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Abstract. The purpose of the study was to optimise the parameters of the propane-propylene desulphurisation
process to increase its efficiency. The study analysed the influence of temperature, pressure, and adsorbent type on
the effectiveness of the propane-propylene desulphurisation process. It was found that an increase in temperature
contributes to an increase in the rate of adsorption of sulphur compounds, but this effect persists only up to a
certain temperature value. After reaching a certain limit, the temperature begins to have a negative effect on the
adsorbent, causing its degradation. Based on the data obtained, the optimal temperature for maximum efficiency
of the desulphurisation process was determined to be in the range of 250-300°C. The effect of pressure on the
desulphurisation process turned out to be significant: increasing the pressure improves the results, as it increases
the density of the gas phase, which, in turn, contributes to better capture of sulphur compounds. However, if the
pressures are too high,there is no additional improvement in the results,and the energy costs of the process increase.
In addition, aluminium oxide proved to be the most effective of all the adsorbents considered. It has demonstrated
the best results compared to activated carbon and silica gel under optimal temperature and pressure conditions,
providing the greatest degree of sulphur removal from the gas mixture. Ultimately, the mathematical models
developed during the study confirmed that optimising the temperature and pressure parameters can significantly
increase the efficiency of the desulphurisation process. This allows not only increasing the degree of sulphur
removal, but also reducing energy costs and extending the service life of the equipment, which is important for its
practical application. The practical value of the research lies in the fact that an integrated approach that considers
the relationship between temperature, pressure, and adsorbent type significantly improves the desulphurisation
process on an industrial scale, providing higher efficiency and cost-effectiveness
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Introduction
The propane-propylene desulphurisation process is an  significantly degrade product quality and negatively
important step in the processing of hydrocarbon gases, affect equipment. The effectiveness of this process de-
as it allows the removal of sulphur compounds that can  pends on many factors,among which the main ones are
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temperature, pressure, and the choice of adsorbent. The
correct selection and optimisation of these parameters
can significantly improve the quality of desulphurisa-
tion, reduce operating costs,and improve the overall ef-
ficiency of the process. In this regard, research aimed at
optimising these factors represents an important step
in improving the productivity and durability of equip-
ment in the petrochemical industry.

The problem of effective propane-propylene des-
ulphurisation remains relevant in the petrochemical
industry, since the removal of sulphur from hydrocar-
bon gases is necessary to improve product quality and
protect equipment. Y. Lei et al. (2022) investigated the
effect of temperature on the process of propane-pro-
pylene desulphurisation, noting that an increase in
temperature to a certain level accelerated the adsorp-
tion of sulphur compounds. However, they also warned
that excessive temperature rise could lead to degra-
dation of the adsorbent, which reduced the efficiency
of the process. M. Mehri et al. (2021) studied the role
of pressure in the desulphurisation process, revealing
that an increase in pressure contributed to an improve-
ment in the interaction of gases with the adsorbent.
However, they stressed that the overpressure did not
significantly improve results and increased operating
costs. M. Andrade et al. (2021) concluded that the opti-
mal temperature for effective desulphurisation of pro-
pane-propylene was 200-350°C. This value contributed
to the maximum rate of adsorption, without leading to
overheating and degradation of the adsorbent used.
R. Kancherla et al. (2021) emphasised that an increase
in pressure contributed to an increase in the density
of gases, which improved the interaction of molecules
with the adsorbent. However, they also noted that high
pressures did not always lead to significant process
improvements and could cause additional equipment
costs. A.G. Georgiadis et al. (2021) noted that increasing
the pressure to a certain level enhanced the efficiency
of the process, but its further increase had no noticea-
ble effect on the result, which made such optimisation
economically impractical. They also emphasised the
importance of balancing pressure and other parame-
ters to achieve optimal conditions.

X. Li et al. (2023) studied various types of adsor-
bents, revealing that aluminium oxide demonstrated
the greatest efficiency in removing sulphur compounds.
They also noted that the correct choice of adsorbent
depended on the composition of the gas mixture and
the operating conditions, which required additional
analysis. P.S. Castro et al. (2023) confirmed that adsor-
bents based on metal oxides, such as aluminium ox-
ide, are significantly more effective than other mate-
rials, such as activated carbon or silica gel. They also
investigated how various parameters, including tem-
perature and pressure, affected the effectiveness of
these adsorbents. P. Kumar & V.C. Srivastava (2023) de-
veloped mathematical models for the analysis of the
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desulphurisation process, which considered the influ-
ence of temperature, pressure, and type of adsorbent.
These models allowed predicting the efficiency of the
process under different conditions and became the basis
for further optimisation research. C-T.Wang et al. (2025)
created models that helped fine-tune desulphurisation
parameters in real-world industrial conditions, mini-
mising energy costs and increasing productivity. They
emphasised the importance of using such models to in-
crease the sustainability and long-term effectiveness of
processes. X. Li et al. (2022) emphasised that the com-
position of the initial mixture influenced the choice
of adsorbent, which had to be taken in consideration
to achieve maximum sulphur removal efficiency. Their
studies examined various combinations of gas mixtures
and adsorbents to optimise desulphurisation.

Despite these achievements, there are still gaps in
understanding the exact interaction between the pro-
cess parameters, which requires additional study. For
example, the effect of the composition of the gas mix-
ture on the choice of adsorbent, the specifics of using
mathematical models to optimise the operating condi-
tions of the installation, and the durability of various
types of adsorbents on an industrial scale remain poor-
ly understood.

The purpose of the study was to determine the op-
timal values of temperature, pressure, and adsorbent
type for the propane-propylene desulphurisation pro-
cess aimed at improving its performance in energy and
engineering systems. Research objectives:

1.To consider various methods for optimising these
parameters to improve the removal of sulphur com-
pounds.

2. To assess the effectiveness of using different
types of adsorbents depending on the composition of
the gas mixture and operating conditions.

3.To evaluate energy costs under various tempera-
ture and pressure conditions.

Materials and Methods

As part of this study, the key parameters of the pro-
pane-propylene desulphurisation process were studied
in detail, with an emphasis on their impact on sulphur
removal efficiency and optimisation of operating costs.
The study focused on parameters such as temperature,
pressure, and adsorbent selection to optimise these
factors to improve process efficiency and minimise en-
ergy costs. Temperature is an important factor because
it directly affects the reactivity of the adsorbent and
the rate of adsorption of sulphur compounds. The study
examined how an increase in temperature affects the
reaction rate between the gas mixture and the adsor-
bent, which, in turn, promotes faster removal of sulphur
from the gas. However, the potential negative effects of
excessively high temperature, such as adsorbent deg-
radation, reduced adsorbent efficiency and increased
operating costs, were also investigated. The study of
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temperature conditions was aimed at finding the opti-
mal temperature at which the desulphurisation process
proceeds with maximum efficiency without damaging
the adsorbent. This would not only improve the puri-
fication speed, but also extend the service life of the
equipment. Different temperature regimes were select-
ed for each group of adsorbents based on their thermal
stability and ability to effectively remove sulphur under
various conditions.

Pressure also played a key role in the desulphur-
isation process. The study examined how an increase
in pressure affects the density of the gas phase, which
improves the interaction of the gas with the adsorbent.
The problem of excessive energy costs arising from too
high pressure, which can reduce the economic viability
of the process, was also investigated. To assess the ef-
fect of pressure on the process, experiments were con-
ducted during the study aimed at identifying optimal
pressure values at which the desulphurisation process
would be most effective and energy costs would be
minimal. The pressure increase factor was also consid-
ered to improve the density of gases, which had a pos-
itive effect on the interaction with the adsorbent, but
only up to a certain limit.

One of the key aspects of the study was the choice
of adsorbent. For this purpose, materials with high ad-
sorption capacity, selectivity, resistance to high tem-
peratures and mechanical influences, and efficiency in
removing sulphur from the gas mixture, were consid-
ered. Various types of adsorbents, such as metal oxides,
activated carbon, and metal-organic framework (MOF)
structures, were analysed. These materials have dif-
ferent physicochemical characteristics and can exhibit
different properties under different temperature and
pressure conditions.

In addition, an important part of the research was
the development of mathematical models that took
into consideration the influence of temperature, pres-
sure, and adsorbent type on the effectiveness of the
desulphurisation process. The models were used to
predict the optimal operating conditions of the plant,
which made it possible to accurately select the pa-
rameters that ensure the best result in real production
conditions. Mathematical modelling also allowed eval-
uating the economic efficiency of the process, which
was important for choosing optimal operating modes,
minimising energy costs and improving the overall pro-
duction economy. The models not only increased the
efficiency of sulphur removal, but also provided pre-
diction of the long-term characteristics of the plant,
which played a key role in optimising the process. The
study presented graphs based on calculations of math-
ematical models, such as the change in sulphur con-
centration over time and the effect of plant parameters
on the total cost of operation. The data on the initial
concentration, adsorption coefficient, adsorbent cost,
and energy consumption were used, which helped to

confirm the theoretical conclusions and give practical
recommendations.

Results

Desulphurisation is a critical process in the processing
of gas mixtures such as propane-propylene. The main
task of this stage is the removal of sulphur compounds
present in the raw materials. Sulphur and its compounds
pose a serious threat to production systems. When they
accumulate, the risk of corrosion of the equipment in-
creases, which reduces its service life and increases
the cost of repair and replacement. In addition, sulphur
compounds degrade the quality of the final product,
making it less competitive on the market. From an eco-
logical standpoint, sulphur removal reduces emissions
of toxic compounds into the environment, preventing
air pollution and minimising harm to ecosystems. With
increasing demands on the quality of hydrocarbon
products and industrial safety standards, desulphuri-
sation is becoming even more important. Modern pro-
cessing technologies require a high degree of purity of
the raw materials, which directly affects the productiv-
ity and reliability of the processes (Chen et al., 2022).

Temperature is a key factor determining the effi-
ciency of the desulphurisation process of hydrocarbon
gases, including propane-propylene mixture. It directly
affects the reactivity of the adsorbent and its ability to
remove sulphur compounds. Optimisation of the tem-
perature regime helps to accelerate adsorption, while
avoiding undesirable effects such as thermal degrada-
tion of the adsorbent or the development of secondary
pollutants (Wang et al., 2023).

An increase in temperature promotes the activation
of gas molecules, which increases the rate of their in-
teraction with the active surface of the adsorbent. For
example, for aluminium oxide-based adsorbents, an in-
crease in temperature to 250-300°C leads to a noticea-
ble improvement in their sorption capacity. However, an
excessive increase in temperature can cause thermal
destruction of the active components, reducing sorp-
tion properties and shortening the service life of the
material. This, in turn, increases the cost of operation
and maintenance of the installation.

At low temperatures, the activity of the molecules
and adsorbent decreases, which slows down the des-
ulphurisation process. As a result, the purification effi-
ciency decreases, and the plant’s performance may not
be sufficient for industry standards. To achieve optimal
results, it is necessary to find a balance between these
extremes. The optimal temperature range for most
industrial desulphurisation processes is 250-300°C,
which achieves high sulphur removal efficiency and
minimises the risks of adsorbent degradation.

In practice, temperature selection requires consid-
eration of many factors, such as the composition of the
gas mixture, the type of adsorbent used, and the op-
erating conditions. For example, mixtures with a high
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concentration of sulphur compounds may require a
higher temperature to ensure sufficient reactivity of the
adsorbent. At the same time, temperature Limits can be
set for adsorbents with low thermal stability to avoid
their destruction.

An integrated approach to the choice of tempera-
ture regime includes the use of experimental data and
mathematical modelling. Such models allow predicting
the behaviour of the system at different temperatures
and selecting optimal parameters, considering technical
and economic feasibility. This makes the temperature
regime an important element for the successful imple-
mentation of desulphurisation processes in industry.

Pressure plays a crucial role in the efficiency of hy-
drocarbon gas desulphurisation processes, including
propane-propylene mixtures. It determines the density
of the gas mixture and the intensity of the interaction
of gas molecules with the active surface of the adsor-
bent, which directly affects the removal of sulphur com-
pounds.However,pressure managementrequires finding
the optimal balance between technical efficiency and
economic feasibility, since excessive pressure can sig-
nificantly increase operating costs (Huang et al., 2023).

An increase in pressure leads to a convergence of
gas molecules, which increases the likelihood of their
contact with the adsorbent. This contributes to a more
intensive adsorption of sulphur compounds and, as
a result, improved purification results. For example,
M.A. Pordsari et al. (2024) have shown that when us-
ing aluminium oxide-based adsorbents, pressure in the
range of 10-20 atmospheres provides optimal results.
Nevertheless, the effect of increasing pressure has its
limits: after reaching a certain level, its further increase
ceases to have a significant effect on the effectiveness
of desulphurisation.

Too high pressure is accompanied by increased
gas compression costs and increased equipment loads.

This requires the use of more expensive materials and
structures to ensure reliable and safe operation of the
system. For example, increasing the pressure above 20
atmospheres may require the installation of specialised
compressors, which increases capital costs. In addition,
energy consumption associated with maintaining high
pressure is increasing, which reduces the overall eco-
nomic efficiency of the process.

To determine the optimal pressure, it is necessary
to consider the composition of the gas mixture and
the characteristics of the adsorbent used. For example,
mixtures with a high content of sulphur compounds re-
quire a higher pressure to achieve a given degree of
purification. When using adsorbents with low mechan-
ical strength, pressure limitations become critical to
prevent material damage.

Pressure optimisation is an important step in the
design and operation of desulphurisation systems. The
range of 10-20 atmospheres is considered to be the
most balanced in terms of technical and economic per-
formance. This approach helps to achieve a high degree
of purification of hydrocarbon gases at minimal cost of
equipment and energy resources.

Rational pressure management helps to increase
the stability of the process, improve the quality of the
final product, and reduce the negative impact on the
environment. This is especially important in modern
conditions, when the requirements for environmen-
tal safety and economic efficiency of production are
constantly being tightened. The type of adsorbent is a
crucial factor in the effectiveness of desulphurisation
processes, since its physicochemical properties directly
affect the ability to remove sulphur compounds from
hydrocarbon mixtures. Modern technologies offer a
wide range of materials,among which metal oxides, ac-
tivated carbon, and silica gels occupy a special place, in-
cluding the latest developments such as MOF (Table 1).

Table 1. Efficiency of different types of adsorbents depending
on gas mixture composition and operating conditions

Composition Operating Operating Adsorption coefficient
Adsorbent type of the gas mixture temperature (°C) pressure (atm) (Ka) (mg/g)
Aluminium oxide Propane-propylene, hydrogen sulphide 0.5% 200-300 10-15 85
Activated carbon Propane-butane, mercaptans 0.2% 50-150 1-5 70
Silica gel Propane-propylene, sulphur dioxide 100-250 5-15 60
MOF Propane-propylene, hydrogen sulphide 0.1% 150-250 5-20 95

Source: compiled by the authors based on J.Y. Lai et al. (2021)

Metal oxides, for example, aluminium oxide, are
characterised by high chemical stability and the ability
to bind molecules of sulphur compounds. This mate-
rial has proven to be an effective and affordable op-
tion, especially at temperatures of 250-300°C (lkram et
al.,2021). In addition, it has a good regenerative ability,
which makes it economically beneficial. However, the
effectiveness of aluminium oxide may decrease in the
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presence of complex impurities such as carbon dioxide
or organic pollutants, which requires additional pre-
treatment steps.

Activated carbon is valued for its high specific sur-
face area and versatility, allowing it to adsorb a wide
range of compounds. However, its properties may dete-
riorate at high humidity, which makes it less effective
for working with gas mixtures containing water vapour.
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Silica gels demonstrate high efficiency in low-temper-
ature processes and can adsorb moisture, improving
the quality of purification. However, their chemical re-
sistance is limited, which makes them less suitable for
handling aggressive components such as hydrogen sul-
phide or organic sulphur compounds.

MOFs are the latest generation of adsorbents that
have a unique porous structure and high selectivity.
They can be modified to work with certain sulphur com-
pounds, ensuring maximum efficiency with minimal
material consumption. For example, MOFs successfully
operate at low temperatures, which makes them prom-
ising for use in installations with limited energy con-
sumption. However, their widespread industrial use is
limited by the high cost and complexity of production.

Thus, the choice of adsorbent should be based on
a comprehensive analysis of the characteristics of the
initial mixture, operating conditions and economic fea-
sibility. Modern research in the field of developing new
materials and modifying existing adsorbents continues
to expand the possibilities of optimising the desulphur-
isation process, which makes it more efficient and sus-
tainable (Omar & Verma, 2022).

The process of propane-propylene desulphurisa-
tion is an important step in the industrial processing
of hydrocarbon mixtures aimed at removing sulphur
compounds. In order to achieve high efficiency in this
process, kinetic and dynamic parameters must be con-
sidered, which directly affect the choice of optimal op-
erating conditions for the installation. Studying these
factors helps not only to improve the process, but also
to significantly reduce operating costs, while increasing
production and environmental performance.

The kinetics of desulphurisation determines how
quickly and efficiently the adsorption of sulphur com-
pounds occurs onthe surface of the adsorbent (Al-Khodor
& Albayati, 2023). This aspect is key to optimising the
operating cycle of the installation. Important parameters
to consider are the duration of contact of the gas mix-
ture with the adsorbent and the rate of gas flow through
the reactor. The longer the contact of the gas with the
adsorbent, the higher the probability that sulphur com-
pounds will be effectively removed from the gas stream.
However, it is important to balance this parameter with
the energy costs and throughput of the installation.

In parallel with the duration of contact, the gas
flow rate through the installation is also important. A
high flow rate can speed up the process, but the degree
of adsorption will decrease, since the gas will not be in
contact with the adsorbent for a long time. On the con-
trary, too low a flow rate can lead to insufficient equip-
ment efficiency and excessive costs for maintaining the
necessary conditions.

The dynamics of the process, in contrast to kinetics,
considers the behaviour of a gas mixture over time and
its interaction with an adsorbent (Karimi et al.,2021).An
important aspect of the dynamics is to ensure an even

distribution of gas throughout the reactor volume. If
the gas passes through the adsorbent unevenly, this can
lead to the development of “dead zones” - areas where
the gas does not come into contact with the adsorbent
properly,which significantly reduces the effectiveness of
desulphurisation. Thus, it is important to adjust the gas
flow parameters to prevent the occurrence of such zones
and ensure an even distribution of the mixture compo-
nents. One solution to increase dynamic efficiency is
to use flow distributors or technologies with improved
gas-adsorbent contact. These technologies allow min-
imising the loss of working material and significantly
improving the degree of gas purification from sulphur.

In order to accurately determine the optimal pa-
rameters of the kinetics and dynamics of the process, it
is necessary to conduct experimental studies to collect
data for building models. Such data may include infor-
mation on the rate of adsorption of sulphur compounds
at various temperatures, pressures, and gas mixture
compositions. The use of mathematical modelling al-
lows predicting the behaviour of the system and opti-
mise the parameters in real production conditions.

Several approaches can be used to develop mathe-
matical models of the desulphurisation process during
propane-propylene processing. The main elements to
be considered include the adsorption coefficient, the
dynamics of changes in the concentration of sulphur
compounds, energy costs,and operating costs (Naderi et
al.,2024).Basicmathematicalmodelshavebeenproposed
that can be used to analyse and optimise this process.

The adsorption model can be based on the classical
theory of adsorption, where the concentration of sul-
phur compounds in the gas phase decreases over time,
depending on the process parameters. The basic model
for this process is the adsorption rate equation, which
can be written as (1):

ac
dat =K, C, (1)

where C - concentration of sulphur compounds in the
gas mixture (mg/m?); t - time (h); K, - adsorption coef-
ficient (m*/mg-h), which depends on the type of adsor-
bent and temperature.

The solution of this equation gives the dependence
of the sulphur concentration on time (2):

CH=C,-e*, 2)

where C, - initial concentration of sulphur compounds
(mg/m?3); C(t) - concentration of sulphur at time t.

The duration of the desulphurisation cycle depends
on the capacity of the adsorbent and the volume of gas
to be treated. The model for the cycle duration has a
form (3):

_ M'Gmax (3)

- )

¢ F-C

where t - duration of the desulphurisation cycle (h);
m - weight of the adsorbent (g); g - maximum

max
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capacity of the adsorbent (mg/g); F - volume flow rate
of gas (m?/h); C - concentration of sulphur compounds
in the gas mixture (mg/m>).

This model allows estimating the operating time
of the installation before the adsorbent needs to be re-
placed or regenerated. The energy costs of maintaining
temperature and pressure can be expressed in terms of
equipment capacity and operating time (4):

E=P-t, (4)

where E - energy cost (kWh); P - power of the equip-
ment (kW); t - operating time of the installation (h).

This model will help to calculate energy consump-
tion for different operating modes of the installation,
which is important for optimising processes. The total
cost of operating the plant consists of several compo-
nents: the cost of adsorbent, energy costs, and mainte-
nance costs. The model for the total cost of operation
is as follows (5):

300
250
200
150
100

Cmta[ = Cads + Cenergy + Cmaint’ (5)
where C_ - total cost of operation (USD); C , - ad-

sorbent cost (USD); C, - energy cost (USD); C . -
equipment maintenance and replacement costs (USD).

Here,the adsorbent cost may depend on the amount
of material used, energy consumption on the installa-
tion capacity and operating time, and maintenance
costs on the frequency of equipment replacement and
maintenance. Graph of changes in the concentration
of sulphur compounds over time: based on the equa-
tion for adsorption (2), a graph can be constructed
that shows a decrease in sulphur concentration de-
pending on time at different values of the adsorption
coefficient K (Fig. 1). The initial concentration values
of C,=100 mg/m* and adsorption coefficients K =0.1,
0.2,0.3 mg/m> were used in the calculations. Such data
help to estimate how fast the desulphurisation process
takes place at the specified parameters.

e Concentration (mg/m?) at K,=0.1
e Concentration (mg/m?) at K,=0.2
Concentration (mg/m?) at K,=0.3

50
0

~

9

Figure 1. Graph of changes in the concentration of sulphur compounds
as a function of time at different values of the adsorption coefficient

Source: compiled by the authors

Graph of the dependence of the total cost of oper-
ation on the parameters of the installation: a graph can
be constructed that shows the variation of total cost
of operation as a function of plant capacity, operating
time, adsorbent cost, and energy consumption (Fig. 2).
The total cost was calculated using the equation (5).

40,000
35,000
30,000
25,000
20,000
15,000
10,000

5,000

For calculations, the values of equipment power P=50,
75,100 kW, operating time t=100, 200 h, and electricity
price 0.1 USD/kWh, and the cost of adsorbent in the
range from USD 1,500 to 4,000 were used. These data
allow visually showing how the installation parameters
affect the economics of the process.

== Operation time (h)
= Adsorbent cost (USD)

Energy consumption (kWh)
== Maintenance cost (USD)
=T otal cost of operation (USD)

0

75 100 50

75

100

Figure 2. Graph of the dependence of the total cost of operation
of the installation on the capacity of the equipment and the operating time

Source: compiled by the authors

In engineering applications, the importance of
optimisation lies in ensuring the reliability and ac-
curacy of data for system design. For example, when
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designing desulphurisation plants, dynamic parameter
changes such as temperature or pressure fluctuations
must be considered to minimise the risks of equipment
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failure. Accurate mathematical models allow predict-
ing possible deviations and developing compensating
mechanisms, which increases the overall safety of the
installation (Ahn et al., 2023). Energy aspects are also
central to the process. Efficient energy management, for

example by choosing a low-energy adsorbent or opti-
mising pressure, reduces the load on the company’s en-
ergy systems. This is especially important in the context
of modern requirements for reducing carbon dioxide
emissions and energy conservation (Table 2).

Table 2. Energy costs under different temperature and pressure conditions

Temperature  Pressure Equipment  Operation time Energy costs Notes

(°C) (atm)  power (P) (kW) () (h) (E) (kWh)

150 5 50 10 500 Optimal mode for adsorpents with low
temperature resistance

200 10 70 10 700 Requires stable temperature c_ontrol, suitable

for aluminium oxide

250 15 90 10 900 High sulphur~ removal efﬁciency, increased
equipment cooling costs

300 20 120 10 1,200 Energy consumption increases significantly, the

use of heat-resistant adsorbents is required

Source: compiled by the authors based on PR. Chauhan et al. (2022)

Optimisation also significantly reduces operating
costs. For example, a more durable adsorbent reduc-
es the frequency of its replacement, which minimises
maintenance costs. In addition, reducing energy con-
sumption helps to reduce energy costs, which makes the
process more economically attractive for enterprises.
Engineering applications include the use of such mod-
els to select optimal materials, design equipment, and
predict system performance. The integration of these
models into automated control systems makes the pro-
cess more stable and adaptive to changing conditions.

Optimisation of desulphurisation parameters is an
integral part of engineering and energy applications. It
not only increases the efficiency of the installation, but
also ensures safety, reduces environmental risks and
improves the economic performance of the enterprise,
which makes the process more promising and sustain-
able in the long term. Thus, successful optimisation of
these parameters using appropriate models can signifi-
cantly improve the desulphurisation process, increasing
its economic and energy efficiency, and reducing oper-
ating costs.

Discussion

In the course of the study, the key parameters influ-
encing the process of propane-propylene desulphuri-
sation were analysed: temperature, pressure, and type
of adsorbent. The results showed that temperature
significantly affects the rate of adsorption of sulphur
compounds. The optimal temperature range estab-
lished during the experiments ensured high efficiency
of adsorbents, whereas a slowdown in adsorption was
observed at lower temperatures, and degradation of the
adsorbent structure at high temperatures.

This problem was also analysed by S.H. Shafeian-
pour et al. (2024), and their findings confirmed that the
process of propane-propylene desulphurisation de-
pends on temperature, since a change in temperature

regime affects the activity of catalytic processes. At high
temperatures, the reaction accelerates, which can lead
to faster desulphurisation, but also increases the risk of
adsorbent degradation. Determining the optimal tem-
perature range is critical to maximise the efficiency of
the process without loss of adsorbent quality. A.K. Sin-
gh et al. (2024) demonstrated that it is important to
establish a temperature regime that ensures a balance
between high reactivity and maintaining the stability
of the material to prevent adsorbent degradation. The
choice of a suitable temperature range also affects the
service life of the equipment and the cost-effectiveness
of the process. Careful analysis of the thermodynamic
characteristics of the adsorbent helps to avoid its de-
struction when operating at high temperatures.

It should be emphasised that optimising the tem-
perature conditions for propane-propylene desulphur-
isation is of key importance not only for increasing the
speed of the process, but also for extending the service
life of adsorbents. Despite the obvious advantages of
high temperatures in accelerating chemical reactions,
it is important to consider their impact on the stability
and durability of materials. Gas pressure also proved to
be a significant factor. Experimental data have shown
that an increase in pressure increases the density of the
gas flow and, as a result, improves the contact of gas
molecules with the adsorbent. However, with a further
increase in pressure, the adsorption efficiency stopped
increasing, which can be explained by the saturation of
the active centres of the adsorbent. This indicates the
need to fine-tune the operating parameters to prevent
an unjustified increase in energy costs.

J. Sun et al. (2022) concluded that increasing the
pressure during desulphurisation can significantly im-
prove the contact of the gas mixture with the adsor-
bent, which contributes to a more efficient capture of
sulphur compounds. Higher pressure increases the den-
sity of gas molecules, which increases the likelihood
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of collisions with the active centres of the adsorbent.
This can lead to faster and more complete removal of
sulphur from the gas mixture. The study by Q. Dong et
al. (2021) found that it is important to consider that in-
creasing the pressure has its limitations, since too high
pressure can lead to an overabundance of molecules,
which makes it difficult for them to interact with the
adsorbent. Determining the optimal pressure for desul-
phurisation is critical, as it must ensure maximum pro-
cess efficiency without unnecessary energy costs and
threats to system stability. This requires careful analy-
sis and experiments aimed at identifying the maximum
pressure for optimal operation of the adsorber.

These results confirm the previously presented
study, as they demonstrate a significant improvement
in desulphurisation efficiency when optimising tem-
perature and pressure conditions, which corresponds to
the conclusions of previous studies. It is confirmed that
the correct balance between temperature, pressure, and
reaction time can significantly increase the productiv-
ity of the process, while maintaining the durability of
the adsorbent. Such data also confirm the importance
of an integrated approach to the development and im-
provement of desulphurisation technologies to achieve
maximum efficiency and cost-effectiveness. The type
of adsorbent used showed the greatest variability in
the results. The most effective material was alumini-
um oxide, which provided a high degree of removal of
sulphur compounds. Organometallic skeletal structures
have shown promising results, but their high cost and
limitations in operating conditions have so far reduced
their competitiveness.

It is important to note the study by F. Ahmadijoka-
ni et al. (2021), in which it was also found that adsor-
bents based on aluminium oxides and organometallic
skeleton structures have various advantages in the des-
ulphurisation process. Aluminium oxides are known for
their high stability and good adsorption properties un-
der various temperature conditions, but their effective-
ness is limited compared to more specialised materials.
Whereas organometallic adsorbent framework struc-
tures offer improved selectivity and greater porosity,
which can significantly increase their efficiency in re-
moving sulphur from gas mixtures. In turn, A.T. Kadhum
& T.M. Albayati (2022) concluded that the prospects for
using modified adsorbents in industrial desulphurisa-
tion look promising, as they can combine the advan-
tages of both types of materials. Modification of orga-
nometallic skeleton structures and aluminium oxides
can significantly improve their resistance to high tem-
peratures and aggressive environments, and expand
their range of applications. These improvements open
up new possibilities for more efficient and cost-effec-
tive desulphurisation, which can lead to significant im-
provements in industrial gas purification processes.

The data obtained are consistent with the state-
ments outlined in the previous section, confirming that
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optimisation of parameters such as temperature and
pressure plays a key role in improving desulphurisation
efficiency. The results of the study demonstrate that the
correct combination of these factors can significantly
improve the contact of the gas mixture with the adsor-
bent, which contributes to a more complete removal
of sulphur compounds. Thus, observations confirm the
importance of an integrated approach that considers
the relationship between temperature and pressure
conditions, and the need to fine-tune them to achieve
maximum process performance.

The study of the kinetics of the process deserves
special attention. The results showed that the duration
of contact of the gas mixture with the adsorbent direct-
ly affects the effectiveness of desulphurisation. The op-
timal contact time ensured a balance between energy
consumption and the required purification levels, while
the insufficient duration did not allow achieving the
desired process quality. S. Li et al. (2021) also conduct-
ed a study, and their results confirmed that optimising
the gas-adsorbent contact time is an important aspect
for reducing energy consumption during desulphurisa-
tion. Too short a contact time can lead to insufficient
gas purification, while excessively long contact leads
to unjustified energy costs. Therefore, it is important
to determine the optimal duration of contact, which
will ensure effective purification with minimal energy
costs. S. Abbasi et al. (2023) also found that the effect
of the duration of contact on the degree of purifica-
tion of propane-propylene shows that there is a certain
time at which the purification process reaches maxi-
mum efficiency. Increasing the contact time usually
improves the degree of purification, but after reaching
the optimal point, efficiency begins to decrease due to
overheating and increased energy consumption. This
highlights the need to fine-tune the contact duration to
achieve the best balance between purification efficien-
cy and cost-effectiveness of the process.

Comparing the data obtained during the research,
it can be concluded that optimising the contact time
with the adsorbent has a significant impact on the ef-
fectiveness of the desulphurisation process. While in-
creasing the duration of contact improves the degree
of purification, it must be borne in mind that after a
certain threshold, a further increase in time does not
significantly improve results, but increases energy con-
sumption. These results highlight the importance of
precise control of contact time, which will optimise the
process, taking into account both purification efficien-
cy and energy savings. The dynamic properties of the
process also revealed the need for uniform gas distri-
bution in the reactor. It was observed that the uneven
gas flow led to the development of “dead zones” where
adsorption was practically absent. The use of flow dis-
tributors and preliminary calculations of gas dynamics
made it possible to significantly reduce these zones and
improve the overall productivity of the process.
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K. Kaczmarski & M.K. Szukiewicz (2021) conclud-
ed that the time of gas contact with the adsorbent is
indeed a key factor in the desulphurisation process, af-
fecting the degree of purification. The results showed
that at the initial stages, an increase in contact time
leads to a significant improvement in efficiency, since
the gas has time to interact with the active centres of
the adsorbent. However, after a certain point, the ef-
ficiency of the process stabilises, which confirms the
need to find the optimal time to minimise energy con-
sumption. X.Zhang et al. (2021) found that an excessive
increase in contact time leads not only to a slight im-
provement in the degree of purification, but also to an
increase in energy consumption, which is impractical
from an economic standpoint. This approach requires
careful process control to reduce unnecessary energy
costs while maintaining the required purification qual-
ity. It is important that this study provides a basis for
further optimisation of the conditions under which it
will be possible to achieve the best results in terms of
both savings and efficiency.

An analysis of the findings shows that optimising
the contact time with the adsorbent has a noticea-
ble effect on the effectiveness of desulphurisation,
allowing for better purification performance with
minimal energy consumption. While increasing the
contact time improves the degree of purification, it
has been found that further increasing it after a cer-
tain limit does not lead to significant improvements.
This highlights the importance of precise time con-
trol, which helps to save energy without compromis-
ing process quality. Thus, the analysis of the obtained
results confirms that optimisation of the parameters
of the desulphurisation process requires an integrat-
ed approach. The established relationships between
temperature, pressure, adsorbent type, and gas flow
characteristics can become the basis for further de-
sign and configuration of industrial installations. This
will increase the efficiency of the process and reduce
its operating costs.

been established that temperature plays one of the
leading roles in ensuring optimal operation of adsor-
bents. The use of a temperature range at which ad-
sorbents retain their activity helps to achieve a high
degree of purification of the gas mixture without loss
of the working properties of the materials. The anal-
ysis of the pressure effect revealed its critical impor-
tance for process optimisation. A moderate increase in
pressure contributes to a more intense contact of gas
molecules with the active centres of the adsorbent,
which increases the efficiency of purification. Howev-
er, an excessive increase in pressure does not provide
significant advantages and may lead to unnecessary
energy costs. The type of adsorbent proved to be a
key factor influencing the results of desulphurisation.
Aluminium oxides proved to be the most effective ma-
terials. Despite the promise of organometallic skele-
ton structures, their cost and limitations in operating
conditions limit their widespread use.

The kinetics of the process demonstrated that the
duration of gas contact with the adsorbent plays a sig-
nificant role. Optimal time parameters allowed achiev-
ing a high degree of purification without excessive
expenditure of resources. The dynamic characteristics
of the process have shown that the uniformity of gas
distribution in the reactor is crucial. The use of special
switchgear helped to minimise the development of
“dead zones”. Thus, an integrated approach to optimis-
ing the temperature, kinetic, and dynamic parameters
of the process ensure high productivity and reduced
operating costs. The results obtained can be applied in
the design and modernisation of industrial desulphur-
isation plants. The main limitation of this study is that
the experiments were conducted in a laboratory setting,
which may not fully reflect the complexity of industrial
processes. Further research is needed to investigate the
long-term stability of adsorbents under actual operat-
ing conditions, including the effects of impurities and
temperature fluctuations.
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AHotauis. MeToto po60TH byna onTuMisaLis napameTpiB NpoLecy CipKOOUULLEHHS NPONaH-NPONiNeHy AN NiABULLEHHS
Moro edpekTnBHOCTI. B poboTi npoaHanizoBaHo BNIMB TeMmnepaTypu, TUCKY Ta TUMY aacopbeHTy Ha ePeKTUBHICTb
npouecy pecynbdypauii nponaH-nponineHy. BctaHoOBNEHO, WO NiABULWEHHS TeMnepaTypu ChNpusie 306iNMblUEHHI0
LUBMAKOCTI apcopbuii cnonyk cipku, ane ueit edekT 30epiraeTbcs NMile A0 NEBHOrO 3Ha4YeHHs Temnepatypu. Micns
[LOCSITHEHHS NMeBHOI MexXi TeMnepaTypa NOYMHAE HEFAaTUBHO BMNIMBATM HA aACOPOEHT, BUKIMKAKOUM MOro AerpasaLito.
Ha ocHoBi oTpMMaHux AaHux Byno BM3HAYeHO, WO OMTMMaNbHa TeMnepatypa A/ MaKCMManbHOi epeKTMBHOCTI
npouecy CipkoOYMLLLEHHS 3HaXoAanTbCA B Aiana3oHi 250-300 °C. Bname TUCKY Ha npouec CipKOOYMLLEHHS BUSIBUBCA
3HAYHMM: NiABULLEHHS TUCKY NOKPALLYE pe3y/bTaTy, OCKiNbKM 36inblUye WiNbHICTb ra3oBoi dasu, Wo, B CBOKO Yepry,
CNpUSIE KPaLLOMY BNOBJIOBAHHIO CNOAYK Cipku. OfHaK, SKWO TUCK € 3aHAaATO BUCOKMM, [OAATKOBOIO MOKPALLEHHS
pe3ynbTaTiB He BifOYBAETbCS, @ EHEpPreTUYHi BUTPATU Ha NpoLec 3pocTatoTb. KpiM TOro, okcuza antoMiHilo BUSBUBCS
Hae@eKTMBHILMM 3 yCiX pO3rSHYTMX ancopbeHTiB. BiH NpooeMOHCTpyBaB HaMKpalli pe3ynbTaTM MOPIiBHSHO 3
AKTMBOBAHWUM BYTiNNAM i cuAikarenem 3a onTMManbHUX TEMMNEePaTYPHMUX | TMCKOBUX YMOB, 3abe3neunBLUMN HAUBINbLLMIA
CTYNiHb BUAANEHHS CipKM 3 ra3oBoi cyMili. Po3pobneHi B Xxoai AOCNigKEHHS MaTEMATUYHI Mogeni NiaATBepaAnau, Lo
ONTUMI3aLis NapaMeTpiB TeMnepaTypu i TUCKY A03BONSE 3HAYHO NiABULLMTM edeKTUBHICTb MPOLLeCy CipKOOYMULLEHHS.
Lle no3BoNSE He TiNbKM NiABULLMTM CTYNiHb BUAANEHHS CipKK, ane M 3HU3UTU EHEProBUTPATH Ta MPOLOBXUTH TEPMIH
cnyxbm o0bnagHaHHS, WO € BAKIMBUM AJ1S MOro NPaKTUYHOrO 3acToCyBaHHS. [1pakTMyHa LiHHICTb poboTH nonsrae
B TOMY, LLLO KOMM/IEKCHUI NiaXid, KM BPaxOBYE B3aEMO3BS30K MiXX TeMnepaTypor, TMCKOM i TMMOM afcopOeHTy,
3HAYHO MOKPALLY€E MpOLEC CipKOOYMLLEHHS B MPOMMCIOBMX MaclTabax, 3abesnevytoun Buly edekTMBHICTb Ta
€KOHOMIYHICTb
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