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Abstract: Catalytic reforming with continuous catalyst regeneration
(CCR) is one of the key processes in the production of high-octane
gasolines. The need to improve its energy and resource efficiency while
complying with modern environmental standards remains a relevant and
pressing issue. Particularly challenging is the development of accurate
mathematical models of this process under industrial operating
conditions, considering catalyst degradation, fluctuations in feedstock
composition, and significant thermal effects. The purpose of the article is
to develop and calibrate a mathematical model of the CCR reforming
process using Aspen Hysys, demonstrated through a case study of the
Atyrau Refinery. The research methodology includes the collection of
operational data (feedstock composition, reactor parameters, catalyst
properties), construction of a detailed process flowsheet, thermodynamic
modeling, and calculation of material and energy balances. The
developed model was calibrated using actual industrial data and tested
for reproducibility and predictive accuracy. The results confirm that the
proposed model reliably predicts reformate yield and octane number, as
well as identifies optimal process parameters under variable production
conditions. The article emphasizes the technological advantages of CCR
reforming, including high process stability, extended catalyst service life,
and improved energy efficiency. The practical significance of the
research lies in the possibility of applying the developed model to
optimize the operation of existing CCR units and for the training of
engineering personnel. The proposed approach can also be adapted for
other refineries with similar technological configurations.

Keywords: catalytic reforming, continuous catalyst regeneration, Aspen
Hysys, mathematical modeling, process optimization, high-octane
gasoline.



mailto:dyussova_rm@enu.kz
mailto:Ya.sergeevs@pnhz.kz
mailto:seitenova_gzh@enu.kz
mailto:borasheva_23@aogu.edu.kz
mailto:980815450705@enu.kz
mailto:dyussova_rm@enu.kz
https://doi.org/10.32523/2616-6771-2025-152-3-74-89
https://doi.org/10.32523/2616-6771-2025-152-3-74-89
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 152(3)

1. Introduction

The current level of development of world economic systems is accompanied using oil
refining and petrochemical products everywhere. The international petroleum products market is
among the most investment-intensive sectors of global trade. Over a hundred countries are involved
in producing refined petroleum, regardless of whether they possess their own hydrocarbon reserves.
In some states, petroleum products are primarily manufactured for export, whereas in Southeast
Asia and the Pacific region the focus remains on satisfying domestic demand (lIvanchina et al.,
2021; lvashkina et al., 2023). Given the unique performance characteristics and relatively low cost
of petroleum-based products, the oil refining and petrochemical industries are expected to retain
their strategic importance for the foreseeable future (Muhammad Nadeem Khalid, 2023). Currently,
three oil refineries operate in Kazakhstan (Atyrau, Pavlodar, Shymkent). The total capacity of the
three main oil refineries in Kazakhstan for oil refining as of 2024 is 16.7 million tons per year
(Annual Report, 2024).

The catalytic reforming process is the basic process to produce high-octane components of
motor gasoline and aromatic hydrocarbons for most oil refineries in Kazakhstan. However, modern
environmental requirements increasingly limit the content of aromatic hydrocarbons in gasoline and
force oil refineries to introduce new processes that provide the necessary octane characteristics. At
the same time, it is impossible to completely abandon the production of reformate. At present, this
is the cheapest and most traditional way of upgrading the straight-run gasoline fraction of 85—
180°C. In addition, for many enterprises, this is the only way to produce hydrogen, which is
increasingly required with the constant growth of capacities for hydrodesulfurization of gasoline
and diesel fuels (Lopes et al., 2020; Orazbayev et al., 2021).

The method of mathematical modeling is the most cost-effective in terms of economic costs
and efficiency. In the work (lIvashkina et al., 2023), engineering models of oil refining are
considered as a method for increasing the efficiency of multi-stage gasoline production. The
application of engineering mathematical models in oil refining makes it possible to optimize the
composition of commercial gasolines by reducing the reliance on costly additives. This is achieved
through a more rational use of reformate and catalytic cracking gasoline in fuel blending, which can
lower production costs by approximately 0.1-1.0%. With such models, it becomes feasible to
predict the composition of gasolines with required properties based on known parameters of the
components, including octane number, yield, and the content of aromatics, benzene, olefins, and
sulfur. The performance of the final fuel depends not only on the quality of each component, but
also on the characteristics of the mixture, which are influenced by hydrocarbon interactions during
catalytic processes (reforming, isomerization, catalytic cracking, hydrocracking) as well as during
compounding. By accounting for changes in feedstock composition, engineering models enable the
calculation of gasoline blends that meet modern environmental requirements while simultaneously
lowering production costs through reduced use of expensive streams and minimizing excess
margins in key quality indicators such as octane number, sulfur content, and aromatic hydrocarbons.

The study (lvanchina et al., 2021) presents an approach to optimizing the SRR catalytic
reforming process. The approach is based on the use of a mathematical model. The model considers
the activity of the catalyst, the instability of its operation, and changes in the hydrocarbon
composition of the feedstock. The model allows monitoring the production process and finding the
optimal operating mode, which is determined by the conditions of equilibrium of the coke
formation reactions and hydrogenation of intermediate pressing products. Using a mathematical
model, it is possible to improve the technical indicators of the production process, such as the yield
and octane number of the product. In addition, mathematical modeling allows assessing the
efficiency of the catalyst and can help decide on replacing it with a new one. According to the
research of (Orazbayev et al., 2022), an efficient methodology was proposed for building a system
of interconnected process unit models based on diverse sources of data, including fuzzy
information. This approach enabled the creation of hybrid models capable of predicting both the
yield of catalyzate and its quality parameters. Furthermore, a scheme was developed to integrate the

75



A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 152(3)

models of the main units of a catalytic reforming plant into a unified modeling framework. The
resulting system provides a comprehensive tool for simulating plant operations, enhancing
production efficiency by increasing the output of target products and improving their quality
characteristics.

Modern research in the field of catalytic reforming and modeling of oil refining processes
demonstrates a steady interest in the development of new catalysts and digital optimization tools.
Thus, significant progress has been made in the field of catalyst technologies for producing high-
octane gasoline (Gupta & Gupta, 2022; Jarullah et al., 2023; Velazquez et al., 2023; Wei et al.,
2008), including approaches to prolonging service life and improving regeneration methods. It was
shown in (Boukezoula et al., 2022; Ma et al., 2024; Mokheimer et al., 2024; Pasandide & Rahmani,
2021; Wu et al., 2025; Yang et al., 2022) that the introduction of improved mathematical models
and hybrid optimization algorithms can reduce energy costs, reduce coking, and improve the
accuracy of forecasting process parameters. At the same time, the direction of integrating machine
learning with process modeling is developing (Garma et al., 2024; Moon et al., 2025; Naderi et al.,
2025; Samad et al., 2023), which opens new prospects for creating intelligent control and
forecasting systems in conditions of uncertainty. These results validate the significance of
employing Aspen HYSYS in combination with the adaptation of models to real industrial data,
while also underscoring the potential of integrating conventional modeling techniques with
advanced digital technologies.

The purpose of this paper is to analyze and critically assess existing mathematical models of
the catalytic reforming process with continuous catalyst regeneration, to identify their inherent
limitations, and to highlight approaches that improve process efficiency, selectivity, and catalyst
performance through advanced simulation and modeling strategies.

2. Materials and methods

The object of the study is the catalytic reforming unit with continuous catalyst regeneration
with a benzene extraction unit of Atyrau Oil Refinery LLP (ANPZ). The licensor of the processes
and the developer of the basic design package is Axens (France). The working design, supply of
equipment and construction of the complex were performed by Sinopec Engineering Co. Ltd
(Group). The year of commissioning of the complex is 2014 (Seitenova G.Zh., Dyussova R.M., et
al., 2023).

The catalytic reforming unit with continuous catalyst regeneration with a benzene extraction
unit consists of the following sections:

- section 100 — catalytic reforming, for obtaining high-octane components of gasoline (or raw
materials for the future aromatics complex) and raw materials of section 300;

- section 200 — continuous regeneration of the catalytic reforming catalyst;

- section 300 — extractive distillation of Morphylane, for obtaining a benzene-toluene
fraction;

- section 400 — separation (rectification) of the benzene-toluene fraction, obtaining benzene
and toluene; - section 500 - auxiliary section (Zainullin et al., 2020).

The feedstock for the catalytic reforming unit consists of a mixture of stabilized heavy
naphtha, obtained from the gasoline hydrotreating and fractionation unit, as well as from the
naphtha hydrotreating unit. The processing capacity of the catalytic reforming unit (section 100) is
1,000 tons per year, determined by the volume of feedstock available at the plant. The nominal
capacity of section 300, dedicated to extractive distillation using the Morphylane process, is 417
tons per year, while section 400, responsible for separating the benzene—toluene fraction to produce
commercial benzene, has a capacity of 133 tons per year. The operational flexibility of the complex
allows for throughput fluctuations in the range of 50-100%, which defines the selection of process
equipment and automated control systems to ensure stable operation within the specified limits.
The total number of operating hours amounts to 7,920 annually.

Reforming reactions take place in reactors with a moving catalyst bed, from which the
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catalyst is removed for regeneration and returned to the reactors again. The circulation and
regeneration of the catalyst is carried out on a continuous basis with fully automated control of all
operations. To facilitate chemical reactions that contribute to an increase in octane number, elevated
temperatures of approximately 500 °C are required, which necessitates preheating of the feedstock.
Moreover, several key reactions are highly endothermic and consume significant amounts of heat.
As a result, the catalyst bed is distributed across multiple reactors, with inter-reactor furnaces
installed to compensate for heat losses and maintain the required reaction conditions (Orazbayev et
al., 2021).

As we know, high efficiency of the reforming process mainly occurs with a combination of
high temperature and low operating pressure. These parameters lead to a short operating life of the
catalyst in traditional fixed-bed reactors. Therefore, the advantage of this reforming unit compared
to traditional units is the continuous regeneration of the catalyst. The main research method is
mathematical modeling of the catalytic reforming unit using the Aspen Hysys model developed by
Aspen Tech (Rekoske et al., 2017; Sapre & Katzer, 2020; Smith et al., 2022).

3. Results

The catalytic reformer model was created using the Distributed Control System (DCS)
diagrams, process and instrumentation diagrams, column and reactor specifications, catalyst
loading, laboratory analysis data, hourly average unit data, and daily material balances.

Modeling steps:

1. Data collection

2. Review and analysis of the obtained data:

- Structuring, grouping, and validation;

- Application of standard methodology for concluding;

- It is essential that it is applied by process experts and, with good engineering judgment (a
thorough understanding of the process and data quality);

- The accepted conclusions can be revised at;

- Optimizer task (automatic calibration tool);

- Verification of results.

3. Entering reactor data

4. Calibrating the reformer reactor (Calibration Environment)

5. Within the Simulation Environment:

- Building the rest of the scheme;

- Performing simulation runs to assess the reliability of reactor predictions;

- Setting up a Case Study (e.g. to generate linear programming data).

The HYSYS model consists of three sections:

1. Plant data analysis (red rectangle in Figure 1).

2. Linear programming (green rectangle in Figure 1).

3. Reactor, furnaces, fractionation columns and hydrogen recycle loop with blowdown.

Refinery System (RefSYS) reactors are operational models, meaning they are not very
sensitive to reactor designs and catalyst compositions. Essentially, the model theory is distorted to
match the actual data (Figure 2). This is done in the Calibration Environment and using the
measured Net Product (Measurement) as the target.
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Design | Feed Data | Reactor Section | Stabilzer Tower Resuits

Results External Feed Internal Feed 15.0 Blend
Summary Mass Flow [tonne/h] 1055 0.0000 105.5
Feed Blend Volume Flow Rate [m3/h] 1413 0.0000 1413
Product Yields Std. Vol Flow [m3/h] 1398 0,0000 1398
Product Properties Molar Flow [Nm3/h(gas)] 2.167e+004 2.167e+004
Reactors Molecular Weight 109.1 1091
e 2 Specific Gravity (60F/60F) 0.7475 7538 0.7475
Product Streams

API Gravity 57.79 20 7.7

Composition, Mol Frac

5NS
220MC4
23DMC4
MBPS

2MC5

3MC5

Delete | Reformer Environment...

Figure 2. Dialog box «Measured net product»

The reforming model uses a fixed set of components suitable for the reforming process. This
set is based on the standard list of components of the gasoline reformer REFSRK.

Aspen reforming components are grouped based on carbon number (Table 1).

Table 1. Components grouped

Ne | Components in program Reforming components

1 MBP Highly branched iso-paraffins

2 SBP Single side chain iso-paraffins

3 5N 5-carbon (cyclopentane) naphthenes
4 6N 6-carbon (cyclohexane) naphthenes
5 N Grouped 5- and 6-carbon naphthenes
6 NP Normal paraffins

7 P Grouped iso- and normal paraffins

8 O Olefins

9 A Aromatics

Depending on the carbon number, the component will either be a pure component (e.g. nP4)
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or a group of pure components with a similar structure (e.g. MBP7). All A8 isomers are presented

as pure components.

Additional pure components for Cs and C7 are added so that individual iso-paraffins can be

accounted for in the fractionation section that processes the product from the reactor block.
The full list of components processed by the reforming unit is given in Table 2.

feuin

reforming reactor
simulation environment g

Figure 3. Isomer ratios
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Py 1-.Py :7an >
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Px—l 'Pl / l
6N, ,..6N
- S -] s Ay1--Ag
Py i1..P;
Figure 4. Reforming reaction routes
Table 2. List of components processed by the reforming unit
Ne Formula Hysys Components Ne Formula Hysys Components
1 H> Hydrogen 39 5Ny Branched 7 carbon
cyclopentanes
2 P1 Methane 40 A7 Toluene
3 P2 Ethane 41 6N Methylcyclohexane
4 OL; Ethylene (C2H.) 42 MBPg Multi-branch 8 carbon
paraffins
5 Ps Propane 43 SBPg Single-branch 8 carbon
paraffins
6 O3 Propylene (CsHs) 44 Og Octenes (CgH1e)
7 1P, Isobutane 45 NPg n-Octane
8 NP4 n-Butane 46 5Ng Branched 8 carbon
cyclopentanes
9 P4 Total butanes 47 | ETHYLBEN Ethyl-benzene
10 O4 Butylenes (C4Hsg) 48 | O-XYLENE 1,2-dimethylbenzene
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11 IPs Isopentane 49 | M-XYLENE 1,3-dimethylbenzene
12 NPs n-Pentane 50 | P-XYLENE 1,4-dimethylbenzene
13 Ps Total pentanes 51 As 8 Carbon aromatics
14 Os Pentylenes (CsHs) 52 6Ns 8 Carbon cyclohexanes
15 5N;s Cyclopentane 53 IPg 9 Carbon isopar affins
16 22DMC, 22-Dimethylbutane 54 NPy 9 Carbon normal paraffins
17 23DMC, 23-Dimethylbutane 55 5Ny 9 Carbon cyclopentanes
18 MBPs Multi-branch butanes 56 Ag 9 Carbon aromatics
19 2MCs 2-Methylpentane 57 6Nog 9 Carbon cyclohexanes
20 3MCs 3-Methylpentane 58 IP1o 10 Carbon isoparaffins
21 SBPg Single-branch pentanes | 59 NP1 10 Carbon normal paraffins
22 NPs n-Hexane 60 5N1o 10 Carbon cyclopentanes
23 Os Hexenes (C¢H12) 61 Ao 10 Carbon aromatics
24 5Ns Methylcyclopentane 62 6N10 10 Carbon cyclohexanes
25 As Benzene 63 IP1; 11 Carbon isoparaffins
26 6N Cyclohexane 64 NP1 11 Carbon normal paraffins
27 22DMCs 22-Dimethylpentane 65 5Ny 11 Carbon cyclopentanes
28 23DMCs 23-Dimethylpentane 66 A 11 Carbon aromatics
29 24DMCs 24-Dimethylpentane 67 6N11 11 Carbon cyclohexanes
30 MBP; Multi-branch 7 carbon | 68 P12 12 Carbon paraffins

paraffins
31 2MCs 2-Methylhexane 69 N12 12 Carbon naphthenes
32 3MCs 3-Methylhexane 70 A 12 Carbon aromatics
33 3ECs 3-Ethylpentane 71 P13 13 Carbon paraffins
34 SBP; Single-branch 7 carbon | 72 Ni3 13 Carbon naphthenes
paraffins
35 NP~ n-Heptane 73 Az 13 Carbon aromatics
36 Oy Heptene (C7H14) 74 P1a 14 Carbon paraffins
37 DMCP Dimethycyclopentane 75 N14 14 Carbon naphthenes
38 ECP Ethylcyclopentane 76 Ay 14 Carbon aromatics

The detailed kinetic scheme includes 50 kinetic groups that are linked by a network of 112
reactions. The reaction routes used for Ce-Cg are shown in the following diagram. As the carbon
number increases above 8, the complexity of the pathways decreases.

Coke formation in a reformer is modeled by reacting paraffins, Cs cyclic naphthenes, and
aromatics in a first-order reaction mechanism. All Cs cyclic naphthenes have a common activation
energy, as do the aromatics and paraffins. The frequency coefficients vary with carbon amount and

type.
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A 4

Stabilized Naphtha (CrabunbHbiit pudopmar) to Benfree
15t/h
U-300

Raffinate (PaduHat) 17 t/h
Benzene (Benson) 3.7 t/h

A 4

30.2

H2 + c1-cal ¥h] %
nehing 8. .11

Extractive

Distliation | Toluene (Tonyon) 44.5 t/h

NHT ¢
New + Old :

Naphtha/,«' -+ C8+ (to PX) 38.4 t/h

Reformer feed 105.5 t/h

(*) Losses/imbalance included

Figure 5. Model boundaries

Figure 5 shows the simulation boundaries of the three units implemented in the HYSYS
reforming model: U-100 (blue), U-300 (green) and U-400 (orange). A portion of the stabilized
reformate is sent to Benfree (15 t/h), and two external feed streams (62.4 t/h with Trans Plus and 11
t/n with XyMax) contribute to the final products. The reforming unit (U-100) includes the following
units:

1. Reactor (R-101/2/3/4)

2. Stabilization (C-101)

3. Reformate separation (C-102)

The purpose of U-100 is to obtain a reformate fraction rich in aromatic compounds with a
high octane number, along with high-purity hydrogen, LPG and a light reformate fraction rich in
toluene (A7).

The reformer catalyst regeneration loop (U-200) and the water-chloride balance are not
included in the model. The HYSYS reactor model assumes that operators will control the catalyst
chlorination according to the catalyst supplier's specifications. The activity of the chlorinated
catalyst is determined during calibration based on measured values of light ends, reactor
temperature drop, and coke yield. The reformer (U-100) is typically modeled as a single unit in
planning models (i.e., as a single Ip submodel). An example of a simplified scheme is shown below
in figure 6.

H2 +C1-C4
CCR + Stabilizer (U-100) [*]

New + Old
Uastidldd StablhzeduNaphtha Net Gas (BCT) Offgas (YB raa) 8 D-107
- (CrabunbHbiit pudopmar) R-101/2/3/4

Naphtha

LPG (CYT)

s

Chipbe o7
NHT

Pucbapmar ANS CMELMBaHUA GeH3NHa UNU U3BTIEYeHUs apoMaTU4eckux yresoAopoaoB
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Figure 6. CCR Simplified Schematic

When the reformer operates in gasoline mode, the stabilized reformate from the C-101
stabilizer still is sent to the gasoline blending park or tank. An alternative mode of operation was
chosen for calibration of the HYSYS model: the aromatic mode. Light gasoline (LN) from the
reformate splitter overhead and BT (benzene-toluene) from the XyMax are processed in the
Morphylane section (U-300). This is an extractive distillation, which is modeled by the HYSYS
component splitter. The aromatic extract from the extractive distillation section is clay scrubbed in
R-301/R-302. Hot clay scrubbing (R-302) converts traces of olefins (and/or diolefins) into higher
boiling components via olefin alkylation (Figure 7). Some of the valuable aromatic product
produced by catalytic reforming is lost to remove olefinic impurities.

M + b
Activated clay

or catalyst
Olefin Aromatic Heavy aromatic
(valuable product)

—
+ .
Activated clay
or catalyst

Alkenyl aromatic Alkyl aromatic Heavy aromatic
(valuable product)

Figure 7. Alkylation of olefins (R-302)

Finally, the processed U-300 extract is combined with A7+ from the TransPlus stabilizer
bottoms (U-700), and valuable aromatics are recovered in the benzene and toluene column sections
(U-400).

The quality of the CCR reactor feed is determined by a mixture of hydrotreated (HT) streams:

1. Straight-run gasoline.

2. Gasoline from the DT GO unit (Prime D).

3. Cracking gasoline from the FCC unit (Prime G).

4. Coker gasoline (which is processed in the “old” gasoline hydrotreater).

5. Raffinate (which is processed in the “new” gasoline hydrotreater).

The HYSYS standard reformer block was used to model the 4-bed CCR catalytic reformer.
This block includes the reactor, product separator and hydrogen recirculation loop integrated with
the model block. The feed-to-product heat exchanger (CFE E-101) is modeled internally as a simple
heat exchanger with a hot side approach.

The reformer has 2 products: H> Product and Net Liquid. These streams are calculated using
the internal instantaneous vapor-liquid equilibrium model and considering the pressure and
temperature specified for the product separator (Reactor Control parameter in the Reactor Section
tab). In the reformer, the H. recycle is assumed to come from the top of this separator. The H>
product is the "net" gas phase produced (i.e. excluding Hz recycle).
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Figure 8. Reforming products

The reactor product gas portion leaving the product separator (D-101) is recycled to the
reactor inlet, with the flow rate typically adjusted to obtain the desired HoHC ratio. This ratio is
important for catalyst stability and the effect of removing reaction products and condensables from
the catalyst and supplying the catalyst with available hydrogen. Increasing the H2HC ratio will
move the naphtha through the reactors at a higher rate and provide greater heat removal for the
endothermic heat of reaction.

Key reactor operating parameters can be entered in the CR Operating Targets spreadsheet:

1) Inlet weighted average temperature (°C).

2) Product separator (D-101) pressure (MPa g) and temperature (°C).

3) H,HC (Recycle compressor flow rate (Nm®h) can be entered as an alternative).

For the CFE (E-101) and preheater (H-101) simulations, the effluent from reactor Ne4 was
reconstructed by adding 61 kNm®/h (approximately 18 t/h) to the product Ha (Figure 8). The H2HC
ratio was determined to be 2.6 mol/mol in the reactor block, resulting in a calculated H2 recycle
purity of 89 mol.% in D-101 once the recycle loop converges. The reformers are continuous catalyst
regeneration (CCR) units; Axens process with 4 radial flow reactors. Only catalyst is injected into
the reactors; this is used to calculate the weighted average inlet temperature.

The vessel volume is necessary when modeling reactors in a steady state, since it determines
the residence time. The effective reactor volume (catalyst volume) is calculated based on the mass
of the catalyst and the density of the catalyst particles.

4. Discussion

The results of catalytic reforming modeling showed high accuracy in reproducing material
and energy balances, predicting the yield of the reformate and its octane number. This is consistent
with studies (Ivanchina et al., 2021; Ivashkina et al., 2023), which demonstrated that engineering
models allow for the degradation of the catalyst, fluctuations in the composition of raw materials,
and thereby increase the efficiency and cost-effectiveness of production. A comparison with
(Orazbayev et al., 2021, 2022) confirms that the integration of industrial statistics with
thermodynamic modeling is a universal method for optimizing the operation of CCR installations
and can also serve as a tool for training engineering personnel and digitalizing processes at
refineries.

However, there are still areas for further work — more detailed modeling of catalyst
deactivation and coke formation (Zainullin et al., 2020), as well as the use of hybrid methods
combining mechanistic modeling and machine learning. This will expand the applicability of the
developed model to various refineries and increase its predictive value in the context of changing
raw material composition and stricter requirements for sustainable development.
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5. Conclusion

The model developed for the purpose of optimal control of a catalytic reformer is a good
calibration of the available data and is therefore adequate for updating the linear programming
submodel.

As a rule, when performing new calibrations, it is important to check the hydrogen balance
"original™ and "corrected" (i.e. after adjusting the material balance). A reasonable range for this is
from 98% to 102%. If the material balance is confirmed to be good, but this value is bad, the GC
data should be reviewed, the feed and product analyses may be inconsistent. An error does not
always mean that the hydrogen yield itself is incorrect.

The default material balance reconciliation performed by the reformer model consists of
distributing the material balance error across all products by normalizing their consumption
upward or downward by the same factor. This approach is not recommended when the hydrogen
or carbon imbalance is high.

The amount of final product obtained has a direct impact on its final quality. Therefore,
reconciliation should be performed with reasonable calculation when balance errors are too large.

It is recommended to recalibrate once a year when major changes occur in the plant or when
forecasts seem to diverge from actual operation.

The review of existing models for catalytic reforming with continuous catalyst regeneration
has demonstrated the growing importance of advanced simulation tools for understanding and
optimizing this complex process. While many models effectively describe reaction kinetics and
product distribution, challenges remain in the accurate representation of catalyst deactivation, heat
integration, and multi-reactor system dynamics. Integrating empirical data, kinetic modeling, and
digital tools such as Aspen Plus and machine learning approaches opens new perspectives for
improving predictive accuracy and operational efficiency. Future research should focus on
refining model parameters through real-time plant data and exploring hybrid modeling techniques
that combine mechanistic and data-driven methods.
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Karanutukaabik pedopmasiay npoueciH :x00aj1ay :xoHe 6HEPKICINTIK TeKcepy

Pusaryan iocosa, I'aitnu CeiiteHoBa, MeJnip bopamosa, Exarepuna KakmanoBa, SIko0c¢
Cepreesc

Annarna: KaranusaropabiH y3aikcis perenepaiusicbl (CCR) kaTamuTUKaNbIK puOPMUHTI KOFaPhI
OKTaHIbl OCH3WHJAEPII ©HIipyneri Herisri mpouecrepaid Oipi Oonbeim  Tabbutambl.  Kasipri
HKOJIOTHSUIBIK CTaHJAPTTApAbI CAKTal OTHIPHIN, OHBIH YHEPTeTUKAIBIK XKOHE PECYPCTHIK THIMIUIITTH
apTTBHIPy KaKETTUIN ©3€KTI JKoHE IIYFbII Mocene Oonbil Kayma Oepemi. Karammzatopnbiy
JeTpalaliisChiH, 0acTanmKbl MIMKI3aT KYPaMBIHBIH aybITKYBIH JKOHE MAaHBI3bI JKBUIY OCEpIEpiH
€CKepe OTBIPBIN, OHIPICTIK >KYMBIC JKaFJailblHOa OChl TMPOIECTIH HAKThl MaTEMAaTHKAJBIK
MOJICTIBICPIH JKacay ©Te KWUBIH MiHJIET OObIl TaObuIazpl. MaKalaHbIH MakcaTbl AThIpay MYHai
OHJICY 3aybITHIHBIH MbICANbIHA KopceTiired Aspen hysys kemerimed CCR pudopMHHT MpOIeCiHiH
MaTEeMATHKAIBIK MOJCIIH J3ipJiey JKOHE KamuoOprey Oobll TaObUIaAbl. 3epTTEY odJicTeMeci
naiianany JIepeKTepiH JKuHayabpl (MIMKIi3aT Kypambl, PEaKTOp IMapaMeTpiiepi, KaTalau3aTop
KacHeTTepi), eMKeH-TerKeWIl  TEXHOJNOTHSUIBIK ~ CXEMaHbl  KYPYAbl, TEPMOJMHAMHKAIIBIK
MOJIETIBACYAl KOHE MAaTepHUaAbIK JKOHE OJHEPreTUKANbIK OajaHCcTapAbl €cenTeyli KaMTHbI.
O3IpJIEHTeH MOJETb HAKThl OHMIIPICTIK JepeKTepli KOJJaHa OTBIPHINT KaTHOpICHII JKOHE
PENpPOAYKTUBTUIIK TeH Ooikay Jonjirine Tekcepinai. HoTwkenep YChIHBUIFAH MOJETH
pUGOPMUHITIH IIBIFYBIH JKOHE OKTaH CaHBIH CCHIMJI Typae OOJDKAaNTBIHBIH, COHAAW-aK OpTYpIIi
OHJIIPICTIK JKaFfailnapia MPOLECTIH OHTAWIbl MapaMeTpiepiH aHBIKTAUTBIHBIH — pacTaiibl.
Makanaga CCR pudopMUHTIHIH TEXHOJOTHUSIIBIK apTHIKIIBIIBIKTAPEI, COHBIH IMIiHAE MPOLECTIH
KOFapbl TYPAKTBUIBIFBI, KaTAIU3aTOPIABIH Y3aK KbI3MET €Ty Mep3iMi jKOHE PHEeprus THIMILTITIHIH
KOFapbUIaybl KOPCETUITCH. 3epTTeyMiH MPaKTUKAIBIK MAaHBI3IBUIBIFEI  KodaanbicTarbl CCR
KOHJIBIPFBUIAPBIHBIH  JKYMBICBIH OHTAMIaHIBIPY JKOHE HHXKEHEPIIK TEePCOHANABl OKBITY VIIiH
O3IpJIGHIreH MOJIeNbl KOJJaHy MYMKIHIIrT Oonbln TaObulajbl. YCHIHBUIFAH TOCUIAl YKcac
TEXHOJIOTHSUIBIK KOH(pUryparusicsl 6ap 6acka MyHail eHJiey 3aybITTapbiHa J1a Oelfimaeyre 0onaabl.
Tyiiin ce3mep: KaTaIUTUKAIBIK pedopmanay, KaTalIM3aTOPJbIH Y3/IKCI3 pereHeparusicel, Aspen
HYSYS, maremMaTukanbik MOJENb/IEY, TPOLECTEP/Ii OHTAUIAHBIPY, dKOFAPhl OKTaH bl OCH3HH.

Pa3paborka ¥ npoMbIILJIEHHasi MNPOBepKa IMpolecca KaTAJIUTHYECKOro
pudgopmMuHra

Pusaryas [rocoBa, I'aitnu CeiitenoBa, Moaaup bopamosa, Exarepuna Kakmanosa, Sko0c
Cepreesc

AnHoTtanus: Karanutnyeckuii pudopMHUHT ¢ HempepblBHOM pereHepanueil karanuzaropa (CCR)
ABISETCS OJHUM M3 KIIOYEBBIX IPOIIECCOB B IPOU3BOJACTBE BBHICOKOOKTAHOBBIX OCH3MHOB.
Heo0OxonuMocTh TOBBIIIEHUS €r0 3HEPreTUYecKoil U pecypcorHEeKTUBHOCTU MPH COOIIOACHUU
COBPEMEHHBIX JKOJOTMYECKMX CTaHJApTOB OCTAETCS AaKTYAIbHOM M HEOTJIOXKHOH NpoOiIeMOi.
OcoOEHHO CJIOKHOW 3amadeil sBseTcss pa3paboTka TOYHBIX MATEMAaTHYECKHUX MOJENEH 3TOro
mporiecca B MPOMBINUIEHHBIX YCIOBUAX AKCIUTyaTallMM, YUUTBIBAIOIIMX JETPAJalluio KaTaau3aTopa,
KoJeOaHusi COCTaBa HCXOJHOTO ChIpbsi U 3HAYUTENbHblE TeryioBble 3PdekTrl. Llenapio crarbu
SBIIIETCS pa3paboTka M KanumOpoBKa MaTemarmueckoil mojenu mpomecca pudopmunra CCR c
ucnosbzoBanneM Aspen HYSYS, mnpoaemoHcTpupoBaHHO Ha mnpumepe ATBIPayCKOro
HedTenepepabaThiBatoiero  3aBoja.  Merojonorus — HCCIeNOBaHMS — BKJIIOYaeT  cOop
SKCIUTyaTal[MOHHBIX JIaHHBIX (COCTaB ChIPbs, MapaMeTpbl peakTopa, CBOMCTBa KaTanu3aTopa),
MIOCTPOEHHE MOAPOOHON TEXHOIOTHUECKOM CXEMBI, TEPMOJMHAMUYECKOE MOJCIIMPOBAHIE U PacUeT
MaTepuaIbHOTO M 3HepreTudeckoro OamaHcoB. PaspaGortanHass Mojaenb Oblla OTKaIMOpOBaHA C
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UCIIOJIF30BAHUEM PEAbHBIX MTPOMBIIUICHHBIX JAHHBIX M IPOTECTUPOBaHA Ha BOCIIPOM3BOAUMOCTD U
TOYHOCTh MPOTHO3MPOBAHUS. Pe3ynbTaThl MOATBEPKAAIOT, YTO MPEAJIOKEHHAS MOJIENIb HAJEKHO
NPEICKa3bIBACT BBHIXOA PU(OPMHHIa W OKTAaHOBOE YHCIIO, a TAaK)KE OIpENeNsieT ONTUMAalbHbIC
napaMeTpsl Mpolecca MpU Pa3IUYHbIX MPOU3BOJICTBEHHBIX YCIOBHIX. B cTaThe MoauepKUBaIOTCS
TeXHoJOorn4yeckue npeumymiectsa pupopmuara CCR, Bxitodas BRICOKYIO cTaOMIIBHOCTH TpoIiecca,
YBEIUYEHHBIN CPOK CITYKOBI KaTaau3aTopa U MOBBIIICHHYIO 3HeprodddexktuBHOCTD. [IpakTHyeckas
3HAYUMOCTb UCCIIEIOBAHHS 3aKIIF0YACTCSl B BO3MOXXHOCTH IMPHUMEHEHUS pa3paOd0TaHHON MOJIENH JUIS
onTUMH3AIMU paboThl cymecTByronmx yctaHoBOK CCR u i 00yueHust HHXKEHEPHOTO TIepCoHaa.
[TpennoxeHHBIN MOAX0/ TAK)KE MOXKET OBITh aAanTHPOBAH VIS APYrHX HedTenepepadaThBalOMINX
3aBOJIOB C aHAJIOTUYHOM TEXHOJIOTUYECKOI KOH(UTYpaIHei.

KiroueBble cioBa: KaTaJIuTHUCCKU pH(OPMHUHT, HEMpephIBHAS pereHepalis KaTalin3atopa,
Aspen HYSYS, marematnyeckoe MOJCIUPOBAHUE, ONTHMHU3AIMSA IIPOIECCa, BBICOKOOKTAHOBBIN
OCH3UH.
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