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Abstract

Objectives. A characteristic feature of oil production is an increase in the volume of high-
viscosity bituminous oil. In Russia, technologies based on the use of water vapor are used for
their extraction. The use of such technologies leads to a large amount of water in the product
stream from the production well. Preparation of oil for processing involves its stabilization,
desalination, and dewatering. Since the densities of the extracted oil and the water contained in
it are comparable, traditional preparation schemes for processing of high-viscosity bituminous
oil are ineffective. One of the possible solutions to the problem involving such oil in the fuel,
energy, and petrochemical balance is to use a coking process at the first stage of its processing.
This aim can be achieved by studying the influence of the process conditions of coking high-
viscosity water-containing oil on the yield and characteristics of the resulting products.
Methods. Coking of oil with a density of 1.0200 g/cm? at 50°C and with 18 wt% water content
was carried out in a laboratory installation in a “cube.” A hollow cylindrical apparatus was used
as a reactor and was placed in a furnace. The temperature and pressure in the reactor were
maintained at 500-700°C and 0.10-0.35 MPa, respectively.

Results. An increase in the coking process temperature results in an increase in the amount of
gaseous products, a decrease in the amount of the coke generated, and a higher dependence
of the amount of liquid products on temperature with a maximum yield at 550-600°C.
The process temperature also affects the composition of liquid products. At a lower temperature,
the amount of gasoline and kerosene fractions in liquid products is higher. With an increase in
pressure, a higher amount of gaseous products, coke, and low-molecular-weight hydrocarbon
fractions in liquid products could also be obtained. The characteristics of the coke produced in
the coking process are similar to those of commercially produced grades. It is noted that when
coking water-containing oil, up to 98% of the emulsion water goes with liquid products, and the
remaining amount of water remains in the formed coke.
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Conclusions. Results showed the possible application of the coking process at the initial stage
of processing high-viscosity bituminous oil. In this case, the dewatering stage is significantly
simplified since the technological scheme of delayed coking allows the separation of the gasoline
fraction from water.
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AnHomauus

IMenu. BospacmaHue 00aU 8blCOKO8A3KOU U OUMYMUHO3HOU Hegmu siensilemest xapaKmepHol
ocobeHHoCcmbI0 cospemeHHOoU Heghmedobuiuu. B Poccuu npu ee 0obblue npumeHsom mexHoi02ull,
OCHOBAHHBLE HA UCNONB308AHUU 800AH020 napa. IIpumerHeHue marKux mexHoa02uUll npusooum K
momy, umo npooyKmoesblii NOMOK, 8bIX00AUWUT U3 00bblearouLell CKBAIKUHDBL, MO2Kem codeprkamb
b6onbuwioe Koauuecmeo 800sl. [Toozomoska Hegpmu K nepepabomre npednonazaem ee cmabunu-
3ayuro, obecconusarue u obezsorkusaHue. Beneocmeue moezo, umo naomHocms O0obvieaemotl
Hegpmu u codeprkauwieticst 8 Hell 800bL conocmagumbl, MPAOUYUOHHbLE CXeMmbl N0020MO8KU K ne-
pepabomike 8blcOK08SI3KOU U OUMYMUHO3HOU Heghmu sieasromest manosagpgpexmusHoimu. OOHUM
U3 BO3MOIKHBbIX peuleHull npobembl 808aeUeHUst mMaKol Heghmu 8 MONNUSHO-9HEepzemuUUecKuli
u Hegpmexumuueckuil 6anaHc s1851emest UCNONAb308AHUE HA Nep8oM smane ee nepepabomru
npouecca kokcogaHus. [ns peanuszayuu amoii udeu Heodbxooumo Usyuums 8AUSHUE YCA08Ul
KOKCOBAHUSL 8bLCOK0B3KOU 06800HEHHOT Hehmu HA 8blX00 U XapaKmMepucmuKu 00pasyrouiuxcst
npooyxmos.

Memoodwst. O6vbexmom uccredogarus 6oia Hegpms ¢ nomHocmsio npu 50 °C 1.0200 2/ cm?,
cooepokauias 18 mac. % eooul. KokcosaHue npogodunu Ha 1abopamopHoll ycmaHoske 8 «Kyben.
B kauecmee peaxmopa ucnons3o8ascst nycmomesvlil yuluHopuueckuil annapam, pasmewae-
Mmolil 8 neuu. Temnepamypa e peaxmope gapvuposanacoe om 500 do 700°C, dasnerue om 0.10
0o 0.35 Mna.

Pesynemamet. [IpogedeHHble ucCie008aHUSL NOKA3ANU, UMO NPU 803PACMAHUU memnepamypbl
KOKCOBAHUSL 8blX00 2a3000pa3HbLX NPOOYKmMoes yeeauuusaemesy, obpasoeaHue KoKca YymeHbUa-
emes, a 3a8UCUMOCMb 8bLX00A IKUOKUX NPOOYKMO8 UMeem IKCMpPemMaibHblil xapaKkmep ¢ MaKcu-
Mmymom 8 obnacmu memnepamyp 550-600 °C. Temnepamypa npoyecca enusiem Ha cocmag HKuo-
Kux npooykmos. IIpu 6osee HU3KOU memnepamype 8 HKUOKUX NPooyKmax eblile coOeprKaHue
6eH3uHo80l U KepocuHosol hparyuii. ITogbluweHue oasaeHus npugooum K 803pacmaHuio 8bl-
xo0a 2a3006pasHbLX NPOOYKMO8, KOKCA U COOEPIKAHUSL 8 HKUOKUX NPOOYKMAX HUSKOMONEKYNSP-
HblX hparyuli yenegooopooos. Obpasyrowulicss 8 npoyecce KOKC No C8O0UM XAPAKMeEPUCMUKAM
61U30K K NPOMBLUNEHHO 8blnyckaembim mapkam. OmmeueHo, umo npu KOKCo8AHUU 06800HEH-
HoUl Hegpmu 00 98% 800HOTL IMYnbCUU YXOO0UM C KUOKUMU NPOOYKMAMU KOKCOBAHUSL, U JUUUL
HebosbUoe Kouuecmao 8006l ocmaemcest 8 06pas08asUULEeMCst KOKCE.
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Bouleoownlt. HpedcmaeﬂeHHbLe pe3ysiemambl noKasvl8arom 803MOAKHOCMb UCNOJ/b308AHUSL
npoyecca KokcosaHust Ha HauaslbHOM samane nepepa6om;cu 8blLCOK08SI3KOU U 6umymuHo3Hoﬁ
Hecpmu. B smom cnyuae cywiecmseeHHo ynpowaemest npoeedeuue cmaduu ee o6e3eomueauuﬂ,
maxK KaKk € MexHOoJ02UUecKoll cxeme 3ameoleHH020 KOKCO8AHUSL npedycmompeuo omoesieHue

6eH3UHO080l hpaKyuu om 800bl.

Knroueenvle cnoea: KoKcog8aHue, 8blCOK08s13KUEe U bumymuHosHble Hegpmu, 06800HEHHbLE
Hegmu, nepepabomka Hedpbmu, cnocob nepepabomku Hepmu

Jna yumupoeanus: Huxonaes A.1., Ilemnes b.B., Eroposa E.B. KokcoBanue BbIcOKOBsI3Kk0l 00BOiHEHHOI HedTH. ToHKue
xumuueckue mexnonoauu. 2022;17(1):30-38. https://doi.org/10.32362/2410-6593-2022-17-1-30-38

INTRODUCTION

In recent years, a characteristic feature of oil
production is an increase in the total volume of
high-viscosity bituminous oil, which contains a high
amount of resin—asphaltene substances (RAS) and has
high density and viscosity values. The technologies
of extracting such oil include (1) the use of solvents,
such as water, to displace fossil hydrocarbons (also
known as cold recovery) and (2) in situ combustion
where oil viscosity is reduced as a result of increasing
the temperature and creating the pressure needed to
displace the formed oil through gaseous combustion
products [1-11]. In Russia, technologies based on the
use of water vapor are used in the extraction of high-
viscosity bituminous oil [8—11]. However, the use
of water or water vapor to displace oil results to the
inclusion of up to 95% water in the product stream
from the production well.

Preparation of oil for processing involves its
stabilization, desalination, and dehydration [12, 13].
Dehydration is based on the difference in the densities
of petroleum hydrocarbons and water. However,
due to the comparable densities of resin—asphaltene
substances and water, their separation by gravitational
method is almost impossible, and the high viscosity
of RAS prevents the effective use of demulsifiers for
the destruction of oil-water emulsions. As a result,
traditional preparation schemes for processing of
high-viscosity bituminous sands are ineffective [14].

A possible solution to the problem of involving
such oil in the fuel, energy, and petrochemical balance
is the use of a coking process at the first stage of its
processing [15]. Currently, this process is widely
used to increase the extent of oil refining, thereby
obtaining distillate fractions from heavy oil residues
(fuel oil, cracking residues, and tar). At the same

time, the main components of such residues are RAS,
and the technology involves the use of water vapor to
prevent coking of the tubular furnace.

MATERIALS AND METHODS

Herein, a stable, high-viscosity oil-water
emulsion (not amenable to dehydration) was
subjected to a coking process, and its characteristics
are presented in Table 1. The effects of the coking
process conditions on the yield and characteristics of
the resulting products were also investigated.

The density and paraffin content of the oil-
water emulsion correspond to the fifth type of oil
(bituminous) and to the first type (low paraffin)
based on the classification in GOST 31378-2009' and
OST 38.01197-80%, respectively. However, the
amount of water (more than the 1.0 wt % standard
for the third type) and solids (more than 0.05 wt %)
in the emulsion does not make it possible to be
considered as a commodity product (GOST 31378-2009)
for processing.

Coking was carried out in a laboratory
installation in a “cube”™ [16]. A hollow cylindrical

! GOST 31378-2009. Interstate Standard. Crude Petroleum.
General Specifications. Moscow: Standartinform; 2019.

2 OST 38.01197-80. Industry standard. Oil of the USSR.
Technological Indexing. Moscow: Ministry of Oil Refining
and Petrochemical Industry of the USSR; 1980.

3 Bikbulatova A.M. Etapy stanovieniya i razvitiya
otechestvennogo proizvodstva neftyanogo koksa metodom
zamedlennogo koksovaniya: Na primere Novo-Ufimskogo NPZ
(Stages of formation and development of domestic production
of petroleum coke by the method of delayed coking: a case
study of the Novo-Ufimsky refinery): Cand. Sci. Thesis. Ufa;
2002. 104 p. (in Russ.).
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Table 1. Characteristics of oil-water emulsion

Characteristics Value
Density, 50°C, g/cm® 1.0200
Dynamic viscosity at 50°C, MPa-s 22557
Molecular weight, g/mol 520
Content of mechanical impurities, wt % 0.72
Water content, wt % 18.0
Resin and asphaltene content, wt % 42.0
Paraffin content, wt % 1.0

apparatus was used as a reactor, which was equipped
with a “pocket” for a chromel-alumel thermocouple
and a nozzle for installing a pressure gauge. The
raw materials were loaded into the reactor, and the
connections of the components of the installation
were checked for tightness. The reactor was heated
to a set temperature using an electric furnace. The
coking process temperature and pressure were varied
from 500 to 700°C and from 0.10 to 0.35 MPa,
respectively. During the experiment, the temperature
and pressure in the reactor were monitored, as well as
the volume of waste gas, which was recorded using
a GSB-400 gas meter (NII Electromera*, Russia). At
the end of the experiment, the amount of the liquid
products and coke formed was determined.

The hydrocarbon content in waste gas was
determined by gas adsorption chromatography using
a 3700 chromatograph (Chromatec, Yoshkar-Ola, Russia)
that was equipped with a thermal conductivity
detector. Conditions of the analysis are as
follows: the current of the detector bridge was
90 mA, the carrier gas was nitrogen with a flow rate of
25 mL/min, the temperature of the column thermostat
was at 70°C; the column length and diameter were
7 m and 2 mm, respectively, and the chromatographic
phase was Al,O, with a fraction of 0.15-0.25 mm and
promoted with a 5% NaOH solution. To increase the
sensitivity and simplify the calibration and processing
of chromatograms, a heated reaction column for
the conversion of hydrocarbons to hydrogen was
installed in the gas line of the chromatograph, which
was between the chromatographic column and the
detector. The temperature, length, diameter, and
nozzle of the reaction column were 850°C, 0.2 m,
5 mm, and copper oxide and iron chips (arranged
sequentially), respectively. Registration of the

* https://electromera.ru/. Accessed October 23, 2021.

detector signal and processing of chromatograms
were carried out using the hardware and software
complex EKOKHROM.

For liquid products, their fractional composition
and pycnometric density were determined using an
ARNP-1 apparatus (Promkhimpribor, Moscow, Russia)
according to the GOST 2177-99% and GOST 3900-85¢
methods, respectively. Furthermore, the ash content
of the carbon material was determined according
to GOST 22692-777, and the mass fraction of the
volatile substances was measured in accordance with
GOST 22898-788.

RESULTS AND DISCUSSION

The output indicators of the coking process are
shown in Table 2.

It can be seen that with an increase in temperature,
the yield of gaseous products increases, the formation
of coke decreases, and the dependence of the amount
of liquid products on temperature increases with a
maximum yield at 550-600°C. An increase in the
pressure leads to an increase in the yield of gaseous
products and coke but a decrease in the yield of liquid
products.

5 GOST 2177-99. Interstate Standard. Petroleum
products. Methods for determination of distillation
characteristics. Moscow: Kodeks; 2001 (in Russ.).

¢ GOST 3000-85. Interstate Standard. Petroleum and
petroleum products. Methods for determination of density.
Moscow: Standartinform; 2006 (in Russ.).

7 GOST 22692-77. Interstate Standard. Carbon materials.
Method for determination of ash. Moscow: IPK Izd. standartov;
2001 (in Russ.).

8 GOST 22898-78. Interstate Standard. Low-sulphur
petroleum cokes. Specifications. Moscow: IPK Izd. standartov;
2004 (in Russ.).
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It is noted that ~98% of the emulsion water
goes with liquid products and was subsequently
easily separated by gravity, and the rest (~2%) was
“encapsulated” by the resulting coke.

The effect of the coking process conditions on the
yield of liquid hydrocarbons is shown in the figure.
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Effect of the coking process conditions on the yield
of liquid products. Coking pressure is at (1) 0.10 MPa,
(2) 0.20 MPa, and (3) 0.35 MPa.

The characteristics of the products were only
determined for those obtained under conditions
where maximum yield was achieved, i.e., at 500°C
(maximum coke yield) and 600°C (maximum yield
of liquid products). In addition, the density of liquid
products (hydrocarbons) varied from 0.8977 to
0.9346 g/cm?®, and it increased with an increase in
temperature (from 500 to 600°C) and a decrease in
pressure. The change in density is due to a change
in the fractional composition of liquid hydrocarbons
(Table 3).

It can be seen that at a lower temperature
and a higher pressure, the amount of gasoline and
kerosene fractions in liquid products is higher, which
correlates with the densities of these products. The
characteristics of the coke residue from the coking
process are presented in Table 4.

In terms of density and amount of volatile
substances and moisture, the resulting residues
meet the GOST 22898-78 “Low-sulfur petroleum
cokes. Technical specifications” requirements for
coke. Due to a high amount of impurities in the raw
materials, as well as the fact that they have not been
desalted, the ash content of the resulting coke is
significantly higher than that allowed for cokes used
for structural purposes (no more than 0.8 wt %).

Table 2. Influence of coking process conditions on product yield

Process conditions Output, wt %

Temperature, °C Pressure, MPa Gas Liquid Coke
0.10 1.7 79.2 19.1

500 0.20 6.5 72.8 20.7
0.35 8.4 68.5 23.1

0.10 22 82.8 15.0

550 0.20 7.0 76.4 16.6
0.35 8.9 72.1 19.0

0.10 2.9 85.2 11.9

600 0.20 7.7 79.0 13.3
0.35 9.7 74.9 154

0.10 5.1 83.2 11.7

650 0.20 11.4 75.8 12.8
0.35 14.6 70.9 14.5

0.10 10.3 78.4 11.3

700 0.20 19.9 67.8 12.3
0.35 25.5 60.7 13.8

Toukue xuMmudeckue texHosoruu = Fine Chemical Technologies. 2022;17(1):30-38

34



Alexander I. Nikolaev, Boris V. Peshnev, Ekaterina V. Egorova

Table 3. Influence of the coking process conditions on the fractional composition of liquid products

Conditions of carbonization Fraction content, vol %
Petrol Kerosene Diesel
° .
Temperature, °C Pressure, MPa (T, - 180°C)* (180-240°C) (240-350°C) Residue
0.10 12.4 343 28.8 24.5
500 0.20 14.7 38.9 27.7 18.7
0.35 25.0 40.0 252 9.8
0.10 11.3 26.4 30.3 32.0
600 0.20 13.9 30.0 29.3 26.8
0.35 22.3 31.5 27.3 18.9

*T bp is the initial boiling point.

Table 4. Influence of the coking process conditions on the characteristics of the coke residue

Conditions of carbonization ]
Density of coke calcined Ash content, M.a ST
- 3 ° of volatile substances and

at 1300°C, g/cm wt % . wt %

Temperature,°C | Pressure, MPa moisture, °
0.10 2.10 2.51 10
500 0.20 2.11 2.54 9
0.35 2.12 2.57 8
0.10 2.11 2.82 9
600 0.20 2.12 2.85 8
0.35 2.13 2.87 7

Coking gases contained hydrogen (20 + 5 vol %), CONCLUSIONS

methane (45 + 5 vol %), and C~C, hydrocarbons. An
increase in the temperature and pressure during the
coking process led to an increase in the amount of
hydrogen in the gas and a decrease in the amount of
methane. The amount of the remaining components
did not change significantly.

A characteristic feature of the resulting gas is the
significantly low amount of alkenes. In the coking
gases of residues from straight runs, the amount of
unsaturated hydrocarbons can reach 50%, whereas
in our case, it did not exceed 7 vol %. Obviously,
this is due to the composition of the raw materials:
low content of alkanes and high content of resins and
asphaltenes that have polycyclic aromatic structures.

The results show the possible application of
the coking process at the initial stage of processing
high-viscosity bituminous oil. In this case, the
dehydration stage is greatly simplified because the
technological scheme of delayed coking allows the
separation of the gasoline fraction from water. Also,
the results have shown that with an increase in the
coking process temperature, the yield of gaseous
products increases, the formation of coke decreases,
and the dependence of the amount of liquid products
on temperature increases with a maximum yield at
550-600°C. The coking process temperature also
affects the composition of liquid products. At a lower
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temperature, the amount of gasoline and kerosene
fractions in liquid products is higher. In addition, an
increase in pressure leads to an increase in the yield
of gaseous products and coke and to an increase in
the amount of low-molecular-weight fractions of
hydrocarbons in liquid products. The characteristics
of the coke formed from the coking process carried
out in this study are comparable to those that are
commercially produced. It is noted that during coking
of water-containing oil, up to 98% of emulsion water
goes with liquid products, and the remaining amount
of water remains in the formed coke.

REFERENCES

1. Shchurov V.. Tekhnologiya i tekhnika dobychi
nefti (Technology and technology of oil production).
Moscow: Al’yanS; 2009. 509 p. (in Russ.). ISBN 978-5-
903034-51-2

2. Shchelkachev V.N. Otechestvennaya i mirovaya
neftedobycha. Istoriya razvitiya, sovremennoe sostoyanie
i prognozy (Domestic and world oil production-history
of development, current state and forecasts). Moscow:
Inst. Komp’yuter. Issled.; 2002. 132 p. (in Russ.). ISBN
5-93972-189-3

3. Basarygin Yu.M., Bulatov A.L, Proselkov Yu.M.
Zakanchivanie skvazhin (Well completions). Moscow: Nedra-
Biznestsentr; 2002. 667 p. (in Russ.). ISBN 5-8365-0053-3

4. Urazakov K.R., Bogomol'nyi E.L, Seitpagambetov
Zh.S., Nazarov A.G. Nasosnaya dobycha vysokovyazkoi
nefti iz naklonnykh i obvodnennykh skvazhin (Pumping
production of high-viscosity oil from inclined and
watered wells). Moscow: Nedra-Biznestsentr; 2003. 303 p.
(in Russ.).

5. Forest G. Dobycha nefti (Oil production), transl.
from Eng. Moscow: Olimp-Biznes; 2001. 416 p. (in Russ.).
ISBN 5-901028-38-4

6. Korshak A.A. Osnovy neftegazovogo dela (Fundamentals
of oil and gas business). Ufa: DizainPoligrafServis; 2005. 528 p.
(in Russ.). ISBN 5-94423-066-5

7. Zheltov Yu.P. Razrabotka neftyanykh mestorozhdenii
(Development of oil fields). Moscow: Nedra; 1986. 332 p.
(in Russ.).

8. Stepanov V.A., Archegov V.B., Kozlov A.V,, Smyslov A.A.
Modern technologies for the development of deposits of
super-heavy oil and bitumen, prospects for their
application in Russia. In: Natural Bitumen and Heavy Oil.
CollectionofmaterialsoftheInternationalscientificandpractical
conference on the 100th anniversary of the birth of V.A.
Uspensky. St. Petersburg: 2006. P. 54—68 (in Russ.).

Authors’ contributions

A.I. Nikolaev — formulation of the problem, planning
and conducting experimental studies, determination of the
physicochemical characteristics of the research objects and
resulting products, processing the data obtained, preparation
of the data obtained for publication.

B.V. Peshnev — formulation of the problem, planning
and conducting experimental studies, processing the data
obtained, preparation of the data obtained for publication.

E.V. Egorova — determination of the physicochemical
characteristics of the research objects and the resulting
products, processing the data obtained, preparation of the data
obtained for publication.

The authors declare no conflicts of interest.

CIHIUCOK JIUTEPATYPbI

1. lypoB B.W. Texunonoeus u mexuuxa 006viuu Heghpmu.
M.: AnpstaC; 2009. 509 c. ISBN 978-5-903034-51-2

2. Hlenxaues B.H. Omeuecmseennas u muposas
Hegpmedobwiua. Mcmopus pazeumus, co8pemMennoe coCosHue
u npoenoszvi. M.: IHCTUTYT KOMITBIOTEPHBIX HCCIIETOBAHMIA;
2002. 132 c. ISBN 5-93972-189-3

3. bacaperun O.M., BymatoB A.U., I[Ipocenxos HO.M.
3akanuusanue ckeadcun. M.: Henpa-buznecuentp; 2002. 667 c.
ISBN 5-8365-0053-3

4. YpazakoB K.P., boromounensiii E.U., CeliTnaramb6eToB
XK.C., HazapoB A.I'. Hacocras 006wiua 8vlcokossskoil Hegpmu
U3 HAKIOHHBIX U 00800HeHHbIX ckeadxcun. M.. OO0 «Hempa-
busnecnientpy; 2003. 303 c.

5. @opecr I. JloObua HedTH: niep ¢. anrt. M.: Onaumi-
busnec; 2001. 416 c. ISBN 5-901028-38-4

6. Kopmak A.A. OcHoBbl He(TerazoBoro zena. Y pa: 000
«JduzaitallomurpadCeprucy; 2005. 528 c. ISBN 5-94423-066-5

7. XKentoB FO.II. Pa3paborka He(TSHBIX MECTOPOK-
nenuii. M.: Henpa; 1986. 332 c.

8. CremanoB B.A., ApueroB B.b., Koznos A.B.,
CwmbiciioB  A.A. CoBpeMeHHbIE TEXHOJOTHMH pPa3paboTKu
3aJeXel CBEpXTsDKENbIX HedTed M OMTYyMOB, MEpPCIIEKTHBBI
ux npumenenuss B Poccun. B ¢0.: Ilpupoonvie oumymor u
msdcenvie Hegpmu. Marepuanbl MeKIyHAPOIHOH HaydHO-
npakTudeckord koH}. k 100-meturo co aHs poxaeHus B.A.
Venenckoro. CI16; 2006. C. 54-68.

9. Bapstr O. O BO3MOXHOCTSIX KOMMEPUYECKOU
JKCIUTyaTaluu TpupogHoro outyma. B ¢6. TpymoB Mexmy-
HapoIHOH KoHbepeHmn: [Ipobiembl KOMNIEKCHO20 0CBOEHUs
MPYOHO U3BNEKACMBIX 3ANACO8 Hedmu U NPUPOOHBIX OUNYMO8
(0obbiua u nepepabomra). Kazanp. 1994;1:78-85.

10. Karokosa [I'Il., IlerpoB C.M., VYcnenckuit
b.B. CgoiictBa TskenbiXx Hedreil M OUTYMOB MEPMCKHX
ormnokeHnit TarapcTaHa B TPUPOJAHBIX M TEXHOTCHHBIX
nporeccax. M.: UznarensctBo TEOC; 2015. 341 c.

Toukue xuMmudeckue texHosoruu = Fine Chemical Technologies. 2022;17(1):30-38

36



Alexander I. Nikolaev, Boris V. Peshnev, Ekaterina V. Egorova

9. Baret E. On the possibilities of commercial exploitation
of natural bitumen. In: Proceedings of the International conference
Problems of complex development of hard-to-recover oil and
natural bitumen reserves (production and processing). Kazan:
1994;1:78-85 (in Russ.).

10. Kayukova G.P., Petrov S.M., Uspenskii B.V.
Svoistva tyazhelykh neftei i bitumov permskikh otlozhenii
Tatarstana v prirodnykh i tekhnogennykh protsessakh
(Properties of heavy oils and bitumen of Permian deposits
of Tatarstan in natural and technogenic processes).
Moscow: GEOS; 2015. 341 p. (in Russ.).

11. Muslimov R.Kh., Romanov G.V., Kayukova G.P,,
Yusupova T.N., Petrov S.M. Oil production prospects.
Vserossiiskii ekonomicheskii zhurnal EKO = ECO Journal.
2012;(1):35-40 (in Russ.).

12. Glagoleva O.F., Kapustin V.M. Tekhnologiya
pererabotki nefti (Oil refining technology). In 2 v. V. 1.
Moscow: Khimiya. KolosS; 2007. 400 p. (in Russ.).

13. Kapustin V.M. Tekhnologiya pererabotki nefti.
Pervichnaya pererabotka nefti (Oil refining technology.
Primary oil refining). In 4 v. V. 1. Moscow: KolosS; 2019.
451 p. ISBN 978-5-9933-0164-8

14. Solodova N.L., Terenteva N.A. Current state and
development trends of catalytic petroleum cracking. Vestnik
Kazanskogo Tehnologicheskogo Universiteta = Bulletin of
the Kazan Technological University. 2012;15(1):141-147
(in Russ.).

15. Khisamov R.S., Gatiyatullin N.S., Shargorodskii I.E.,
Voitovich E.D., Voitovich S.E. Geologiya i osvoenie zalezhei
prirodnykh bitumov Respubliki Tatarstan (Geology and
development of natural bitumen deposits in the Republic of
Tatarstan). Kazan: FEN; 2007. 295 p. (in Russ.).

16. Gimaev R.N., Kuzeev ILR., Abyzgil’din Yu.M.
Neftyanoi koks (Oil coke). Moscow: Khimiya; 1992. 80 p. (in
Russ.). ISBN 5-7245-0483-9

About the authors:

11. Mycmumos P.X., Pomano I'B., Karokosa [I'II.,
Ocynosa T.H., ITerpoB C.M. IlepcrieKTUBbI TSDKEIBIX HedTEH.
Bceepoccuiickuii skonomuueckuti swcypran IKO. 2012;(1):35-40.

12. Tnaronesa O.®., Kamycrun B.M. Texwonocus
nepepabomku Heghpmu. B 2-x gactsax. Yactb nepsas. M.: Xu-
must. KoitocC; 2007. 400 c.

13. Kanyctun B.M. Texnonozus nepepadomxu negpmu. B
4-x vactax. Yactb nepsas. [lepsuunas nepepabomxa negpmu.
M.: KonocC; 2019. 451 c¢. ISBN 978-5-9933-0164-8

14. ConomoBa H.JI., TepenrseBa H.A. Cospemennoe
COCTOSTHUE U TCHICHIIMH Pa3BUTHS KaTAJIUTHICCKOT0 KPEKUHTa
HeTsHOrO ChIpbi. Becmnuk Kazanckoeo mexnonoeuueckoco
yrusepcumema. 2012;15(1):141-147.

15. XucamoB P.C., Tartusrymuun H.C., Hlapropoxackuii
N.E., Boitrosuu E.[l., BoiitoBuu C.E. I'eonoeust u oceoenue
sanedxceti npupoouvix oumymos Pecnyonuku Tamapcman.
Kazans: ®OH; 2007: 295 c.

16. T'mmaes P.H., Kyzees WN.P, AGbprumbaun FO.M.
Hegmanoii koxe. M.: Xumust; 1992. 80 c. ISBN 5-7245-0483-9

Alexander I. Nikolaev, Dr. Sci. (Tech.), Professor, A.N. Bashkirov Department of Petrochemical Synthesis and Artificial
Liquid Fuel Technology, M.V. Lomonosov Institute of Fine Chemical Technologies, MIREA — Russian Technological University
(86, Vernadskogo pr., Moscow, 119571, Russia). E-mail: nikolaev_a@mirea.ru. https://orcid.org/0000-0001-8594-2985

Boris V. Peshneuv, Dr. Sci. (Tech.), Professor, A.N. Bashkirov Department of Petrochemical Synthesis and Artificial Liquid
Fuel Technology, M.V. Lomonosov Institute of Fine Chemical Technologies, MIREA — Russian Technological University (86,
Vernadskogo pr., Moscow, 119571, Russia). E-mail: peshnevbv(@mail.ru. https://orcid.org/0000-0002-0507-2754

Ekaterina V. Egorova, Cand. Sci. (Tech.), Associate Professor, A.N. Bashkirov Department of Petrochemical Synthesis
and Artificial Liquid Fuel Technology, M.V. Lomonosov Institute of Fine Chemical Technologies, MIREA — Russian Technological
University (86, Vernadskogo pr., Moscow, 119571, Russia). E-mail: egoroval412@mail.ru. https://orcid.org/0000-0002-7520-832X

06 aemopax:

Huxonaee Anekxcandp Hzopeeuu, n.rH., npodeccop Kapeapbl TEXHOIOIMUM HEDTEXUMHUYECKOTO CHUHTE3A M
UCKYCCTBEHHOTO *kuJKoro torumea uM. A.H. bamkupoBa MHcTHTYyTa TOHKMX XMMUYecKuX TexHojoruid um. M.B. JlomoHocosa
OI'BOY BO «MUPDA — Poccuiickuii TexHonornueckuii yausepcurer» (119571, Poccust, Mocksa, np-t Bepnazckoro, 1. 86).
E-mail: nikolaev_a@mirea.ru. https://orcid.org/0000-0001-8594-2985

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2022;17(1):30-38

37


mailto:nikolaev_a@mirea.ru
https://orcid.org/0000-0001-8594-2985
mailto:peshnevbv@mail.ru
https://orcid.org/0000-0002-0507-2754
mailto:egorova1412@mail.ru
https://orcid.org/0000-0002-7520-832X
mailto:nikolaev_a@mirea.ru
https://orcid.org/0000-0001-8594-2985

Coking of high-viscosity water-containing oil

ITewnee Bopuc Bnadumupoeuu, i.TH.,, npodpeccop Kapempbl TEXHONOTMH HEePTEXMMHYECKOTO CHHTE3a M
HCKYCCTBEHHOTO uakoro tormua uM. A.H. bamkuposa MucTrTyTa TOHKMX XUMHYeckux TexHosornit um. M.B. JlomonocoBa
OI'bOY BO «MUPDA — Poccuiicknii Texnonorndeckuii yausepcurem» (119571, Poccusi, Mocksa, np-t Bepuazackoro, 1. 86).
E-mail: peshnev@mirea.ru. https://orcid.org/0000-0002-0507-2754

Ezopoea Examepuna BnadoumupoeHa, K.T.H., IOLEHT KadeOpbl TEXHOJOTHH HE(PTEXMMHYIECKOTO CHHTE3a U
HCKYCCTBEHHOTO wuakoro tormuBa uM. A.H. bamkuposa MucTuTyTa TOHKMX XUMHYeckux TexHosoruit um. M.B. Jlomonocosa
OI'bOY BO «MUPDA — Poccuiicknii Texnonorndeckuii yausepcurem» (119571, Poccusi, Mocksa, np-t Bepuaackoro, 1. 86).
E-mail: egoroval412@mail.ru. https://orcid.org/0000-0002-7520-832X

The article was submitted: October 23, 2020, approved afier reviewing: December 11, 2020, accepted for publication: February 04, 2022.

Translated from Russian into English by N. Isaeva
Edited for English language and spelling by Enago, an editing brand of Crimson Interactive Inc.

Toukue xuMmudeckue texHosoruu = Fine Chemical Technologies. 2022;17(1):30-38
38


mailto:peshnev@mirea.ru
https://orcid.org/0000-0002-0507-2754
mailto:egorova1412@mail.ru
https://orcid.org/0000-0002-7520-832X

