromatic hydrocarbons in fractions with boiling point of 180-360°C is
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53.8%; however, middle distillates produced from shale must be exposed to
hydrotreating due to a high content of sulfur (1.42%) and unsaturated compounds
(iodine number is 33.9), and production of diesel fuel with cetane number of

47-51 requires a partial hydration of aromatic hydrocarbons.

Table 2 — Characteristics of distillate products of tar thermal cracking in a mixture with shale

Fractions with boiling point, °C
Parameter
up to 180 180-360 above 360

Density at 20°C, g/cm?® 0.7666 0.8696 0.9295
Content, vol. %:

phenols 2.5 15 -

nitrogenous bases 1.2 4.2 -
Hydrocarbon-type content, mass %

paraffin + naphthene 72.7 46.2 22.2

aromatic 27.3 53.8 61.1

silica gel resins - - 16.7

asphaltenes - - 34
lodine number, g J2/100 g of product 26.4 33.9 125
Elemental composition, mass %:

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, g/t

\% - - 5

Ni - - 20

Table 3 — Characteristics of residues of tar thermal cracking in a mixture with shale

Parameter ' H'e'avy re_sidue Solid residue
with boiling point > 360°C of process

Density at 20°C, g/cm? 1,0361 -
Content of asphaltenes, mass % 16.3 -
Elemental composition, mass %:

C 83.80 -

H 9.46 -

S 1.68 1.0

N 0.64 -

O (by variety) 4.42 -

Content, g/t

\% 125 1017

Ni 103 766
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The heavy residue with boiling point above 360 °C remains unconverted in the
developed new process of thermal cracking of tar (figure). This residue is little
differ in its physical and chemical properties from the original tar (table 3) and then
goes into the process of catalytic cracking or can be returned to processing as a
mixture with the original raw material.

Shale preparation (crashing, diying, |

Tar — milling) |
i ; ¥ |
Thermal cracking Fag M2, Ha
42507 5 IPa Na 21 —Ca, 0O, C0p

Liguid products

3

Separation (filtering,
centrifisgal separatiom

Holid residue

Distillation of ash-free
ligquid products

Hyrdrotreatment Catalytic cracking
320.4000C, 5 MPA, Ha 43092, 0.6 MPA, Ha

Diesel fuel

Principal diagram of thermal cracking of tar in a mixture with oil shale

It should be noted that thermal cracking of tar with addition of shale produces
a small amount of gas (6.0-7.7 mass %), which results in high yield (above 90%)
of ash-free hydrotreated feed and components of motor fuels (above 55%). The
produced gas mainly consists of hydrocarbons Ci1-C4 (Table 2) that can be used for
own needs during the technological process. It is worth mentioning that the process
gas contains almost no hydrogen, which is formed in huge amounts during
industrial thermal-contact cracking (TCC) and burned down.

Conclusion. The results of experimental researches clearly evidence the ad-
vantages of the new process of thermal cracking of tar with a mixture of shale as
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compared to the industrial thermal cracking, because the single-step processing
under relatively mild conditions (5 MPa, 425°C, feed space velocity of 1.0 h?)
results in a deep destruction of tar (gasoline yield with boiling point up to 180°C is
approx. 12 mass %; middle distillate yield with boiling point of 180-360°C is 43-
44 mass %; yield of feed for catalytic cracking with boiling point of over 360°C is
approx. 15-16 mass % in terms of initial tar). The formed coke-like products
including V and Ni contained in the feedstock are deposited on the mineral part of
shale and removed from the reaction zone along with liquid process products.
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TAKTATAC KOCBUIFAH MYHA KAJIJIBIKTAPBIH
YKOFAPBITEMITEPATYPAJIBIK OHJIEY

JKympIcTa MOTOP OTHIHAAPHIHBIH KOMITOHEHTTEPIH JKOHE KaTATUTHKAIBIK KPEKHHT
IIMKI3aTTHl Ay YIIiH YCAaKTaJFaH JKaHFBIII TAKTaTaCIeH KOCIAIaFbl Ty IPOHHBIH TEPMUS-
JBIK KPEKHUHT YpAici 3epTTeninai. YPIiCTiH MaTepruanaslK OanaHcel (Macc. %) MEH TeXHO-
JIOTHSUTBIK, TTapaMeTpIIepiH (CllaHen KOHIIEHTPAIMCH, TeMIIepaTypa KoHe YaKbIThI) OHTal-
JAHIBIPY HOTIDKENEPi KeNTipinreH. bip caThuisl KaiiTa OHIeY Ke3iH/Ie CATBICTRIPMAITBI JKYM-
caxk xarmaitnmapaa (5 MIla, 425 °C, muki3atTel OepyaiH KeIeMIiK KbUIaMabIFH 1,0 car.})
I'yZIPOHHBIH TEPEH JiecTpyKuuschina (kaiinay temn. 180 °C nmeifinri 6eH3uH (QpaKUUSHBIH
WBIFEIMEL ~12 Macc. %; kaiin.temn. 180-360 °C GonaTeln oprama aucTuiisarTap 43-
44 macc. %; KaTaTUTUKAIBIK KPSKUHT MIMKi3aThl OOJBIN TaObUIATHIH KalH.TeMm. 360 oC
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JKOFaphl TUCTHIUIAT OACTAIKbl IYJPOHFa ecenTerene ~ 15-16 mMacc.%) Ko *KeTKi3UIreHi
AHBIKTAJJIBl. Y PJIC HOTHXKECIH/E TY3UIT€H KOKCTApi3Al OHIMAEp MEH HIMKi3aT KypaMbIH-
narbl V oxoHe Ni TaKTaTacThlH MHHEPAJABIK O6JIiriHe »KHMHalla/bl KoHE PeaKIUsUIbIK aii-
MaKTaH YpJICTiH CYHBIK OHIMIEpiMEeH Oipre MIbIFapblIabl.

Tyiiin co3ep: TEpPMUSIIBIK KPEKHHT, aybIp MYHall KaJIJIbIFbL, I'YIPOH, TAKTaTac, MOTOP
oTBIHIapEI, Kenaepiik, KOKCTY3imy.

Pe3iome
K. Kaupbexos, Y. M. /icenovioaes, T. Axmemos, A. JK. Kaupbexos

BBICOKOTEMIIEPATYPHAS ITEPEPABOTKA HE®TAHOI'O OCTATKA
C IOBABKAMMU CJIAHIJA

B pabote uccienoBaH mpouecc TepMHUYECKOT0 KPEKHHTa Ty IpOHa B CMECH C U3MEJlb-
YEHHBIM rOPHOYMM CJIaHLICM JJI MOJTYUCHUA KOMIIOHEHTOB MOTOPHBIX TOIIJIMB U ChIPbhA 1A
KaTaJIUTUYECKOTO KpekuHra. [IpuBeneHbl pe3ysbTaThl ONTHMH3ALUHN TEXHOJOTMYECKHX
napamMeTpoB (KOHIEHTPALUs CIIaHIa, TEMIEPAaTypsl U NMPOIOJDKUTEIBHOCTH) U COCTaBIICH
MaTepHalbHbIA OanaHc (Macc. %) mporecca. YCTaHOBJIEHO, YTO IPH OJHOCTYNIEHYATOH
nepepaboTKe B OTHOCHTENBEHO MATKHX ycnoBusax (5 Mlla, 425 °C, o6béMHAs CKOPOCTh
noaauu ceipbs 1,0 ul) nocturaercs riay6okas AecTpyKuus IyapoHa (BbIX0J 6EH3HMHOBOM
¢pakuu ¢ 1. kui. 10 180 °C cocrasisier ~ 12 mace. %; cpeiHUX AUCTHILISITOB C T. KHII.
180-360 °C — 43-44 macc. %; CbIpbsl JUIsl KaTAJMTUUYECKOTO KPEKHMHra C T. KUIL. Bprie
360 °C ~ 15-16 macc. % B pacuére Ha UCXOAHBIN I'yipoH). OOpasyromnrecs: KOKCOOOpa3HbIe
MPOJYKTHI U cofiepskaliiecs B cbipbe V 1 Ni 0TKIaJbIBalOTCSl HA MUHEPAIbHON YaCTH CIaH-
11a ¥ BBIBOZSATCS U3 PEaKIIMOHHON 30HBI C )XUAKHMH MTPOLYKTaMH IpoLecca.

KaioueBble cioBa: TepMHYECKUil KPEKHHT, TBEpAbIH HEPTSIHOW OCTATOK, I'yIpOH,
ClIaHell, MOTOpHbIE TOIUTNBA, KeHepbIk, KOKCOOOpa3oBaHHeE.
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