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MOCTPOEHUE MATEMATHUYECKOM MOJIEJIN
N 3AJAYA OIITUMU3AIINU @YHKIIMOHUPOBAHUSA
YCTAHOBKH T'MIPOTEHU3ALIMOHHOM OYUCTKH MACEJI
CONSTRUCTION OF A MATHEMATICAL MODEL AND THE PROBLEM
OF OPTIMIZING THE FUNCTIONING OF AN OIL HYDROGENATION
PURIFICATION INSTALLATION

AHHOTaIII/Iﬂ. B crarbe Ha ocHOBe BCCCTOPOHHETO HCCICAOBAHHA W aHalIMW3a IIporecca
rHﬂpOFeHHBaHHOHHOﬁ OYHUCTKH MaCCJI pacCMaTpuBacTCsAa np06neMa MNOCTPOCHHUA MOACIU U
MOCTEAYIOMEeH ONTUMH3ALINKN HCCIEyEMOr0 MpoIecca Ha paccMaTpuBaeMoil ycTaHOBKe. Llenbro
nponecca ABJIIACTCA CHHXXCHHUC COACPIKAHUA CCPhI, a30Ta U KUCJIOpOoAa B MacCjax, 4TO yJIydlacT UX
IKCIUTyaTaIlMOHHBIE XapaKTepuCTUKU. B pabore BhIOpaHa HENIMHEWHAs PErpecCHOHHAas MOJEIb
BTOPOTO TOpsiAKa. BIXomHOW mepeMeHHOW BhIOpaHA BSI3KOCTH ouHileHHoro macia mpu 50 °C,
KOTOpasA BBICTYIIACT HHIAUKATOPOM KadyeCTBA IIOJIYyHYAa€MOI'0 TIOTOBOI'O IPOJYKTa. Ha ocHoBe
HOqueHHOﬁ MOACIN C(bOpMyJ'II/IpOBaHa H PCIICHA 3aJilada ONITUMHU3AIIUH.

Abstract. This article, based on a comprehensive study and analysis of the process of oil
hydrogenation purification, examines the problem of constructing a model and subsequently
optimizing the studied process at the considered installation. The purpose of the process is to reduce
the sulfur, nitrogen, and oxygen content in oils, which improves their performance characteristics. A
second-order nonlinear regression model is selected in this study. The output variable is the viscosity
of the purified oil at 50°C, which serves as an indicator of the finished product quality. Based on the
resulting model, an optimization problem is formulated and solved.

KuaroueBbie cioBa: OuncTka Maceil, MareMaTudcCkasd MOACIIb, 3aJada OITHMH3allUH,
TEXHOJIOTHYECKUN mponecC, KOHICHTPpanus BOJA0pOoaaA.

Keywords: Oil purification, mathematical model, optimization problem, technological
process, oil viscosity, hydrogen concentration.

As is known, to control and optimize the functioning of complex technological objects, a
mathematical model is first of all necessary. In addition, the model helps to predict the future behavior
of an object under various conditions, simplifying its understanding and research without working
directly with the real object. To construct a model, important stages include studying the processes
occurring at the installation, determining the technological parameters that have a significant impact
on the technological process, selecting the type of model, and collecting statistical information that
defines the actual state of the technological object over time [1-5].
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The presented article is devoted to a thorough study and comprehensive analysis of the
technological processes occurring at one of the important and relevant installations in both
petrochemistry and oil refining, namely, a technological installation for the hydrogenation
purification of oils.

Hydrogenation refining of oils is a complex process of chemical hydrocarbons modification
used to improve the quality of petroleum products (oils, fuels) and to obtain valuable chemicals (e.g.,
cyclohexane) using hydrogen and catalysts under pressure. The process of cleaning contaminated oils
occurs in the presence of hydrogen-containing gas, and the contaminants are nitrogen, oxygen, and
sulfur-containing compounds. This process aims to reduce the amount of contaminants in the oil,
improve its quality characteristics (flash point, density, base number, viscosity, pour point, etc.), and
improve its chemical resistance [6]. The process is as follows: contaminated oil is fed to be mixed
with hydrogen-containing gas, then it is fed into heating apparatuses, heating up to a temperature in
the range of 260-350 °C. The heated gas-feed mixture is then sent to the reactor. Here in the reactor
the main purification reactions take place. The resulting mixture is then sent to a separator and then
to a stripping column. In this column, the resulting mixture of purified oil is separated from its side
ingredients. The purified oil is then delivered to the finished goods park. The supply of hydrogen-
containing gas for mixing, its hydrogen concentration, and the values of other process parameters are

carefully regulated (Figure 1).
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Figure 1. The principal scheme of the installation

The main input parameters of the process under study that most strongly influence the
achievement of the selected optimality criterion are the following: z; is the raw material consumption
at the entrance to the installation (m3h); z, is the consumption of hydrogen-containing gas supplied
for mixing (m%h); z; is the pressure at the entry point of the stripping column K-1/1 (kPa); z, is the
vapor usage in the stripping column K-1/1 (kg/h); zs is the stripping column K-1/1 bottom temperature
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(°C); z,4 is the amount of hydrogen in the hydrogen-containing gas mixed with the raw material (m3/h).
The viscosity of the purified oil at 50 °C is also measured to assess its quality.

Even though one of the main apparatuses in the installation is a reactor, its parameters are not
controlled due to the complexity of the processes occurring in it and a fairly large number of factors
influencing the course of reactions, including: catalyst activity, reaction time, as well as other
indicators that can take on different indicators depending on the position in time and space. Given the
above considerations, direct intervention in the reactor processes is impossible, and the measured
process variables are not incorporated into the model. The model of this installation is selected in the
regression model form. Most often, to simplify calculations, linear regression models are used, but,
given that most processes in oil refining, petrochemistry, and chemistry are in reality complex, multi-
component, non-stationary, it would be more correct to choose a model of the installation under study
in the form of a non-linear regression equation. We use the following nonlinear equation:

Yy =aqQy + a;z; + aHZIZ + a,z, + a22222 + aszs + a33Z§ + ayzy +
+a44Z42( + asZs + a55Z§ + AsZg + a66Z§ (1)

To find the unknown coefficients of the regression equation (1) least squares method. The
model is built on the basis of real statistical data collected at a functioning installation. The numerical
values calculation for the coefficients of the nonlinear regression model is performed in the Microsoft
Office Excel program. Taking into account the found coefficients obtain a model of the following
type:

y = 35.150453 — 0.019473 * z; + 0.001548 * z, — 0.000151 * z3 +

+0.005633 * z;, — 0.001211 * z5 — 0.000002 * z; — 0.002925 * z7 — (2)
—0.000007 * z5 — 0.000201 * z — 0.000175 * z; — 0.000051 * z7 —
—0.000004 * z;

To test the adequacy of the model, the multiple correlation coefficient and Fisher's criteria test
are calculated. After calculating the necessary determinants, we obtain the following value for the
multiple correlation coefficient: R = 0,983546. The calculations reveal a strong correlation among
the chosen parameters within the resulting model. Next, the statistical reliability of the regression
equation is assessed using the Fisher criterion. The processes occurring in this installation are aimed
at reducing the purified oils' viscosity, which determines the formulation of the optimization problem
as the minimization of the objective function. Equation (2) is chosen as the objective function, and
the constraints system is represented as:

r 18 < X <22
7500 < x, < 8500
95<x3<105 3
120 < x, < 140 3)
160 < x5; < 180
\6250 < x5 < 7250

To solve an optimization problem in the MATLAB, the main step is writing a script that
executes the procedures necessary to find the optimum. Then we go to the MATLAB command
window and enter the name assigned to the script into the command line. After entering the name, we
press Enter, and the optimal values of the function being minimized are calculated under the specified
constraints. The calculation result is:
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Figure 2.

By substituting these values into the equation of the mathematical model, we obtain the value
corresponding to the function minimum:

35.150453 — 0.019473 x 22 + 0.001548 = 7500 — 0.000151 * 105 + 0.005633 * 140 —
0.001211 = 180 — 0.000002 * 7250 — 0.002925 * 22 x 22 — 0.000007 = 7500 * 7500 — 0.000201 *
105 105 — 0.000175 * 140 * 140 — 0.000051 * 180 * 180 — 0.000004 * 7250 * 7250 =
31.562971 = 31.56

The obtained viscosity value at 50°C, while maintaining the values of the regulated parameters
equal to those specified in the system (3), is y=31.56. Thus, based on a comprehensive study of the
processes occurring at the oil hydrogenation purification installation, established that it is important
to maintain the hydrogen concentration in the hydrogen-containing gas in accordance with the
existing regulations.
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