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Abstract

This study presents the development of a mathematical model for the simulation and analysis of the catalytic reforming
process using a Python-based software tool. The model captures the kinetics of hydrocarbon feedstock processing within a
fixed catalyst bed, ensuring a balance between accuracy and computational efficiency. A key feature of the software is a
digital flow diagram that visualizes material and energy flows at each stage of the process while displaying critical parameters
such as temperature, pressure, and flow rate. To validate the model's accuracy, the calculated data were compared with
experimental values obtained from commercial fixed-bed reforming units. The results showed an absolute calculation error
of no more than 3%, confirming the model’s reliability in accurately describing reforming processes. Furthermore, the study
investigates the effects of temperature and pressure variations on the final product yield to enhance process efficiency and
optimize operating conditions.
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1. Introduction

Catalytic reforming is an important process in the petrochemical industry to improve petrol quality and produce high-
quality chemical products. It plays a key role in increasing the octane rating of fuels and the production of aromatic
hydrocarbons and hydrogen, making it an indispensable process in petroleum refining. Mathematical modeling of the
catalytic reforming process began to develop in the 1950s when the first attempts to describe the reactions in the catalyst
using empirical data appeared. In the 1970s and 1980s, the models became more complex, considering isomerization,
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dehydrogenation, and other reaction mechanisms, as well as hydrocarbon interactions. Since then, differential equations and
numerical methods have begun to be used to improve accuracy [1-4]. In the 1990s, dynamic models describing real-time
changes in concentrations and temperature became available. The inclusion of parameters such as temperature, pressure, and
catalyst degradation improved the prediction of reactor performance. Grouping methods have also become popular for
simplifying modeling [5-7]. Since the 2000s, molecular models and new techniques such as machine learning have been used
to optimize catalyst performance and predict product composition. The models have taken into account a wider range of
parameters, which has improved the accuracy of predictions and the economic efficiency of the process [8-10].

Recently, there has been renewed interest in the reforming process, firstly because reformate is the main source of
aromatic hydrocarbons in petrol, and secondly because of new legislation concerning benzene and aromatic hydrocarbon
content in commercial petrol [11, 12].

Below are the basic chemical reactions of the reforming process [13]:

Equation 1 shows the isomerization of normal alkanes into azoalkanes. It is a fast-running exothermic reaction with
negligible heat release and a small increase in octane number. The reaction itself does not depend on the number of carbon
atoms in the molecule, and its thermodynamic equilibrium depends mainly on the temperature of the process. High
temperatures favor the acceleration of the reaction. Isomerization reactions take place on acidic catalyst centers.

N-CsHi4 — CoHua (1)

Equation 2 shows the dehydrocyclization (aromatization) of alkanes, which proceeds in several stages, the main one
being dehydrogenation with the release of 1 mole of H2 and subsequent rearrangement of the molecule, formation of a
cycloalkane, and subsequent dehydrogenation of this cycloalkane. The reaction proceeds on the metallic and acidic centers
of the catalyst. Alkanes with higher molecular weights undergo this reaction most rapidly, but they are also the most
susceptible to the side reaction of hydrocracking. The reaction is accelerated by high temperature and low pressure; however,
in general, this rate is much lower than the rate of the cycloalkane dehydrogenation reaction.

CeHis — CsHe + 4H: (2)

The dehydrogenation of naphthenes to arenes, shown in Equation 3, proceeds on metal catalyst centers. These are
endothermic reactions favored by high temperature and low pressure. The rate of these reactions is high compared to other
reactions. Since the dehydrogenation of naphthenes provides high-octane components, the intensification of this reaction is
the most desirable process.

CeH12 —CeHe+ 3H2 3)

Equation 4 shows the isomerization of five-membered cycloalkanes into cyclohexane derivatives. An exothermic
reaction proceeds at a relatively low rate, increasing with increasing number of carbon atoms in the molecule.

CsHg-CH3—CgHa 4)

Equation 5 shows the hydrocracking of alkanes: the reaction, which has two stages and proceeds on both metal and acid
catalyst centres. In the first stage, the dehydrogenation reaction takes place on the metal centres, followed by the rupture of
the resulting alkene molecule on the acid centre and hydrogenation of the resulting short-chain alkene. The reaction rate
increases with increasing temperature and pressure. It is an undesirable reaction, because due to hydrocracking the content
of alkanes in reformate decreases, which leads to an increase in the concentration of aromatic hydrocarbons and a decrease
in reformate yield.

N-CoHzo + Hy — 1-C4H10+ i-CsH12 (5)

Equation 6 shows the conversion of naphthenes to alkanes: an exothermic side reaction, shown in Equation 6,
accelerating with increasing temperature and pressure.

CeH12t+ Ha —CeHus (6)

Various kinetic models have been described in the literature to represent the catalytic reforming process. All these models
consider some or all of the reactions mentioned above, catalytic reforming, and simplify the complex mixture of naphthenes
so that each of the three classes of hydrocarbons - paraffins, naphthenes, and aromatic hydrocarbons - is represented by a
single compound with the average properties of that class.

Arani et al. [14] presented a new kinetic model that accounts for the most important reforming reactions for paraffins,
naphthenes, and aromatic hydrocarbons, and extends the hydrocarbon region to 11 carbon atoms. The effect of temperature
and pressure on the kinetic constants is modeled through an Arrhenius-type variation. The proposed model includes 24
differential equations and 71 kinetic parameters, which were estimated using experimental data from a fixed-bed catalyst
plant. The results of the reformate composition calculations agree well with the experimental data, with a deviation of less
than 3%. Wei et al. [15] devoted themselves to the dynamic modeling of the catalytic reforming of naphtha to study the
behavior of hydrocarbon components such as paraffin, naphthene, and aromatic hydrocarbons in the reactor under different
operating conditions. The study focuses on modeling changes in hydrocarbon concentrations during the reforming process,
as well as analyzing temperature and hydrogen profiles along the reactor. Using mathematical modeling, the authors
demonstrate how different behaviors arise in the reactor at various stages of the process, and how reactor temperature and
hydrogen concentration evolve. Additionally, the effect of variations in naphtha feed temperature on process dynamics and
output product concentration is investigated, resulting in conclusions on optimizing reactor operation to achieve optimal
results in high-octane reformation production.

Researchers Mokheimer et al. [16] showed the construction of a molecular model of the catalytic reforming process of
naphtha and its optimization taking into account molecular information. Reactions in the reactor are modeled using a reaction
network including six classes of reactions. The process is then simulated using dynamic equations and kinetic constants to
predict the molecular composition of the products. Additionally, other researchers [14] devoted themselves to modeling the
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catalytic reforming process of naphtha, which is important for the production of high-octane gasoline. Due to the large number
of components in the feedstock, unaccounted reactions, and high process temperature, the design and modeling of catalytic
reforming reactors are accompanied by difficulties. To simplify modeling, the grouping method (lumping) is widely used,
which allows the combining of feedstock components, which significantly reduces the complexity of calculations.
Researchers Elizalde and Ancheyta [17] and Jarullah et al. [18] derived several kinetic models of reforming - which are used
in this study - and proposed a model in which naphtha is represented by 17 hydrocarbon fractions with 15 reaction pathways
and a simple catalyst deactivation model proposed in Mokheimer et al. [16]. The model contains 17 "pseudo-components”
connected by 15 reaction pathways. The kinetic and thermodynamic parameters of the model were obtained by optimization
using plant data. Additionally, the authors propose equations for calculating thermodynamic constants of equilibrium between
lumped hydrocarbons as a function of temperature.

Based on the above, there are several different kinetic models to describe the catalytic reforming process, each with its
advantages and limitations Some models, such as the model [19], have disadvantages such as not accounting for isomerization
or the effect of temperature and pressure on the kinetic constants. In response to these limitations, new models [16] take into
account more factors including temperature, pressure, and hydrocarbon domain expansion, resulting in a better fit to the
experimental data.

In addition, dynamic modeling proposed in other works helps to study the behavior of hydrocarbons in the reactor as
well as the influence of operating conditions, such as temperature and hydrogen concentration, on the reforming process.
Some studies focus on optimizing reactor operation to produce high-quality reformate, as well as improving the accuracy of
predicting product composition through molecular and grouping models [20, 21]. The method of lumping (grouping)
components greatly simplifies modeling, making it more manageable.

In general, current approaches to catalytic reforming modeling aim to enhance accuracy and optimize the process by
considering multiple factors, thereby improving the efficiency of high-quality fuel production.

It is important to note that, although a simple multi-lump model may not perfectly align with existing scenarios, the use
of compact models is not always justified. This is because a significant volume of experimental data must be collected to
determine the parameters, which is both time-consuming and costly. Therefore, the most appropriate model is one that,
despite its simplicity, can accurately predict the outcomes.

2. Materials and Methods

The main tool for numerical studies in this work is a mathematical model of the catalytic reforming of petrol. This model
is based on a formalized scheme of hydrocarbon transformations, in which all components of naphtha and reformate are
divided into groups: naphthenic (cyclohexanes and cyclopentanes), normal and isomeric paraffins, and aromatic
hydrocarbons:

A sequential and multi-component approach was implemented during the study. In the first stages, data on dynamic
reactions and conditions affecting the reforming process were collected. This is an analysis of the composition and
characterization of the initial result, as well as a study of the reactions occurring during the reforming process.

The component and group composition of the studied feedstock was determined. Based on the collected information, a
mathematical model reflecting the key processes of reforming was developed. Specialized software was utilized to integrate
key process parameters (temperature, pressure, flow composition) to create a model capable of predicting plant performance
under varying conditions. This model served as the foundation for further process simulations, enabling analysis of the
system’s behavior under different scenarios.

2.1. Process and Commercial Plant Description

The modeling was conducted for a semi-regenerative reforming unit processing straight-run gasoline (fraction 85—
140°C). The rate constants and activation energies for individual reactions were previously determined by researchers based
on laboratory and semi-industrial installations and were refined in this study using chromatographic data to achieve a more
accurate representation of the feedstock and reaction product composition. Figure 1 illustrates the technological scheme of
the semi-regenerative reforming unit, highlighting the key process stages and flow configuration. This includes the catalytic
reforming of hydrocarbons facilitated by the Pt-Sn catalyst.

The feedstock, a stable hydrogenated product obtained from the unit where gasoline fraction hydrofining takes place, is
first directed to the raw material pumps, which transport it to a mixing tee for blending with the circulating hydrogen-bearing
gas (HGB). The resulting mixture is preheated in heat exchanger 1 by the gas-product flow from reactor 3, then further heated
in the first section of heater 2 before entering reactor 1. Subsequently, it undergoes additional heating in the second section
of heater 3, passes through reactor 2, and finally flows through the third section of heater 1 before reaching reactor 3.

The gas-product mixture from reactor 3 transfers part of its heat to the gas-feed flow in heat exchanger 2, then undergoes
cooling in air cooler 1 and water cooler 2 before entering gas separator 1. In the separator, hydrogen-containing gas is
separated from the liquid product, known as the unstable catalyst. The separated hydrogen-containing gas is sent for excess
moisture removal and subsequently directed to the intake of the circulation compressor, which recycles it for mixing with the
feedstock. Excess HBG is either directed to the gasoline fraction hydrofining unit or to the plant's hydrogen network.

3405



International Journal of Innovative Research and Scientific Studies, 8(2) 2025, pages: 3403-3413

\/I

™
Al

i

Heater 12,3

Reactor 1 Reactor 2 Reactor 3

Heat Heat
exchanger 1 exchanger 2

<
<

HGB wochanar 3 )
) )

FEED Cooler 3 Cooler 4

Pump 1 Pump 2 Cooler 1 Cooler 2

Y

. Reformate
stabilizer

Figure 1.
Basic process flow diagram of a reforming unit with a fixed catalyst bed.

The unstable product from separator 1 is preheated in heat exchanger 3 by the stable catalyst flow and then enters the
middle section of stabilizer column 1 for stabilization, where dissolved gaseous hydrocarbons are separated. Light
hydrocarbons, including butanes, are removed from the top of the stabilizer. The stable reforming catalyst is withdrawn from
the bottom of stabilizer column 1, passes through heat exchanger 3, is cooled in air cooler 3 and water cooler 4, and is
subsequently sent to the storage park as a finished product.

2.2 Modeling and Validation of the Reforming Process

The initial stage of this study involved identifying key kinetic equations and parameters influencing the reforming
process, followed by the development of a mathematical model using specialised software. This phase encompassed data
collection and analysis of the chemical reactions occurring during reforming. The resulting mathematical model facilitates
the prediction of plant behaviour under various conditions, serving as a foundation for process optimisation.

Subsequently, the group and component composition of the oil was determined. Qil samples were selected based on
production data to ensure an accurate representation of the refinery’s feedstock. The fractional composition of the oil was
analysed using a ChromateK-5000 gas chromatograph (Russia), per established methodologies [22, 23].

The chromatographic data was then examined to determine the group composition of the feedstock, which is critical for
predicting refining performance. This analysis provides insights into the hydrocarbon content and its potential utilisation in
various refining processes.

Oil components were categorised into 69 groups based on the number of carbon atoms in their molecules, with their
contributions to octane number enhancement carefully considered during the analysis.

Process conditions replicating those of the actual operating plant were then integrated into the custom-developed
software "Reforming". These conditions included parameters such as temperature, pressure, and feedstock composition - key
factors influencing reforming efficiency. Figure 2 presents an example of input data, including catalyst temperature and
feedstock composition. These inputs enabled the verification of the model’s accuracy and facilitated performance predictions
under varying conditions and different feedstocks.
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2.3. Kinetic and Reactor Equations

The formalization of the hydrocarbon transformation mechanism in the reforming process, combined with the
aggregation of material flow compositions by homologous series and component reactivity, significantly simplifies the
model. This approach reduces the number of considered components to 69 while preserving the fundamental physicochemical
properties of the process.

Aggregation is carried out on two levels: based on the contribution to octane number improvement and the number of
carbon atoms in the molecule. This dual-level aggregation provides a distinct advantage over many existing methods by
enhancing model accuracy and computational efficiency.

Figure 3 illustrates the transformation scheme, developed based on the experimental findings.
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Figure 3.

Scheme of hydrocarbon transformations in the catalytic reforming process with chemical
reaction rate constants (k).
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The rate constants of chemical reactions (ky), corresponding to the chosen formalised mechanism of the process, are
determined from the available experimental information, measured with some error, as well as according to references in the
literature [24, 25].

The catalyst is in a fixed bed through which the oil-gas mixture flows. The reaction kinetics in this case will be more
stable and predictable since the reaction conditions in the catalyst bed will be more homogeneous [26].

The reaction rate will depend on the thickness of the catalyst layer, the intensity of heat exchange and the diffusion of
reactants through the layer.

It is important to consider that due to the lack of catalyst movement in the reactor, localised overheating or accumulation
of reaction products in the vicinity of the catalyst may occur, which can lead to reduced efficiency.

The catalyst efficiency may be lower than in the moving bed case due to possible diffusion problems and thermal
phenomena [27].

The reaction order of each hydrocarbon reactant is one.

According to the hypotheses [28-31] and the reaction network, the reaction rates are expressed by equations (7-16)
Dehydrocyclization of n-paraffins (i = 1 — 7)

1@ =k (PR = PU) 5 — 6 12 @)

eq,i

Dehydroaromatisation of naphthenes (i =8 — 15)

r (D) = k; (P(NS) - %)g —6-12 ®)
Isomerisation of paraffins (i = 16 — 24)
r(0) = ki (P@R) — 52 s = 4 - 12 ©
Transalkylation of aromatics (i = 25 — 32)
r(D) = k; <P(AS)2 - —P(AS‘;Z’; (iAS“)),s =7-11 (10)
Hydrocracking of n-paraffins (i = 33 — 40)
r(i) = k;P(nP,)P(H,),s =5—12 (11)
Hydrocracking of iso-paraffins (i = 41 — 48)
r(i) = k;P(iP,)P(H,),s = 5 — 12 (12)
Hydrodealkylation of aromatics (i = 49 — 67)
r(i) = k;P(A;)P(H,),s =7 — 12 (13)
Addition reaction of n -paraffins to nP,; (i = 68)
r(i) = k;P(nPg)P(nP;) 14)
Addition reaction of n -paraffins to nP;, (i = 69 — 70)
r(i) = k;P(nP)P(nPy,_;),s =7—8 (15)
Addition reaction of aromatics to A;,(i = 71 — 73)
r(i) = k;P(A;)P(nPyy_5),s =7 —8 (16)

To model the kinetics of reforming while accounting for the reversibility of reactions, the equilibrium constants for the
reactions of aggregated components were initially calculated using the Van’t Hoff equation (17) [30]:
In K,; = AS;/R — AH;/RT (17)
By applying standard algorithms for modeling ideal plug flow reactors, along with material and heat balance equations,
the reforming reactor model can be formulated as follows (18,19) [24]:
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Aside from temperature and pressure, the primary technological parameters of the reforming process include the liquid
feedstock's volumetric feed rate and the hydrogen-bearing gas (HGB) circulation ratio. Accordingly, it is appropriate to
formulate the mathematical model of the reactor using these parameters.
VL

V,=2N, == (20)

V; vy

The equation for the temperature will, in this case, have the form:
daT _TB
It has been established that the activation energies of reactions during the reforming process remain constant across
different feedstocks; therefore, their values are assumed to be invariant. The Arrhenius equation describes the temperature
dependence of the reaction rate constant, and the calculations are performed using the following formula [31]:

Ea 1 1
Kty =Kk - €xp [—;' (T_z - T_l)] (22)
3. Results

This section may be divided by subheadings. It should provide a concise and precise description of the experimental
results, their interpretation, as well as the experimental conclusions that can be drawn. Table 1 presents the results of the
component analysis for 10 different oil samples, representing various types of hydrocarbon resources. A comprehensive
examination of the component composition was conducted for each sample, including the determination of hydrocarbon
content. These results facilitate comparative analysis and help identify the compositional characteristics unique to each
sample.

Table 1 shows that the content of n-paraffins in the analyzed samples ranges from 21.58% to 31.55%. A higher
concentration of n-paraffins enhances the yield of high-octane products, as they readily convert into aromatic hydrocarbons.

Table 1.
Compositions of raw materials for catalytic reforming.

Fraction Number of samples

1 2 3 4 5 6 7 8 9 10
n-paraffins. (%) 21.78 | 22.10 | 23.81 | 31.55 | 29.82 | 21.58 | 24.20 | 24.24 | 26.76 | 25.85
iso-paraffins. (%) 24.25 | 19.14 | 18.71 | 25.83 | 23.64 | 24.33 | 26.63 | 23.29 | 22.41 | 23.40
naphthenes. (%) 31.61 | 33.89 | 30.90 | 30.24 | 26.95 | 31.00 | 32.44 | 4450 | 40.35 | 40.58
Aromatic hydrocarbons. (%) 22.34 | 24.90 | 26.60 | 12.39 | 19.58 | 23.07 | 16.73 | 7.11 | 9.62 8.88

The proportion of iso-paraffins varies between 18.71% and 26.63%. Although less reactive, their presence contributes
to an improved octane number in the final product through isomerization and cyclization processes.

Naphthene content ranges from 26.95% to 44.5%, which is advantageous for the reforming process, as naphthenes are
easily transformed into aromatics, further enhancing the octane number.

The aromatic hydrocarbon content varies between 7.11% and 26.6%, indicating that the feedstock already possesses
some high-octane properties. However, careful monitoring of coke formation is essential to maintain process efficiency.

Among the analyzed feedstocks, those with a high naphthene content are considered the most valuable for the reforming
process, as naphthenes convert to aromatic hydrocarbons with higher selectivity compared to paraffin hydrocarbons.

3.1. Simulation

A software tool was developed based on the proposed mathematical model to simulate and analyse the reforming process.
The software functions as a relational database management system, ensuring efficient storage, management, and rapid access
to feedstock and process data.

The core component of the software is a digital flow chart that visualizes and simulates the entire processing sequence.
This flow chart provides a comprehensive representation of material and energy flows at each stage of the process, enabling
detailed tracking of changes in raw materials and reaction products. The system displays all inputs and outputs, along with
critical parameters such as temperature, pressure, feedstock flow rate, and other key process characteristics essential for
thorough analysis and optimization.

The software is implemented using Python programming language, ensuring flexibility, scalability, and ease of
integration with other analytical tools.

3.2. Model Validation

Figure 4 presents the comparison between actual plant data and model predictions, providing an assessment of the
adequacy of the developed kinetic model. To validate the model, ten datasets from the plant were analyzed, with operating
conditions and raw material flow rates set according to the plant's technical regulations. This comparison enables the
evaluation of the model’s accuracy in predicting the reforming process performance under real operating conditions, ensuring
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its reliability for further process analysis and optimization.
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Figure 4.
Comparison between calculated and experimental values of catalytic reforming parameters.
[a] n-paraffins, [b] i-paraffins, [c] five-membered naphthenes, [d] six-membered naphthenes, [e] aromatics.

Figure 4 shows a comparison of experimental data and predicted reforming molar composition for several selected
hydrocarbon

types. The calculated values agree well with the experimental information, with a deviation of less than 3%. In particular,
the composition of aromatic hydrocarbons coincides with the experimental data, with a maximum deviation of less than 1%.

The rate constants in generalized kinetic models usually depend on feedstock and catalyst characteristics, and their use
for modeling reforming reactors under other feed conditions may not be appropriate if they are determined for specific
conditions. However, if the kinetic model is sufficiently detailed, the rate constants can be considered independent of the
initial feedstock composition, allowing their use for modeling reactors at other feed conditions. The main problem with the
use of more complex models is that the simplicity of the kinetic representations inherent in models with a small number of
generalizations is partially lost. The use of models with a large number of generalizations requires significantly more
experimental data. However, as shown in Figure 4, the results demonstrate that the developed kinetic model is sufficiently
detailed to consider the kinetic parameters independent of the feedstock composition.

4. Discussion

Table 1 shows the composition of the feedstock, demonstrating that n-paraffins, iso-paraffins, naphthenes, and aromatics
play distinct roles in the reforming process. Feedstocks with high n-paraffin and naphthene content are particularly
advantageous for producing high-octane products due to their efficient conversion to aromatic hydrocarbons. However,
monitoring the process to prevent coke formation is critical to maintaining efficiency.

Figure 4 illustrates the validation of the developed model by comparing experimental data with predicted reforming
parameters. The results show that the predicted parameters closely align with the experimental data, with deviations
consistently under 3%. The exceptionally high agreement for aromatic hydrocarbons (deviation below 1%) underscores the
model's reliability and accuracy. This alignment demonstrates the model's robustness, especially given its ability to generalize
kinetic parameters across different feedstock compositions.
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Figure 4 further highlights that, despite the complexity of reforming kinetics, the developed model achieves an effective
balance between simplicity and detail. By incorporating sufficient detail into the kinetic parameters, the model remains
applicable across diverse feed conditions without requiring excessive experimental data. The predictions for n-paraffins, iso-
paraffins, naphthenes, and aromatics, as shown in Figure 4, align well with experimental results, reflecting the model’s
reliability.

Overall, the results highlight the practicality and adaptability of the developed model in improving catalytic reforming
outcomes. The capability to predict and optimize process performance across varying conditions ensures its utility in
enhancing high-octane fuel production while maintaining cost and operational efficiency.

5. Conclusion

» A kinetic model for the catalytic reforming process was developed based on data from a commercial fixed-bed
catalyst plant. The parameters of this model were determined by minimizing the discrepancies between the calculated values
of the model and real data.

e Using this model, the influence of feedstock compositions on the quality of the catalytic reforming product -
reformate - has been investigated, and predictive calculations using the model have been performed, considering catalyst
deactivation. It is demonstrated that the mathematical model allows us to consider the influence of feedstock on the yield and
quality of reformate and also corresponds to the catalyst used.

*  The kinetic model proposed in this work combines the simplicity of generalized approaches with the capabilities of
more complex models, as it can accurately predict the reformate composition and considers key process variables affecting
the behavior of the reacting system. Validation and use of the model are carried out using real data from both laboratory
isothermal experiments and commercial plants.

»  The software product developed based on the presented mathematical model showed a high degree of adequacy: the
overall error was less than 3%, and the error of the main reforming target product—aromatic compounds—was less than 1%.
This indicates a high level of detail and accuracy of the presented model.

Symbols
Symbol Definition
o Degree of change in the number of moles of hydrocarbons.
HBG circulation rate
Ny
v Hydrogen-containing gas (HCG) flow rate.
VL volumetric feed rate of liquid raw material
Cp Heat capacity of the reaction mixture
E, Activation energy
R Universal gas constant
Ci Molar concentration ofi -th component in the reaction mixture
7, Rate of change in the number of moles of hydrocarbons
12 Raw material consumption
Ea; is activation energy,
ki The reaction rate constant,
N naphthenes
P Paraffins
P() The absolute partial pressure of component j
Pk Catalyst bulk density
R The universal gas constant
r(i) The rate of reaction
ry Rate of change in the number of moles of hydrocarbons
S The number of carbon atoms
Wi The resulting rate of change of the concentration of the i-th component
Yi Mole fraction of the i-th component in a hydrocarbon mixture
AG; Changing of the gibbs free energy forj -th reaction
At Time interval between experimental points in the coke combustion
experiments (s)
3 Dimensionless catalyst bed height.
T Contact time
A Aromatics
P Total pressure
R Catalyst bed radius
T Temperature
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i The number of reactions; s is the number of carbon atoms.
q The reaction heat effect.
t Time
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