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The relevance of the study is determined by the need to understand the influence of the oxidizer on the formation of acid gases (COx,
H2S, COS and CS2) during thermal decomposition of high-viscosity hydrocarbons. This is important for predicting the purification efficiency
of the produced gasification products and estimating the economic costs.

The aim: using the simulation to study the effect of an oxidizer in the form of steam on the composition and properties of asphaltene gasi-
fication products obtained from natural bitumen, as well as to determine the cleaning efficiency depending on the amount of steam and the
absorbent based on NaOH water-alkaline solution.

Object: asphaltene of natural bitumen of Ashalchinskoe field of the Tatarstan Republic (Russia), oxidizer in the form of steam, the value of
which varied from 0,1 to 1 depending on the amount of asphaltene.

Methods: simulation of asphaltene gasification and acid gas absorption taking into account influence of an oxidizer in a form of steam with
regard for basic chemical kinetics, ultimate analysis and TGA.

Simulation results of gasification and absorption showed that steam used as an oxidizer during asphaltene gasification has a significant in-
fluence on the composition and properties of gasification products, as well as on the purification of syngas. With the increase of steam, a
parabolic dependence of the concentrations of syngas components is observed, which values decrease with time, except for CO2. The
calorific value of syngas decreases from 11,3 to 7,2 MJ/m? and the cold gas efficiency increases from 53,4 to 62,5 % due to growth of syn-
gas yield. As the amount of steam increases, the amount of absorbent decreases and the purification efficiency of acid gases rises. Thus,
the amount of absorbed COz increases by 20,7 % while the absorbent decreases by 6,7 %. At the same time the amount of absorbed H2S

increased by 0,39 % with decrease of NaOH by 40,9 %.

Key words:
Asphaltene, gasification, syngas, acid gas purification, NaOH.

Introduction

According to the International Energy Agency, in 2021
global CO, emissions increased by nearly 4,8 percent to 33
Gigatons, thereby approaching the 2018-2019 peak [1].
This increase, as noted by the International Energy Agen-
cy, is due to a recovery in demand for classic energy
sources such as coal, oil and gas in the second year of the
Covid-19 pandemic. In this regard, the use of conventional
energy technologies will lead to an increase in acid gases,
which will not only worsen the environmental situation,
but also have a negative impact on energy equipment. One
way to solve this problem is to use clean technologies,
which reduce the negative impact on the environment by
significantly improving energy efficiency, sustainable use
of resources or environmental protection activities. Clean
technologies include a wide range of technologies related
to recycling, renewable energy, etc.

In this regard, the use of fuel gasification is a more envi-
ronmentally attractive technology compared to direct
combustion. According to the Global Syngas Technolo-
gies Council, there are several hundred gasification plants
work in the USA, Europe, Asia, South Africa and other
countries which process various raw materials for the
production of liquid and gaseous fuels [2]. Oil sands and
bitumen are the important sources of raw materials and
are being studied in Canada, USA, Venezuela and other
countries. According to [3], bitumen reserves are estimat-
ed at 5,9 billion tons in the United States, 24,1 hillion
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tons in Canada, and 36,4 billion tons in Venezuela.
A significant amount of bitumen in Russia is concentrated
in the Tatarstan Republic (about 7 billion tons). Gasifica-
tion of bitumen will produce syngas and related products
for various industries.

Natural gas, associated petroleum gas, syngas may
contain acid gaseous components — carbon dioxide (CO,)
and hydrogen sulfide (H,S), as well as sulfur com-
pounds — carbonyl sulfide (COS), carbon disulfide (CS,),
and other impurities that negatively affect the environ-
ment and equipment. For example, the presence of CO,
and H,S creates conditions for metal corrosion and also
reduces the efficiency of catalytic processes. In addition,
H,S and COS are highly toxic substances. Removal of
these acid gases is driven by operational, economic, and
environmental factors [4].

Various absorbents and methods, including alkanola-
mines [5], organic solvents [6], membrane separation [7],
adsorption, and biological methods [8], are used to purify
acid gases. One way to purify acid gases in industry is to
use aqueous-alkaline solutions, particularly based on so-
dium hydroxide (NaOH) [9]. One of the advantages of the
latter is that it does not contain harmful impurities. Waste
NaOH can be used for simple neutralization or in pulp
and paper mills after quality control analysis [10].

The use of NaOH today is quite widespread and still
relevant. A study [11] described the simultaneous remov-
al of gaseous NOy and SO, from the flue gases of coal-
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fired power plants, where NaOH was used as an absor-
bent in the wet scrubber cleaning process, are described.

In [12] the authors conduct a comparative analysis of
the use of different membrane contactor for effective and
selective removal of SO, from the exhaust gases of ships
using NaOH.

The authors of [13] used NaOH to reduce H,S concen-
trations in wastewater collection system wells, which re-
duced the average H,S content by a factor of about 10.

A work [14] proposes using NaOH in a scrubber to
remove H,S from the geothermal fluid in the pilot plant
of the Castelnuovo geothermal power plant. Due to the
adopted countercurrent scrubber nozzle design, H,S re-
moval efficiency was achieved and allowed high CO,
concentrations to be treated.

One of the recent works related to NaOH concerns its
application as a catalyst together with Ni to effectively
increase hydrogen production and decompose phenol in
the treatment of complex phenolic wastewater [15].

NaOH is mainly used in the form of a solution in lig-
uid form. However, the authors of the work [16] proposed
a technology for purification of flue gases of power plants
from CO, and obtaining from it a solid carbonate, which
uses NaOH in solid form.

In addition to technical solutions for the use of NaOH,
scientific research related to this alkali is being conducted.

Paper [17] presents a method for measuring CO; in
synthetic biogas by passing it through a dilute NaOH so-
lution.

The authors of the paper [18] developed a polarizable
sodium hydroxide force field for modeling the structure
and thermodynamics of concentrated NaOH solutions.
This force field allows us to describe the structural and
thermodynamic properties of NaOH salt in aqueous solu-
tions, which is confirmed with experiments for a wide
range of concentrations.

In [19] four mass transfer rate models and two en-
hancement factors were estimated using CFD modeling for
CO, uptake in aqueous NaOH solution by comparing simu-
lation results with previously published experimental data.

The purpose of this work is to evaluate the influence
of the oxidizer on the formation of syngas components
and the efficiency of its purification from acid gases us-
ing NaOH-based aqueous-alkaline solution.

Model development
Model description

Bitumen contains heteroatomic compounds, including
sulfur, oxygen, nitrogen, metals, and high-molecular oil
hydrocarbons [20]. Asphaltene of natural bitumen of the
Ashalchinskoe oilfield (Russia) was chosen as the object
of numerical simulation as a substance containing a sig-
nificant amount of carbon and hydrogen.

The ultimate analysis and properties of asphaltene un-
der study are presented in Table 1. According to work
[21] the structural formula of asphaltene was chosen.
CHNS contents were determined using elemental analyz-
er (EuroEA3000, Eurovector SpA, ltaly). The calorific
value of the sample was determined in an IKA C200 calo-
rimeter (Germany).
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Tablel.  Ultimate analysis and properties of the asphal-

tene under study

Tabnuya 1. Dnemenmuwlll GHATU3 U CEOUCMBA UCCLEOYEMO-
20 acganvmena

Formulal(I)opmyna C154H150N404S3
Carbon/Yrnepon 84,28 %
Hydrogen/Boxopo 6,47 %
Oxygen/Kucnopox 2,73 %
Nitrogen/Asor 2,4%
Sulfur/Cepa 4,12 %

Molar mass/MounsipHast macca 2,337 kg/mol/kr/mons
Calorific value/Temora cropanus 35,4 MJ/kg/MJTx/xr

Fig. 1 shows a flow chart of asphaltene gasification
and syngas purification. Asphaltene is sprayed in the in-
ternal space of the gasifier and interacts with the steam.
As a result, syngas and a solid residue in the form of un-
reacted hydrocarbon are formed. The produced syngas
containing sulfur products is directed to the absorber for
purification, where it is purified from acid gases by a
NaOH-based aqueous-alkaline solution.

Purified
syngas

Steam
Asphaltene . I

1

Heating

Evaporation of
light hydrocarbons

Gasification A

Absorption
Solid residue products
Fig. 1. Flow chart of asphaltene gasification and syngas
purification
Puc. 1. Cxema easugpuxayuu acgpanomena u ovUCmKY Cum-
me3s-easa

For the numerical simulation, steam was taken as the
oxidizer. The steam/asphaltene ratio (S/A) was chosen as
a variable parameter, on which the amount of formed gas-
ification products depends. A temperature value of
1400 °C corresponds to the gasification temperature of
heavy oil residues according to Texaco technology. The
gasification pressure was calculated based on the ideal
gas law. The values given in Table 2 were used as operat-
ing parameters for asphaltene gasification simulation.

Table2.  Operating parameters of tgasification
Taonuya 2. Pexcumnble napamempsl npoyecca 2asupuxayuu

Gasification temperature 1400 °C
Temnepartypa razudukanuu
Asphaltene flow rate/Pacxox cbipbst 100 kg/h/kr/a
Oxidizer/Okucnurens H,0 (steam)/(map)
Steam/asphaltene ratio 01-1
(S/A)/Map/achanpren '

NaOH-based aqueous-alkaline solution was chosen as
an absorbent for purification of acid gases produced dur-
ing asphaltene gasification simulation. Table 3 shows the
absorption specifications based on data from work [22].
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Table 3.  Absorption specifications
Tabnuua 3. Xapakxmepucmuxu npoyecca abcopoyuu
Absorption temperature

Temneparypa abcopbunn

Absorbent/A6copbent

Solution concentration

KoHueHTpanus pactsopa

Molar mass/MouisipHast Mmacca

25°C

NaOH
10 % NaOH, 90 % H,0O
0,019 kg/mol/kr/mob

The methodology for evaluating the oxidizer effect on
the formation and purification efficiency of acid gases
produced during asphaltene gasification included several
steps (Fig. 2).

Asphaltene gasification model
Input data
Feedstock
Gasification parameters
Kinetics of the gasification process

Obtained data
Gasification simulation results

Validation

Syngas purification model

Input data
Absorbent
Absorplion parameters
Kinetics of the absorption process

Obtained data
Absorption simulation results

!

Validation

|

Determination of acid gas
purification efficiency depending on
the amount of oxidizer and absorbent

Fig. 2. Flow chart of research
Puc. 2. Ancopumm uccnedosanus

Stage 1 — development of the asphaltene gasification
model, including the following tasks:

e gathering information about the gasified feedstock
(elemental composition, molar mass, calorific value,
formula);

¢ determination of operating parameters of gasification (tem-
perature, oxidizer, oxidizer/feedstock ratio, flow rates);

e determination of the kinetics of gasification (initial
concentrations of reagents, gasification reactions, re-
action rate constants);

e obtaining gasification simulation results (concentra-
tions of gasification products, calorific value of syn-
gas, cold gas efficiency, gasification pressure);

o comparison of simulated results with the known data.
Stage 2 — development of the syngas purification

model, including the following tasks:

o gathering information about the absorbent (solution
composition and concentration, molar mass);

¢ determination of absorption specifications (tempera-
ture, acid gas and absorbent flow rates);

o determination of the absorption kinetics (initial con-
centrations of reagents, absorption reactions, reaction
rate constants);

e obtaining absorption simulation results (concentra-
tions of absorption products);

o comparison of simulated results with the known data.
Stage 3 — determination of acid gas purification effi-

ciency depending on the amount of oxidizer and absor-

bent, including the following tasks:

o (determination of maximum permissible concentra-
tions (MPC) of acid gases in accordance with regula-
tory documents;

o determination of the necessary amount of absorbent to
achieve safe values of the acid gas content at different
S/A ratios;

o determination of the purification efficiency of acid
gases at different S/A ratios.

Model assumptions

In order to simplify the simulation, some assumptions
are made as follows:

o The reaction of asphaltene and steam produces syngas
and a solid residue in the form of unreacted carbon
(reaction R1).

o Part of the carbon interacts with CO,, H, and steam.

e The produced dry syngas consists of CO, CO,, H,,
CH4, N, and HzS

Methods
Gasification kinetics

Gasification kinetics can be viewed as a complex of
several stages (Fig. 1). Having reached the required spray
temperature, fuel and oxidizer continue heating until mi-
crocracks form on the asphaltene surface due to water
evaporation. As a result, light hydrocarbons are released.
Then oxidation-reduction, steam-methane reforming and
water-gas shift reactions take place. At this time solid
residue and syngas are formed.

In developing the asphaltene gasification model, the
following chemical reactions were considered.

Chemical reactions with steam and asphaltene:

Asphaltene+H,0—Hy+CO+CO,+CH,+H,0+H,S+N,+C (R1)

CH,+2H,0~C0,+4H, (R2)
H,0—H,+0,50, (R3)
Steam-Reforming reaction:
CO+3Hye>CHy+H,0 (R4)
CH4+0,50,—CO+2H, (R5)
Water-gas shift reaction:
CO,+H,»CO+H,0 (R6)
Methanation reaction:
2C0+2H,CH,+CO, (R7)
Chemical reaction with carbon:
CH,—C+2H, (R8)
C+H,0CO+H, (R9)
C+2H,0-C0,+2H, (R10)
C+C0,2C0 (R11)
Chemical reactions with sulfur-containing substances:
CH,+2H,SCS,+4H, (R12)
CO,+H,S—COS+H,0 (R13)
2C0S—C0,+CS, (R14)
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CS,+2H,0—C0,+2H,S (R15)
Oxidation reaction:
C+0,50,—CO (R16)

To determine the rate constant in the reaction R1, the
experiments were carried out to determine the mass
change using TGA and DSC methods and a NETZSCH
STA 449 F3 thermal analyzer (Germany) [23].

Using the relation from work [24], the rate constant of
the second-order reaction was calculated as:

C,—C

k=—0—",
T:CyC

1 is the time, min; ¢y is the initial sample mass, kg; cis the
sample mass at time t, kg.

The obtained average value of the rate constant for the
reaction R1 was 5,997-10"°. This value was used for as-
phaltene gasification model. For the other reactions R2—
R16, the rate constants and equilibria were obtained from
the data from the works [25-27].

Kinetics of the absorption process

The absorber is supplied with a water-alkaline solu-
tion, which is sprayed onto the incoming gas and captures
the acid gases. The purified syngas is used for energy
production, and the absorption products are used as feed-
stock in various industries.

The following reactions occurring in the interaction of
hydrogen sulfide and NaOH were used for syngas absorp-
tion model [10]:

H,S+NaOH—NaHS+H,0 (R17)
H,S+2NaOH—Na,5+2H,0 (R18)

The interaction of CO, with NaOH was based on the
following kinetics [22]:

CO,+NaOH—NaHCO, (R19)
CO,+2NaOH—Na,CO3+H,0 (R20)

The produced additional organosulfur compounds also

interact with NaOH:

COS+4NaOH—Na,5+Na,COs+2H,0  (R21)

S/IA=0.1

C, mol/im3 C, mol/m?
26 26

40
—H2 ---CO --CO2 - CH4 — N2 —H2 —-CO -

[} 20 40 60
—H2 ---CO - -Cc02 CH4 N2

e T, min

CS,+6NaOH— 2Na,S+Na,CO4+3H,0 (R22)
According to Kopylov [22] the values of the reaction rate

constants for sulfur compounds [R17, R18, R21, R22] were
taken as 1,87-10* and for CO, [R19, R20] - 1,23-10°°.

Methods of data analysis

The cold gas efficiency (CGE) is defined as [28]:
CGE= (H HVgas d)) / HHeredstock

Here, ¢ is the gas yield in m3/kg HHVgas is the higher
heating value of the producer gas in MJ/m?; and HHV feeqsiook
is the higher heating value of the asphaltene in MJ/kg.

Model Validation

As for validation purpose the results of simulation of
asphaltene gasification and syngas absorption were com-
pared with known literature data. The accuracy of the
proposed models is estimated by the root mean square er-
ror (RMSE) using follow equation:

n Exp. — M .2
RMSE:JZ”( Xp, — Mod,) )

n

Here, Exp is the experimental (literary) value; Mod is
the simulated value; n is the number of values.

Results and discussion

Using Comsol Multiphysics software the following
results of the asphaltene gasification and syngas absorp-
tion simulation were obtained.

Gasification simulation results

Fig. 3 shows the non-stationary dependences of the
concentrations of the syngas components at S/A=0,1, 0,5
and 1. As can be seen from the figure, in the beginning of
gasification there is a rapid increase in the concentration
of CO and H,, then the process slows down. At the same
time, there is an increase in the concentration of CO,.
With the increase of steam, a parabolic dependence of the
concentrations of syngas components is observed, which
values decrease with time, except for CO,.

SIA=0.5

e = T, min
60

40
-co2 CH4 — N2

Fig. 3. Dependences of syngas component concentrations on time at S/A=0,1, 0,5 and 1
Puc. 3. 3asucumocmu HeCmayuOHapHbIX KOHYEHMpayuti KoMnoHenmog cunmes-zaza npu SIA=0,1,0,5 u 1
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Fig. 4 shows the dependence of the calorific value of

syngas (HHV,) on the S/A ratio. It can be seen that as the
amount of steam increases, the calorific value decreases
from 11,3 to 7,2 MJ/m®. Meanwhile, CGE increases from
53,4 t0 62,5 % due to the increase in syngas yield.
Fig. 5 shows the dependence of the change in the average
gasification pressure on S/A ratio. It can be seen that with
increasing steam, the average gasification pressure de-
clines. This is due to a decrease in the initial molar con-
centrations of the reagents as the S/A ratio increases.

HHV, kJ/m? CGE
11 500 4 r 64%

11000 4
10 500 4
10 000 -
9500 -
9000 +
8500 -
8000 4
7500
7000

F 62%

r 60%

r 58%

r 56%

F 54%

"
T T T T T T T T 52%
014 02 03 04 05 06 07 08 09 1

SIA

Fig. 4. Dependence of HHV syngas and CGE value on the
S/A ratio

Puc. 4. 3asucumocmo menniomeol ceoparust cunmes-easa u
KIIJ] 2azugpurayuu om SIA

Pressure, MPa
0.672 -
0.6700

0.668 -

0.664

0.660 -

0.656 -

0.652 4

06488 g 6482

0.648 4 0.6478 0.6474 0.6471

T T T T T T T T . S/IA
0.1 0.2 03 04 05 06 07 08 09 1

Fig. 5. Dependence of gasification pressure on S/A
Puc. 5. 3asucumocms dasnenus cazugpuxayuu om SIA

0.644

For validation of the results of asphaltene gasification
simulation, the concentrations of syngas components
were compared with the data [29, 30] at S/A=0,4 and
T=1400 °C (Fig. 6). Our results showed good conver-
gence with the results of other researchers (RMSE=4,7
and RMSE=6,13 respectively). The low values of CO
and CO; are related to the deficit of oxygen during steam
gasification.

The values of acid gas concentrations obtained during
asphaltene gasification simulation at different S/A ratios
are presented in Table 4. For comparison, the values of
maximum permissible concentrations (MPC) for acid gases
according to Sanitary-hygienic standard 2.2.5.2100-06 [31]
are also presented. The table shows that concentration of
CO, exceeds the standard by 2-5 times. For H,S this in-
dicator is higher by 3000 times. COS and CS, concentra-
tions do not exceed MPC, so we did not consider them
further.

Syngas
composition,
% vol
60%

50%
40%
30%

20%
11.8%

10.4% g gy,
10%

0.5%0,2%0.3% 0.5% 0.9% 1.3% 0.3% 0.29%0.3%

0%

H2 co co2 CH4 H2S H20 N2
=Our results  mVaezi etal (2011) = Ancheyta (2013)

Fig. 6. Comparison of the results of asphaltene gasification
simulation with the known data

Puc. 6. Cpasnenue pe3ynomamos MoOemuposanuss 2a3ughu-
Kayuu acpanbmeHos ¢ U36eCmMHbIMU OAHHbIMU

Table 4.  Obtained values of acid gas concentrations at

different S/A

Tabnuya 4. [onyuennvie 3HaueHUs KOHYESHMPAYULI KUCTBIX

2a306 npu pazauunolx SIA

CO; | H,S | cos | cs,
SIA mg/m°/mr/m®

0,1 56 109 10 307 0,251 0,936
0,2 84 894 9042 0,198 0,362
0,3 102 309 8 164 0,165 0,188
0,4 112 446 7 556 0,143 0,115
0,5 119579 7 046 0,126 0,073
0,6 124 929 6577 0,111 0,046
0,7 127 965 6 243 0,101 0,032
0,8 130 394 5901 0,001 0,022
0,9 131 815 5 626 0,084 0,016
1 132 704 5 368 0,077 0,011

MPC/TIJIK | 27000 3 10 10

Absorption simulation results

As a result of syngas purification simulation, the
values of purification efficiency and amount of absorbent
at different S/A ratios were obtained.

Fig. 7, 8 show the dependences of the absorption
degree of acid gases on the amount of absorbent at
S/A=0,1, 0,5 and 1. According to results of calculation it
is visible that with increase of steam, purification
efficiency increases and amount of required absorbent
declines. Meanwhile, the curves of CO, purification
efficiency become parabolic with increasing S/A ratio,
while for H,S it is closer to a linear dependence.

CO, absorbed
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

. . . . \NaOH/CO,
0.5 1 1.5 2 2.5 3
-#-8/A=0.1 +-S/A=0.5 % S/A=1

Fig. 7. Dependence of CO, absorbed on the absorbent at
different S/A

Puc. 7. 3asucumocmo noznowennozo CO, om abcopbenma
npu paziuunslx SIA
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H,S absorbed
100% 1

95% A
90%
85% A
80% A

75% 1

70% NaOH/H,S

05 1 15 2 25
-#-S/A=0.1 -+ S/A=05 -=-S/A=1
Fig. 8. Dependence of H,S absorbed on the absorbent at
different S/A
Puc. 8. 3asucumocme nocnowennozo H,S om abcopbenma
npu paziuunsix SIA

w

For validation the results of syngas purification simu-
lation, we compared them with the known data [32, 33]
under similar conditions (Figs. 9, 10) and they showed
good convergence (RMSE=3,62 and 4,98 respectively).

CO, absorbed
90%
e -
80% o
70% e
60%
50%
40%
30% 1 .
l
20% NaOH/CO,
0.5 1 1.5 2 2.5

—#-0ur results -#-Trisnaliani et al (2020)

Fig. 9. Comparison of the dependence of CO, absorbed
with the known data

Puc. 9. Cpasnenue 3asucumocmu noenowenus CO, ¢ us-
6eCIHbIMU OAHHBLMU

H,S absorbed
96% -
94% A
92% A
90%
88% A
86%

84% A

82% A

. : . . . . . ,NaOH/H,S
12 14 16 1.8 2 22 24 26 28 3
—#-Our results - ®-Chen et al (2001)
Fig. 10. Comparison of the dependence of H,S absorbed
with the known data

Puc. 10. Cpasnenue 3asucumocmu nocnowenus H,S ¢ uz-
6ECMHBIMU OAHHBIMU

80%

Effect of the oxidizer on acid gases

Table 5 shows the safe values of acid gases (below the
MPC value) depending on the amount of absorbent,
steam and purification efficiency. The table shows that as
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the amount of steam increases, there is a decrease in the
amount of absorbent and an increase in purification
efficiency. Thus, the amount of absorbed CO, increases
by 20,7 % (from 53,68 to 74,38 %) with a decrease in the
amount of NaOH for purification by 6,7 % (from 1,5 to
1,4). At the same time, the amount of absorbed H,S
increased by 0,39 % (from 96,34 to 96,73 %) with a
decrease in NaOH by 40,9 % (from 4,4 to 2,6). The
obtained dependence of purification efficiency on the
amount of absorbent agrees with the results of Alvarez-
Cruzetal. [34].

Table5.  Safe acid gases values at different S/A

Tabnuya 5. bezonacnuvle 3nauenuss KUCAbIX 2a308 Npu pas-
nuunbix SIA

=3 =3
S | E:| B @ |E% | 32
O |t | €8 | £ |2t | €%
S|z E=| 225 I E=| g8y
@ | 56| BRE€0 @ |gsd | |Ex
2180 | gf | 2 |£T| af
O T
0,1 15 26552 53,68 4.4 2,93 96,34
0,2 15 23808 57,05 3,6 2,96 96,38
0,3 15 22295 60,42 3,3 2,79 96,43
0,4 14 24306 63,79 3,1 2,84 96,47
0,5 14 23096 67,16 2,9 2,98 96,52
0,6 14 22284 68,61 2,8 2,95 96,56
0,7 14 21773 70,05 2,8 2,75 96,60
0,8 14 21435 71,49 2,7 2,81 96,65
0,9 14 21148 72,94 2,6 2,93 96,69
1 14 21056 74,38 2,6 2,78 96,73
Conclusions

It was revealed that steam used as an oxidizer during
asphaltene gasification has a significant effect on the
composition and properties of gasification products, as
well as on the syngas purification.

The results of asphaltene gasification simulation
showed that in the beginning of gasification there is a rap-
id increase in the concentration of CO and H,, then the
process slows down. With the increase of steam, a para-
bolic dependence of the concentrations of syngas compo-
nents is observed, which values decrease with time, ex-
cept for CO,. The calorific value of syngas decreases
from 11,3 to 7,2 MJ/m® and the cold gas efficiency in-
creases from 53,4 to 62,5 % due to an increase in syngas
yield.

Comparing the obtained concentrations of acid gases
with MPC, it was found that the concentration of CO, ex-
ceeds the standard by 2-5 times, H,S — by 3000 times.
COS and CS; concentrations do not exceed the MPC.

The results of syngas purification simulation showed
that as the amount of steam increases, there is a decrease
in the amount of absorbent and an increase in purification
efficiency. Thus, the amount of absorbed CO, increases
by 20,7 % (from 53,68 to 74,38 %) with a decrease in the
amount of NaOH for purification by 6,7 % (from 1,5 to
1,4). At the same time, the amount of absorbed H,S
increased by 0,39 % (from 96,34 to 96,73 %) with a
decrease in NaOH by 40,9 % (from 4,4 to 2,6).
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1 ®enepanbHblil MCCNeA0BaTENBCKUI LEHTP «KasaHCKWA Hay4HbIN LEHTP POCCUIACKON akagemuu Hayky,
Poccus, 420111, r. KasaHb, yn. Jlobauesckoro, 2/31.

AxkmyanbHocmb uccriedogaHusi onpedensiemcss He06X00UMOCMbBIO NOHUMAHUS 8/1USIHUS OKUCIUMens Ha 0bpa3osaHue KUCTbIX 2a308
(CO2, H2S, COS u CS2) 8 npouecce mepmu4ecko20 pas3ioxXeHuUs 8bICOKOBA3KUX y2neso00pod08. Imo 8axHO 07151 NPO2HO3UPOsaHUST Igh-
¢hekmugHOCMU O4YUCMKU NOMyYeHHbIX NPOOYKMO8 2a3uhuKayuU U OUEHKU SKOHOMUYECKUX 3ampam.

Lenb: ¢ nomowbro MameMamu4ecko2o MoOesuposaHus uccredosams 8USIHUE OKUCTUMENs 8 sude hapa Ha cocmas u cgolicmea npo-
Oykmos 2asucghukayuu acehanbmeHa, noMy4eHHO20 U3 NPUPOdHbIX Gumymos, a makxe onpedenumb CMeNeHU O4UCMKU 8 3a8UCUMOCMU
om Konuyecmesa napa u abcopbeHma Ha 0cHose 800HO-Weno4Ho20 pacmeopa NaOH.

O6Bexm: achanbmeH npupoOHo20 bumyma AwansyuHcKo2o mecmopoxoeHusi Pecnybnuku Tamapcman (Poccusi), okucnumens 8 sude
napa, eenu4uHa komopozo 8apbuposanack om 0,1 do 1 8 3asucumocmu om Kofuyecmaa acganbmeHa.

Memod: mamemamuyeckoe ModenuposaHue npoueccos 2a3ugpukayuu achanbmeHos u abcopbyuu Kucrbix 2a308 npu eosdelicmeuu
oKucrumens 8 sude napa ¢ y4emoM OCHO8 XUMUYECKOU KUHEMUKU, 3EMEHMHO20 U MmepMo2pasuMempuYeCcKo20 aHanu308.
Pe3ynbmambi MoOeNUpo8aHUs NPoueccos 2asugukayuu u abcopbyuu nokasasnu, Ymo nap, Ucnonb3yeMblli 8 Ka4ecmee OKUCIumens npu
2a3uchbukayuu acganbmeHos, OKa3biBaem CyWecmBeHHOe 8MuUsHUE Ha cocmag u ceolicmea npodykmos 2asuchukayuu, a makxe Ha
o4ucmKy cuHmes-2asa. C yeenuyeHuem napa HabnoOaemces napabonudeckas 3agUcCUMOCMb KOHUEeHmpayulli KOMNOHEHMO8 CUHME3-2a3a,
3HaYeHUs1 KOMOPbIX CO BPEMEHEM yMeHbwatomces, 3a uckmoyeHuem CO,. TennomeopHas cnocobHocmb cuHme3-2asa cHuxaemces ¢ 11,3
0o 7,2 MDx/m3, a KINJ easucpukayuu nogbiwaemes ¢ 53,4 0o 62,5 % 3a cyem ysenuyeHus ebixoda cuHmes-zasa. 1o Mepe pocma Konu-
yecmea napa ymeHblwaemcs Konudecmeo abcopbeHma u ygenudusaemcs aghehekmusHOCMb OYUCMKU CUHMEe3-2a3a OM KUCIbIX 2a308.
Takum o6pa3som, konuyecmso noenoweHHo2o CO2 ysenudusaemces Ha 20,7 % npu cHuxeHuu abcopberma Ha 6,7 %. lNpu amom konude-
€meo noanouieHHo20 H2S ebipocno Ha 0,39 % npu cHuxeHuu NaOH Ha 40,9 %.

Knioyeeble cnosa:
AccthbanbmeH, easughukayusi, CUHmMe3-2as, 04yucmka Kucnbix 2azos, NaOH.

Paboma svinonnena npu noddepaicke Munucmepemea obpasosanus u nayku Poccutickoli @edepayuu (Toc. 3adanue Ne FMEG-2021-0001).
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