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Objectives. The synthesis of high-viscosity oils is a fundamental aspect of oil refinement and
contributes toward improvements in their production technologies. However, current methods of
oil extraction are characterized by the inefficient use of energy resources. Therefore, refinement
costs continue to increase. Furthermore, high production emissions affect the environment. For
example, the Duosol-type process uses a large quantity of gas used in solvent recovery units in
existing furnaces, and excess heat is wasted. Additionally, oil dewaxing plants use water steam,
whose condensate can be contaminated with petroleum products or ketone-aromatic solvents.
The purpose of this study was to identify ways of improving the efficiency of high-viscosity
oil production technologies for energy efficiency and environmental safety as well as prove the
feasibility of computational methods of oil production plants’ improvement.

Methods. The heat quantity required for high-viscosity oil production is calculated using a thermal
equation and data obtained from industrial equivalents, empirical dependencies, and reference
data. The heat capacities and heat quantities of Duosol and dewaxing plants are calculated
using conventional methods based on the heat recovery principle.

Results. At the solvent regeneration unit of a Duosol plant, excessive heating of the cube in one
of the distillation columns was measured, leading to excessive heat consumption. This may result
in contamination of the low boiling distillation component with water—one of the still bottom
mixture components. Calculations show that the furnace should be divided into two chambers
to lower the temperature of the column cube to help solve this problem. Water steam is currently
used in the raw material preparation unit of the dewaxing plant. It has been found, however, that
the quantity of heat carried away by the flue gases of the furnaces is sufficient to heat the raw
material preparation unit of the oil dewaxing plant if water steam is completely excluded from
this operation.

Conclusions. Technology improvement at Duosol and dewaxing plants, which are part of the
process of obtaining high-viscosity oils at refineries, is possible through the effective redistribution
of energy resources.

Keywords: Duosol, base oils, energy carriers, dewaxing, solvent regeneration, water steam, flue
gases, production optimization.
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CoBepiieHCTBOBAHME TEXHOJIOTHH MOJYYeHUS BbICOKOBI3KHUX
MaceJ1 ¢ IoMobI0 3G PeKTUBHOIO NepepacnpeaeeHus
JHEPreTUYEeCKMX pPecypcoB

C.C. Poaun“, 10.A. 3oToB, B.IO. MopomikuH, E.A. Pensanon, E.B. [IInmkuH

Bonzozpadckuii 2ocyoapcmaeHHulil mexHuueckuil yHugepcumem, Bonzozpad, 400005 Poccust
@Aemop ons nepenucku, e-mail: rodin.s2012@yandex.ru

Ienu. ITpoussoocmeo 8blCOKOBA3KUX MACE, KAK U COBEPULEHCMEBOBAHUE MEXHON02UU UX NONY-
YeHUsl, SI8/ISlemest nepcneKkmusHblm HanpasaeHuem Hegpmenepepabomru. Cnocobul ebloenerust
MACASAHBIX PpaKyUll U3 Hegpmu SKCMPAKUUOHHBIMU MEMOOAMU XAPAKMEPUIYIOMCsL MAN0IP-
heKxmusHbIM UCNOABLI0BAHUEM IFHEP2OPECYPCo8 U, KaKk credcmeue, YooporkaHuem npouyecca, a
maroKe OmHOCUMEeNbHO OONLULUM KOAUUECBOM 8blOPOCO8, He2AMUBHO SAUSIIOUUX HA OKPYIKA-
towyro cpedy. Tax, 8 npouecce muna lyocon ucnonsyemes: 6onbuUL0e KOAUUECMB0 NPUPOOHO20
2a3a, NPUMEHSIeMO020 8 neuax Ha b10Kax pezeHepayuu ceiekmusHblx pacmeopumeneti, usbbimou-
HYI0 mensiiomy KOmopoz20 803MOIKHO peKynepuposams, a HA YCmaHosKax denapadpuHusayuu
Maces UCnoab3yemest 800sIHOU nap, KOHOeHcam Komopoz2o moxkem Obime 3az2psisHeH Heghmenpo-
JdyKmom unu KemoH-apomamuueckum pacmeopumesem. Lleno oaHHOU pabombl 3aKAIOUANACH
8 noucke nymetl nogbllUeHUsl 9PPEeKMUSBHOCMU MEXHON02UU NOSYUEHUS 8bLCOKOBSIZKUX MACesl
C MouKU 3peHust IHepa0IPheKmusHoCMuU U 3Ko102uUecKoll besonacHocmu, a makske 8 00Kasa-
menbcmee yenecoobpasHocmu 8apuUaHMO8 YAYUULEHUSL YCMAHOB0K MACASIHO20 Npoustoocmea
pacuemHsiMu Memooamu.

Memoovut. Kosuuecmso menna, Heobxooumoe Ok MeXHOI0eUUeCKUX Onepayull, oCyuecmenst-
eMblX HA YCMAHOBKAX NOAYUEHUSL BbLCOKOBSIZKUX MACEN, ONPEOeNSNU Menio8bim PACUEMOM.
Omom pacuem 6bLn nposedeH HA OCHOBAHUU OAHHBLX, NOJAYUEHHBIX HA NPOMBIULAEHHOM AHA02€;
HO OCHOBAHUU IMNUPUUECKUX 3a8Ucumocmell, a makiKe aumepamypHblX CNPABOUHbIX OAHHBLX.
ObwenpuHsamobiMU CNOCOOAMU PACCUUMAHBL BENUUUHBL MenoemKocmeil U meniogblx NOmoKos
ycmaHoeok cenekmusHol ouucmku lyocon u denapaguHusayuu. B ocHosy mennoswuix pacue-
mo8 NososKeH NPUHYUN peKynepayuu menaa.

Pesynomameut. Ha 6210ke pezeHepayuu pacmeopumenst yemaHosku yocon svlsigneH usbbimou-
Hblll Hazpes KYyba OOHOU U3 PeKMUPUKAUUOHHBLX KOJOHH, NPUBOOAWUL K nepepacxody men-
aa. Omo moxkem npueooume K 3azpsi3HeHUI0 HUSKOKUNSAULE20 KOMNOHEHMA NepezoHKU (npona-
Ha) 80001, Komopast siesiemest 00OHUM U3 KOMNOHeHmo8 Kybosoli cmecu. Pacuem nokasas, umo
onst pewlerust amoil npobnemsl yenecoobpasHo pazdeneHue neuu Ha 0ge Kamepsbl U NOHUIKeHUE
memnepamypsl 8 Kybe KonoHHbl. Ha 6n0Kke nodzomosku Cblpbst YcmaHosKU denapadpuHusayul
ucnosbayemest 800siHOU nap. YcmaHo8neHo, umo KOAUUeCcmeo menad, YHOCUMO20 OblMOSbIMU
eazamu neueil yemanosku [yocosn, docmamouro oast obecneueHuss menaom 610Kka no020mosKu
CblpbsL YCMAHO8KU 0enapaduHU3AUUU MACESL NPU NOSHOM UCKIOUEHUU 800SIHO20 Napa U3 0aH-
HOUl onepayuu.

Buieoodst. CogepuieHcmsogaHue mexHo02Ul Ha YemaHoekax Jyocon u 0enapapuHusayuu, se-
JSTOULUXCSL UACMBIO NPOUECCA NOAYUEHUSL 8bLCOKOBSIBKUX MACeS HA Hehmenepepabamobleaouiux
3a8000X, BO3MOXKHO nymem 3¢hchekmusHozo nepepacnpedeseHust SHep2opecypcos.

Knroueesle cnoea: /[yocos, 6azoesble macaa, sHep2oHOCUMeNU, 0enapagpuHu3ayusl, pezeHepa-
yusi pacmeopumeJist, 800sIHOU nap, 0blmossle 2a3bl, ONMUMUIAYUSL NPOU3BOOCMEA.

Jna yumuposanusa: Ponun C.C., 3otoB 10.JI., Mopomkuna B.1O., ®ensnor E.A., [Humkun E.B. CoBepmiercrBoBanme
TEXHOJIOTHH TTOJIyYCHHSI BRICOKOBS3KHMX MaceJ C IOMOIIIB0 3()()EKTHBHOTO MepepacipeiesiCHUs SHEPTeTHUECKUX PeCypcoB. TouKue
xumuueckue mexnonoeuu. 2020;15(1):37-45. https://doi.org/10.32362/2410-6593-2020-15-1-37-45

INTRODUCTION

Although refineries are key producers of
energy, they themselves are large energy consumers.
Therefore, it is no surprise that a key motivation of
refineries is increasing the efficiency of oil processing,

in Russia as well as worldwide [1]. The current trend
in oil refinement is the elimination of water steam as
a heat and energy carrier [2]. This has been driven by
tighter environmental standards controlling emissions
and effluents—the inevitable waste products of oil
refinement. Notably, high-viscosity oil production
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is the largest consumer of energy resources among
refinery types.

High-viscosity oil is a mixture of base oil
obtained from oil distillation and the purification of
the oil fraction with additives that create and improve
certain properties of the final product. Despite the
ever-expanding market of additives [3], there are
negative aspects of using them with oil products
[4]. Therefore, improving the technology for the
production of base oils is an imperative task.

The technology used to produce motor, aviation,
cylinder, compressor, transmission, and other oils
combines sequential physical processes of isolating
(via extraction) hydrocarbons having high-viscosity
indices, improved low-temperature properties, and
low-coking properties from oil fractions. Subsequent
to the vacuum distillation of fuel oil, distillate
fractions undergo selective purification and dewaxing,
and residual fractions (i.e., tar) undergo deasphalting,
selective purification, and dewaxing.

The Duosol process is a combined procedure of
extracting oil fractions from tar. Subsequent to low-
temperature solvent dewaxing, the fractions form
the basis for highly viscous oils (e.g., MS-20) and
insulating oils (e.g., KM-22). The Duosol process is
based on the use of two mutually insoluble selective
solvents. One of these selectively dissolves the desired

components of the feedstock, and the other dissolves
the undesired ones. One of the solvents is propane,
which exhibits deasphalting properties. The other is
Selecto, a mixture of phenol and cresol. Thus, the
Duosol process combines deasphalting and selective
cleaning. As a result, a raffinate (target product)
and a mixture of extract and asphalt (byproduct) are
obtained [5].

MATERIALS AND METHODS

Solvents are sequentially regenerated from
raffinates and extract solutions in distillation columns.
The process of propane regeneration from the extract
solution of a Duosol-type plant is conducted based on
the technological scheme shown in Fig. 1.

The extract solution is mixed with the asphalt
solution, and it sequentially passes H-5, H-18, and
H-35 heat exchangers to enter the C-11 column.
This column is designed to distil the main part of
the propane contained in the extract solution. A
vertical partition is installed at the bottom of the C-11
column. On one side of the partition, there is a suction
pipe (cold part), and on the other side, there is an
overflow to the C-17 column (hot part). The Selecto
vapor from the C-17 column goes through the H-35
heat exchanger for dehydration, and the distillation

Vapor of Vapor of Vapor of
Selecto propane — Selecto
r 55-95'C - 210-260°C
Left side  Right side
C-11 /\ .
C-17
Extract solution " —@—
¥ r —@— F-6
A————F
RaEd St L. " ] > *
H-5 H-18 H-35
A r
150-180°C R0-320°C
Vapor of Selecto to
dehydration Cold part i Hot part
é : 230-300"C
P-21 .
To C-12

Fig. 1. Existing scheme of propane regeneration:
H-5, H-18, H-35—heat exchangers; C-11, C-17—packed columns;
F-6—furnace; P-21—pump.
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residue goes to the C-12 column (not shown in the
figure) and then further.

The heat required for propane evaporation
is introduced by circulating the extract solution
that enters the lower part of C-11 column through
furnace F-6. The extract solution is obtained from
the cold part of the bottom of the C-11 column using
the P-21 pump and pumped in six flows through the
F-6 furnace. The extract solution is heated up to
280-320°C.

The extract solution from the bottom of the
C-11 column enters the C-17 column because of the
pressure difference. Here, Selecto distillation takes
place because of the excessive heat of the extract
solution originating from the C-11 column. No
additional heat supply is provided to the column.

A certain amount of dissolved water accumulated
on the column plates enters the C-11 column along
with the extract solution. As the temperature of the
column top is lower than what is required for water
removal as a vapor phase (55-95°C) and the still
bottom temperature is higher than the temperature at
which water removal in the liquid phase occurs, water
discharge through the column top (along with the oil
product) periodically occurs. This results in propane
contamination with asphalt.

Analysis of the technological scheme of the
solvent regeneration unit of the Duosol process, as
well as the analysis of methods for increasing the
distillation columns efficiency at oil refineries [6, 7],
allows us to propose a decrease in the temperature
of the C-11 column still bottom to the temperature
required for propane separation and simultaneously
organize the heating of the extract solution flow before
the C-17 column to enable water removal along with
the extract solution. For this, we propose to divide the
F-6 furnace into two parts. One part should be used to
heat the C-11 column and the other one—to heat the
extract solution flow from C-11 to C-17.

Calculation of the temperature required for the
regeneration of most propane from the extract solution
comes down to the calculation of the heat required to
convert propane to its gaseous state at a given pressure

(1.9 MPa). It is known [8] that propane saturation
temperature at 1.9 MPa is 50°C, and its evaporation
heat is 514.96 kJ/kg [9]. The composition of the
extract solution (extract + solvent) per 100 mass
parts (percent) of raw materials (tar) directed to the
regeneration of solvents is known based on the data
for an industrial equivalent [5]. The composition for
100 mass parts of the extract solution is provided in
Table 1.

Based on the data of Table 1, one ton of the extract
solution contains an average of 21% or 210 kg of
propane and its conversion to gas (regeneration from
solution) requires 108 141.6 kJ (the specific evaporation
heat is 514.96 kJ/kg). Considering the heat capacities of
the extract solution components [10] and their content
in the mixture, the heat capacity of the extract solution
is c,=2.57 kJ/(°Cxkg).

We calculate the temperature required for
propane evaporation as follows:

r-—2 , (1)
c.xG

P

where Q is the amount of heat required for the
evaporation of 210 kg of propane at 1.9 MPa; T'is the
temperature of propane evaporation from the extract
solution, °C; c¢_1is the average heat capacity of the
extract solution, kJ/(°Cxkg); and G is the average
propane content in the extract solution, G = 210 kg.

The calculated minimal temperature for propane
recovery from the extract solution is 201.16°C at 1.9 MPa.
Thus, the C-11 column still bottom is heated to
280-320°C. This significantly exceeds the required
temperature, and the main portion of propane can
be distilled at a lower temperature. Reducing the
temperature of the C-11 column still bottom would
make it possible to remove water (along with the
extract solution) and simultaneously organize the
heating of the extract solution flow before the C-17
column. This can be done by dividing the flow from
pump P-21 before furnace F-6 (the partition in the C-11

Table 1. Components of the extract solution

Compoent ofthe solution | 21471 PEr L0 L PArts L, | O et soluton, mase %% | - mterials kg
Extract 41 10 100
Propane 86 21 210
Phenol : cresol = 1:1 277 69 690
Total 404 100 1000
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still bottom should be removed) and dividing furnace
F-6 into two parts. One part should be used to heat
the C-11 column still bottom, and the other one—to
heat the extract solution flow to C-17. One stream
should be directed back to C-11, and the other one
—to C-17. The suggested flow separation scheme is
shown in Fig. 2.

The proposed scheme would eliminate water
discharge at C-11, thus reducing the probability
of propane vapor contamination with the extract,
reducing the corrosion of C-11 and its service lines,
and reducing the probability of asphaltene cracking by
shortening its residence time in the high-temperature
zone. Moreover, the temperature decrease allows
reducing the consumption of fuel (natural gas) upon
combustion in furnaces, which could also result in
reduced energy costs.

While analyzing the production of high-viscosity
oils, we noticed that the regeneration of solvent pairs
(i.e., propane and phenol-cresol mixture) at Duosol
plants was performed in distillation columns using
the heat of the flue gases from fuel combustion in
furnaces. In typical plants for solvent dewaxing, we
found that water steam was used for raw material
preheating (80°C).

The flue gases of the Duosol furnaces are directed
into the chimneys with the outlet temperature of up to
350°C. On average, the temperature is in the range of
250-260°C. If we consider that 60—100 m*/h of natural

gas is burned (on average) every hour per one ton of the
raw materials, it is clear that the recovery of this amount
of heat is possible.

Water steam is used in dewaxing plants as a
working fluid in ejectors of columns used for solvent
regeneration from final products and for raw materials’
preheating. This is required to obtain a true oil solution,
from which pure paraffin crystals are separated at a later
stage.

In recent years, there has been a trend of not using
water steam as a working fluid in vacuum devices or as a
heattransfer agentin oil refineries owing to the possibility
of contaminated effluents’ formation. Moreover, there
is an efficient method [11] of solvent regeneration in
nitrogen. Therefore, the complete repudiation of using
water steam at the stage of raw material preheating is of
practical interest, if water steam could be replaced by an
efficient and economical energy carrier.

RESULTS AND DISCUSSION

We have proposed the redistribution of energy
resources for the production of oil products at Duosol
and dewaxing plants, which are often located near oil
refineries. Furthermore, we have shown that it is possible
to rationally design process pipelines from furnaces to
heat exchangers. Using the heat of the flue gases of
Duosol furnaces will allow the reduction of water vapor,
and fuel gases with lower temperatures will have less
impact on the environment.

V‘upur of Vapor of Vapor of
Selecto propane Selecto
335°C
55-95°C 210-260°C
Leftside Right side
C-11 /\
C-17
Extract solution - —@—
—@— F-6
29 1
M —C 3 | £F |
H-5 H-18 H-33
P—
r
Vapor of Selecto to 230-300°C
dehvdration
To(C-12

P-21

Fig. 2. Proposed scheme of propane regeneration:
H-5, H-18, H-35—heat exchangers; C-11, C-17—packed columns;
F-6—furnace; P-21—pump.
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During the Duosol process, solvent pairs are used
to extract the raffinate. The latter is subsequently
subjected to low-temperature dewaxing using a
ketone-aromatic solvent, and the extract serves as a
raw material for producing oxidized bitumen. It is
known that prior to leaving the unit, the main product
(raffinate) and the byproduct (extract) of the Duosol
process undergo solvent regeneration because of the
heat of the flue gases produced by the combustion of
gaseous fuels in furnaces [12].

To support the feasibility of using the heat of
flue gases, a thermal calculation was presented. The
amount of heat required to heat the dewaxed raw
material was determined. The calculation used the
initial data of the material balance of the Duosol
plant. In accordance with it, 3.36 parts of propane
and 3.52 parts of Selecto solvent corresponded to 1
part of tar (i.e., the raw material of the Duosol plant).
The phenol-cresol ratio was 1:1.04, or 49 and 51%,
respectively.

The evaporation heat of propane, phenol, and
tricresol (components of Selecto) are 431800,
446200, and 438800 kJ/t, respectively [13].
Therefore, we calculated the amount of heat required
for the regeneration of solvent pairs with a specific
productivity of one ton of raw material per hour
(100 mass %) (Table 2). Hereinafter, calculations are
performed for this specific productivity.

Typically, the furnaces of refinery plants use gas
of their own production or natural gas from nearby
pipelines. In addition to methane, fuel gases contain
a certain amount of ethane (up to 0.7%), propane (up
to 0.1%), butane (up to 0.1%), nitrogen (up to 2.8%),
acidic CO, gases (up to 0.2%), and traces of sulfur
compounds. Therefore, the calculation considers
the composition of the energy carrier, which affects
the specific heat of combustion (35.13 MJ/m?) [14].
Moreover, fuel gases contain compounds that can
cause corrosion of the heat exchange equipment. When
using conventional natural gas for the calculation, its
specific consumption was 84.56 m*/(t_  xh), which
is typical at Duosol refineries.

The volume Ve of the combustion products of
1 m?® of natural gas (with a given composition) and

the volumetric heat capacity of these products were
calculated using conventional methods [15]. In typical
Duosol furnaces, 10.85 m?® of combustion products are
obtained from 1 m® of natural gas. The heat capacity
of the flue gases at the outlet of a Duosol furnace pipe
and accordingly, at the heat exchanger inlet is 1.4191
kJ/(m*xK) at . = 260°C.

The heat capacity of the flue gases at the heat
exchanger outlet (at a permissible temperature of
170°C) is ¢', = 1.4037 kJ/(m’xK). The permissible
temperature is chosen such as to prevent the
condensation of water vapor and avoid the formation
of corrosive compounds that results in equipment
wear.

The heat 0, that can be obtained from the flue
gases of the Duosol plant in the heat exchanger of the
dewaxing unit is determined by the difference in the
enthalpies at the heat exchanger inlet and outlet:

Qcp =Hin _Hou[' (2)

The enthalpy of the flue gases at the heat exchanger
inlet at 260°C per one ton of raw material is

H,, =c\xt, xV, xV,  =1419 x 260 x 10.85 x

x 84.56 = 351690 kJ/t

raw mat’

At the heat exchanger outlet at 170°C:

H,, =c) xt,, xV, xV, =14037x 170 x 10.85 x

out V4 gas

x 84.56 =224320 kl/t |

aw mat”

Then the heat Q_ obtained from the flue gases
in the heat exchanger (calculated per one ton of raw
material) is 127 369 kJ/t

Exhaust steam (130°C, 0.3 MPa) is typically used
for the preparation of raw material at dewaxing plants
[14]. The amount of heat required to heat the oil (the

raw mat”

Table 2. Amount of heat required for solvent regeneration in the Duosol process

Solvent mass %, (ton/ton,__ ) Amount of heat, kJ/ton .
Propane 336 (3.36) 1450848
Phenol 172 (1.72) 742696
Selecto, of them: 352 (3.52) 1519936
Cresol 180 (1.80) 777240
Total 788 (7.88) 2970784
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raffinate of the Duosol process and the raw material of
the dewaxing unit) can be calculated by the following
formula:

H

lig

= L15><(0.0015><T2 +0.726xT —33425),  (3)
dlS

where Hlig is the enthalpy of the liquid oil product, kl/kg;

dy is the relative density of the oil product to be
dewaxed; and 7 is temperature, K.

In this case, the relative density of the oil product
to be dewaxed is 0.840, and the heating temperature
is 80°C (or 353 K). On this basis, the amount of heat
O,... required to heat the raw material to be dewaxed
from 20 to 80°C is 122 650 kJ/t .

As seen from the calculation, the heat that can be
obtained from the flue gases of the Duosol furnace at
260°C meets the demand for heating at the dewaxing
units for raw material preparation: Q> O, .

Considering the heat-carrier properties of the flue
gases of the Duosol process, we suggest that a one-way
counter-flow shell-and-tube heat exchanger be used.
In this heat exchanger, the intertubular space should
be used to heat the selective purification raffinates or
Duosol raffinates.

Heat transfer surface F required for heating the
raw material to be dewaxed can be calculated using the
following formula:
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_ Qheat

- ; 4
Atm x KT

where Az is the average temperature difference in the
heat exchanger, and K is the average heat transfer
coefficient over the heat exchange surface.

The required heat transfer surface F at Az = 220°C
and K = 70 W/(m°xK) (from the gas to the organic
liquid), calculated for a specific productivity of one
ton raw material per hour, is 8.27 m?.

CONCLUSIONS

1. To avoid propane contamination with water
steam and reduce the probability of propane vapor
contamination with the extract solution, we have
suggested dividing the furnace of the propane
regeneration unit at the Duosol plant into two chambers.

2. The heat of the flue gases leaving the Duosol
furnaces, with a temperature of 260°C and above, is
sufficient to preheat the raw material of the dewaxing
unit.

3. For Duosol plants, we have shown the possibility
of efficient redistribution of energy resources from oil
production plants. For this purpose, it is necessary
to partially (or completely, in the case of solvent
regeneration in nitrogen) eliminate water steam. As a
result, contaminated effluents at oil dewaxing plants
could be avoided.
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