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Abstract: - The technology of hydrocarbon processing, in addition to methane, also implies the involvement in 
the processing of its higher homologues - hydrocarbons. Currently, non-oxidative methods are being developed 
for gas feedstock processing, including their dehydrogenation to olefins. Technological schemes for the process 
of oxidative dehydrogenation of hydrocarbons are diverse and depend on the method of carrying out the 
process - continuous or periodic. This article presents the results of the development of modeling and 
determining the optimal parameters of the catalytic continuous processing of hydrocarbons on the example of 
oxidative dehydrogenation. On the basis of the constructed mathematical model of the kinetics of the process of 
oxidative dehydrogenation of hydrocarbons, the problem was solved by constructing a theoretically optimal 
temperature profile. Our laboratory data on the oxidative dehydrogenation of n-butane to divinyl and 
isopentane to isoprene were used as initial data when choosing a model, constructing an algorithm and 
calculations. This made it possible to identify the optimal regions of the regime parameters of the studied 
processes.  
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1 Introduction 
In recent years, the contribution to the industry of 
kinetic and thermodynamic modeling of processes, 
including petrochemical reactions, has increased 
significantly. In addition, the improvement of 
methods of analytical chemistry, the development of 
mathematical models and the development of 
computing tools have led to a deeper understanding 
of the kinetics of petrochemical reactions, especially 
in mixtures with a large number of compounds. 
Taking into account the overall objective of 
improving the quality and yield of the product, it is 
obvious that the final commitment to the production 
of any chemical substances often depends on its 
profitability and other economic factors. In this 
aspect, an important role is assigned to chemical 
kinetics, which is based on chemical reactions; the 
latter in turn depend on factors such as 
concentration, pressure and temperature. 

Understanding chemical kinetics is important for 
obtaining the necessary data on the mechanisms of 
reactions taking into account the intermediate 
products of these reactions. The knowledge of the 
mechanism can be checked only after a detailed 
kinetic study. Kinetic studies cover a wide range of 
different points of view. In particular, in 
petrochemical processes, chemical reactions occur 

in various phases, such as gas, liquid and solid 
phases, solutions using various solvents, gas-solid 
phase and others [1]. 

In recent years, the role of petrochemical kinetics 
and reaction engineering in manufacturing 
technologies has grown. For example, new 
experimental methods have been developed to track 
petrochemical reactions. The availability of 
computers has improved the modeling of complex 
chemical reactions and the stability analysis of the 
reactors used. These measures led to an 
improvement in the design of industrial reactors. A 
growing number of industrial patents are now 
associated with new catalysts and catalytic 
processes, synthetic polymers and new reactor 
designs [2]. 

Complexity of solving the problem of modeling 
petrochemical processes is associated, first of all, 
with the absence of any method for obtaining and / 
or separating a mixture of substances and the 
absence of a practical general method for justifying 
the hardware design of the process. 

Oxidative dehydrogenation of hydrocarbons 
(ODH) in the fixed oxide catalyst (OC) layer 
belongs to the perspective direction in the 
petrochemical industry [3-5].  
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Namely, the ODH belongs to the class of 
processes for which mathematical modeling 
methods have not been developed to solve the 
problems of theoretical optimization of the 
temperature profile (TOTP), to determine the 
optimal values of the control parameters: 
temperature, pressure and composition of the 
reaction mixture, its feed rate in reactor. 

Technological schemes for the process of 
oxidative dehydrogenation of hydrocarbons are 
diverse and depend on the method of carrying out 
the process - continuous or periodic. 

Continuous process. This is a simultaneous feed 
to the catalyst of a hydrocarbon and an oxidizing 
agent (air or oxygen). Under conditions of saving of 
hydrocarbon raw materials, air as an oxidizing agent 
is undesirable, since as a result of the process there 
is a constant accumulation of ballast nitrogen. But 
the main problems are a large heat release during 
reaction, the use of a tubular reactor or a fluidized 
bed (isothermal reactors), expensive heat carriers for 
high temperatures (800-900°C). Therefore, when 
implementing the process on an industrial scale, it is 
necessary to solve the problem of heat removal and 
utilization of heat energy. 

Periodic process. For example, methane 
dimerization (or oxidative dehydrogenation and 
cracking of C2-C3 alkanes) is carried out by oxygen 
of the catalyst lattice. The process consists of 
several cycles: the oxidized catalyst is in contact 
with methane; nitrogen expulsion removes 
dimerization products; air expulsion regenerates the 
catalyst; nitrogen expulsion and repeating the cycle. 
In the case of periodic process, several technological 
schemes are possible. 

Considering this, the purpose of this work is the 
modeling and development of an algorithm for the 
implementation of optimal instrumentation of 
petrochemical continuous processes, for example, 
the oxidative dehydrogenation of hydrocarbons. 
Note that, for optimization, we used our 
experimental data on the oxidative dehydrogenation 
of two processes [3-5]; n-butane to divinyl and 
isopentane to isoprene. 

Below are the TOTP results of highly 
exothermic, with complex mechanism, OD reactions 
of n-butane to divinyl and isopentane to isoprene, 
which allowed to carry out the optimal calculation 
of the reactor and determine its optimum 
parameters. At the design stage, this will enable to 
select a reactor in which the process approaches the 
theoretically optimal regime, and for operating 

reactors it makes it possible to determine the 
possibilities for its intensification [6-13]. 

 

2 Methodical and Theoretical Part 
Statement of the problem, algorithm and method for 
the numerical solution of the TOTP problem. The 
main theoretical optimization of the processes of 
ODH is a mathematical model of the kinetics of 
processes at a given temperature T and initial 
conditions τ = 0; Pi(0) = Pi() 
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where Wj is the total reaction rate for the considered 
routes, mol / l (cat)·sec: Pi is the partial pressure of 
the i-th component, kPa. 

The solution of the problem of theoretical 
optimization, in particular, of the ODH allows to 
choose the reactor type, estimating the potential 
possibilities of the process and determining the 
TOTP. The latter allows to calculate the maximum 
yield of the target product with the greatest 
selectivity from a unit volume of the catalyst. In this 
case, the following criterion can be used to 
determine TOTP:  
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where TOTP satisfies the constraint  

 

Tmin ≤ T ≤ Tmax  (3) 

 

To solve the problem of finding the TOTP, we 
will use the Pontryagin maximum principle, 
proceeding from the fact that in a controlled system 
anywhere in the acceptable range of the control 
variable it is impossible to satisfy the necessary 
condition of control stationarity. In the acceptable 
range, the Pontryagin function is written using the 
Hamiltonian function H [14]. To find the TOTP, we 
construct auxiliary functions λj satisfying the 
following system of equations with boundary 
conditions: 
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λi(τk)≡0, λj(τk)≡1 i≠j mi ,1   nj ,1 . 

Here we assume that control T(τ) (Tmin, Tmax) for 
fixed values of Pi(τ), in the Hamiltonian function 
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H = Σ λjѓj = H(Pi,T)         mi ,1   nj ,1    (5) 

 
T(τ) reaches a maximum, i.e. in the Hamiltonian 
equation the condition is satisfied 

 

],,)([max],,)([ optj
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                                                                        (6) 

Then the theoretical optimization of the control 
of the ODH process reduces to solving the boundary 
value problem of the system of equations (1), (2), 
(3) with the search at the nodal points of integration 
of the maximum of the Hamiltonian of system (4). 
The search for optimal control was carried out on 
the basis of the maximum principle by the method 
of successive approximations. The calculation 
algorithm was based on the integration of system 
(1), (3) by the Runge-Kutta method [13] with 
constraints (1), (3). 

A block diagram of the numerical solution 
algorithm for determining the TOTP by the ODH 
process is shown in Figure. The algorithm for the 
numerical solution of the problem: the first 
approximation of the temperature distribution T(1)  
along the length of the reactor is arbitrarily given 
and a direct system of kinetic equations (1) is 
solved, in which the rate constants are functions of 
T(1). The values of the partial pressure Pi(τk) at the 
end of the reactor are determined. Next, the direct 
(1) and conjugate (4) problems are solved together 
with the boundary conditions given at the point (τk) 
from right to left, and at each nodal point we 
consider the temperature providing the maximum of 
the function H in equation (5) and satisfying 
condition (6). 

 

3 Results and Discussion 
Theoretical optimization of the process was reduced 
to solving the boundary-value problem of the 
system of equations (1), (4) and (5) from right to 
left, condition (6) is determined not at each 
integration step, but at nodal points with interval τ. 
The finding of the Hamilton maximum (6) was 
carried out by the random search method, which 
greatly reduced the number of iterations and 
accelerated the convergence of computations. 

Thus, the block diagram of the algorithm for 
numerical solution of the problem for determining 
the TOTP allowed to determine the optimal 
conditions for carrying out the ODH process. 

 

 

 

Figure. The block diagram of the algorithm for 
numerical solution of the problem for determining 
the TOTP. 

 
4 Conclusion 
In the course of theoretical optimization, 
optimal parameters were found - temperature, 
pressure, and composition of the reaction 
mixture in the systems under study. The 
theoretical calculations carried out, including 
the optimal apparatus design of the reactor, are 
in satisfactory agreement with the experimental 
data of the catalytic hydrocarbon systems. The 
proposed approach leads to qualitatively and 
quantitatively new possibilities for determining 
the hardware design of chemico-technological 
schemes and evaluating the characteristics of 
the extracted chemical products. In the 
theoretical optimization, optimal parameters 
were found - temperature, pressure, and 
composition of the reaction mixture in the 
studied systems of oxidative dehydrogenation 
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processes of n-butane to divinyl and isopentane 
to isoprene.  
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