PA3JIEJI: nxeHepHoe 10, TEXHOJIOTHH U TEXHUYECKUE HAYKHU
Hanpasnenue: Texnuueckue Hayku

DOI 10.37539/2949-1991.2025.25.2.018
Y JIK 66.069
Mareppamosa Tamessia Mycraga, noueHr
AzepOarimxanckuii ['ocy1apcTBeHHBIN YHUBEPCUTET
Hedtu u [Ipombinennocty, r. baky, Azep0aiimxan

NanameB Kamuiab DibHYp, Maructp,
Azep0aiimxanckuil ['ocyrapcTBeHHbIN Y HUBEpCUTET
Hedtu u [Ipomeimnennoct, r. baky, AzepOaimxan

ABTOMATU3AIUA TEXHOJTOI'MYECKOI'O
ITPOLHECCA INOJIYYEHHUSA KOKCA
AUTOMATION OF THE TECHNOLOGICAL
COKE PRODUCTION PROCESS

AHHOT&HHH: B HACTOAIICC BPCMA He(bTﬂHaﬂ IIOJIMTUKA IIPOABUIAaCTCA KaK HaCylIHas
HE00X0AUMOCTh B He(TeNOOBIBAIONIMX CTpaHaX. B 3To#l CBS3M, yCKOpEHHE pPa3BUTHSA YPOBHS
O9KOHOMHKHU I3TUX CTpPpAH OJHOBPCMCHHO 3aKJIaAbIBACT OCHOBY JISI CHUXKXCHUA 3aBUCHUMOCTU UX OT
HedtH B OyaymeM. B Takom citydae npaBuiIbHAst 1 peHTa0enbHas epepadoTKa JOOIBAEMOM ChIPOit
He(bTI/I ABJISICTCS OJHUM U3 BaXXHEUIIINX H AKTYAJIbHBIX BOIIPOCOB 3KOHOMHUKH. YJ'Iy‘IHIGHl/Ie
KQ4eCTBECHHBIX IIO0Ka3aTeiei HG(I)TSIHLIX (bpaxunﬁ U LOCICBBIX He(bTerOL[y'KTOB C YUCTOM
3Heprod(PEeKTUBHOCTH BO3MOXKHO HETOCPEJACTBEHHO B PE3yJIbTaTe ONTHUMAJIBHOW IMepepadoTKH
noOwiBaemoit HeTu. KokcoBaHue npeBpalaeT TsHKelble OCTaTKU He()TH, TaKKUX KaK I'yJpoHa, Ma3yTa
U “CMOJUCTBIE” TIOTOKH OT aTMOC(epHON M BaKyyMHOH MEPETrOHKH B MPOAYKTHI C J0OaBIEHHON
CTOMMOCTBIO C BEICOKOU CTEIIEHBIO YHUCTOTHI U IMPOYHOCTH.

Abstract: At present, petroleum policy is promoted as a pressing need in oil-producing
countries. In this regard, accelerating the level of development for these countries' economies
simultaneously lays the foundation for reducing their dependence on oil in the future. In this case, the
correct and profitable crude oil extraction is one of the most important and pressing economic
problems. Improving the quality of oil fractions indicators and target oil products, taking into account
energy efficiency, is possible directly as a result of optimal extracted oil processing. Coking converts
heavy petroleum residues such as tar, mazut, and “resinous” streams from atmospheric and vacuum
distillation into value-added products with high purity and strength.

KiroueBble c10Ba: 3aMelICHHOE KOKCOBaHHE, LIEJIE€BbIE HEPTENPOAYKTHI, PEKTH(PHUKAIINS,
MaTe€MaTH4YCCKasa MOACIIb, OIITUMAJIBHOC YIIPABJICHUC, TEXHOIOTHYECKUH mponcecc.
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Oil refining and petrochemistry, based on the products of oil and natural gas processing, are
among the fastest-growing industries. Increasing production and improving the oil refining products
quality is the most important problem for the scientific and technical complex of many countries [1-
8]. In the context of the continuing increase in the oil refining share in the industry, such an important
technological process as coking is acquiring ever-increasing importance [9].

During the coke production process, heavy petroleum products are used in unheated chambers.
In addition to coke, the plant also produces coke benzine, dry gas, light gas oil, which is a heating oil
component, heavy gas oil, which is a boiler fuel component, and stable liquid.

The rectification section of the delayed coking installation is single-flow, and the coke
chamber is double-flow.

@Memz{yHaponHmﬁ HayuHbIN xKypHan "®narman Hayku' Ne2(25) ®espaisb 2025
www.flagmannauki.ru | 8(812)9052909 | info@flagmannauki.ru



PA3JIEJI: nxeHepHoe 10, TEXHOJIOTHH U TEXHUYECKUE HAYKHU
Hanpasnenue: Texnuueckue Hayku

The delayed coking installation operates in the following modes:

1) continuous mode (due to the raw materials supply);

2) periodic operation mode (by unloading coke).

The main and technological parts of the investigated technological installation are as follows:

- raw material (tar) heating block;

- coking product rectification and raw material coking block;

- unit for collecting cooling products and blowing coke;

- benzine alkalization unit;

- light gas oil fraction alkalization block during coking;

- pump cooling block;

- heat and flue gas utilization unit for petroleum products;

- water preparation unit required for coke cutting;

- coke bunkers, green coke storage, coke transportation, its separation;

- storage unit.

The coking process of oil products is carried out in a delayed coking installation. The coking
process, carried out in coke chambers at a pressure of 0.6 MPa (6 kg/sm?) and a temperature of 450
—500°C, can also be called a thermal cracking process.

The coking process, which occurs by a radical mechanism, is a sequential-parallel reaction
set. Oil product coking is a technically feasible and economically advantageous technological process
that allows for increasing the depth of crude oil processing. In the coke production process, after
many intermediate compounds, the final product is obtained, coke.

The main essence of the technological process under consideration is the coking process
implementation by continuously feeding raw materials preheated to a temperature of 495--520°C
into coke chambers with external thermal insulation, thereby accumulating its heat. Heated light gas
oil (515--520°C) is injected into the chambers, which leads to the coking process completion.

The following operating parameters are maintained at most operating delayed coking
technological installations:

- excess pressure (in the upper chamber part) 0.15--0.4 MPa (1.5+4.0 kg /sm?);

- temperature of the processed raw material (at the furnace outlet) 495--520°C;

- recirculation coefficient (1.2-+1.8).

An increase in temperature and pressure in the system, as well as the recirculation coefficient,
leads to an increase in the yield of benzine, gas, coke, and light gas oil and a decrease in the heavy
gas oil yield [4].

To implement the delayed coking process while maintaining minimal losses and efficiency
indicators, automation equipment is used that meets international requirements and at the same time
has a high accuracy class and short response time [3].

In general, control and measuring instruments are structures that directly or indirectly compare
the measured value with the measurement parameter. To ensure simultaneous measurement and
control of pressure, temperature, level, and flow at the delayed coking technological installation, high-
quality and effective measuring instruments used in international practice are used. Based on
statistical data obtained as a measurement result carried out using modern intellectual instruments, a
mathematical model was constructed that reflects the dependence of the rectification column
performance on the main input parameters of the apparatus. At the next stage, the coefficients for the
mathematical model in the form of a regression equation are found using the Excel program [5].

As mentioned above, after finding the regression equation coefficients, the question of
ensuring optimal functioning arises from the technological apparatus (column) that carries out the
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rectification process. The optimal control system is defined as the system that operates most
effectively at the selected point in time. The state is determined, which is obtained by adjusting the
operating parameters of the control system based on specified regulatory restrictions. To do this, first
of all, it is necessary to determine the optimality criterion, including economic or technical efficiency
indicators of the constructed automated control system, which is an indicator of this system's
efficiency. In this case, the objective function of the optimal control problem is the core for the
selected optimality criterion.

In the presented study, the regression equation is adopted as the objective function. The
objective function specifies the optimality criterion (light gas oil yield), as well as the dependence of
its value on the independent output parameters of the problem that affects it. To solve the optimal
control problem, the Mathcad software package was used, employing the optimal values of the input,
output, and control parameters for the studied column, which carries out the rectification process,
were calculated. As a result, the obtained optimal values are compared with the actual real values,
reflecting the obtained solution effectiveness [2].

Taking into account all of the above, the optimal functioning of the column implementing the
complex rectification process is ensured. As a solving result of the set optimal control problem for
the studied technological apparatus, the efficiency and optimality of the process for secondary crude
oil processing increases, quality indicators improve, delays in the control system are eliminated and
losses of used energy, obtained intermediate and final oil products are reduced. Ensuring optimal
productivity of the technological process of oil refining creates conditions for saving financial
resources directed to this area of the industry.
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