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ABTOMATU3ALIMSA NTPOIECCA B ITMPOJIM3HBIX
HNEYAX MPOU3BOJACTBA OTUJIEHA
AUTOMATION OF THE PROCESS IN PYROLYSIS
FURNACES FOR ETHYLENE PRODUCTION

AHHOTaHI/Iﬂ. Cratps IMOCBAIICHA HM3YUYCHHIO BOIIPOCOB aBTOMATHU3allMKM IPOLECCCOB,
IPOUCXOOAIINX B IIMPOJIM3HBIX II€YaAX T €XHOJIOTMYECKOH JTUHUU IIPpOU3BOJCTBA OTUJICHA, a TAKIKC UX
OITUMU3AIINN. OCHOBHBIM MCTOAOM MPOU3BOJACTBA 3THUIJICHA B IPOMBIIIJICHHOM CEKTOPC ABJIACTCA
MUPOJIN3 JIETKUX U CPEIHUX YTIEBOJOPOAHBIX (PpaKiMii MpU BHICOKHX TeMmieparypax. OCHOBHBIM
arrmapaTomM IPOU3BOACTBA SABJIACTCA MNHUPOJHU3HAA II€Yb, B KOTOPOM IIPOHUCXOJUT MPOLECC
TCPMHUYCCKOT'O Pa3I0KCHHUA. Ha ocHoBe HOqueHHOﬁ MOACIn C(I)OpMyJII/IpOBaHa H pCIICHA 3aga4da
ontuMuzanuu. [Ipu sKcrulyaTanuu NUPOJIM3HON Medyn MpobdiieMa KOKCOBAaHUS BO3HUKAeT M3-3a
HECTAOMIILHOTO KOHTPOJIA TCMIICPATYPHBIX HHTCPBAJIOB, U3MEHEHHUU B IIOTOKE YIi€BOAOPOAHOTI'O
CBIPbsl, @ TAKXKE HEMPABWIBHOIO MOJAJIEPKAHUS TEMIEPATYPHOro pexuMma. B HacTosiiee BpeMs B
OPOMBINUICHHOCTH aBTOMATHU3alMA U PEryJIMpPOBaHUC ITPOLICCCAa MUPOJIU3a U CHHIKCHHUC KOKCOBAHUA
ABJIAIOTCA OCHOBHBIMU ITPUOPUTETHBIMHU 3aJa4aMH 110 UX COBCPIHICHCTBOBAHMUIO.

Abstract. This article examines the automation and optimization of processes occurring in
pyrolysis furnaces in an ethylene production line. The primary method for producing ethylene in the
industrial sector is the pyrolysis of light and medium hydrocarbon fractions at high temperatures. The
main production apparatus is a pyrolysis furnace, in which the thermal decomposition process takes
place. When operating a pyrolysis furnace, coking problems arise due to unstable temperature control,
variations in the hydrocarbon feedstock flow, and improper temperature maintenance. Automation
and control of the pyrolysis process and reducing coking are currently the top priorities for industrial
improvement.

KuroueBble ciioBa: HpOI/IBBOI[CTBO OTHJICHA, ITUPOJIN3HAA I[1€Ub, aBTOMATHU3allHs, YIIPABJICHUC
IPOLIECCOM.
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In the petrochemical industry, which uses oil or natural gas as feedstock, the pyrolysis process
is used to produce ethylene. The chemical bonds of the feedstock are thermally broken by heating
with steam, releasing ethylene gas, which is fed to processing plants. Ethylene plays an indispensable
role in the production of goods in high demand in everyday life [1-6].

Light and medium hydrocarbon compounds are used as feedstock. Temperature and pressure
parameters for the pyrolysis process are appropriately selected within the range of 700-900°C at
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atmospheric pressure. Thus, the process primarily produces ethylene and propylene. Along with the
commodity product, byproducts containing large amounts of benzene, toluene, and xylene are
obtained in liquid form. The amount of byproducts produced in the process is reduced by properly
selecting the correct operating mode. In the pyrolysis furnace, naphtha, ethane, propane, or gas
condensate fed to the unit are decomposed at the required temperature ranges and with a short
residence time, resulting in ethylene production. Steam is introduced into the furnace during the
process, resulting in increased product yield, a partial reduction in the amount of coke formed on the
tube surfaces, and, most importantly, reaction kinetics optimization. Improved heat transfer between
the tubes located within the apparatus and proper temperature control increase productivity, reduce
energy consumption, and optimize reactor tube maintenance costs. Figure 1 shows the principal
scheme of a pyrolysis furnace.
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Figure 1. Principal scheme of a pyrolysis furnace

By controlling the temperature in the furnace's preheating, pyrolysis, and cooling zones,
ethylene yield can be increased and the risk of coking reduced. A short residence time of 0.1-0.5
seconds allows the decomposition reaction to occur fully, preventing carbon deposits from forming
inside the tubes. With the correct steam ratio, the rate of thermal decomposition of the compound
molecules increases, the amount of coking decreases, and the product yield increases. The feedstock
flow balances the production process. Carbon deposits forming on the pipes installed inside the
pyrolysis furnace reflect coking. The resulting carbon deposits lead to increased maintenance costs,
reduced equipment performance, and compromise the continuous process. For these reasons, the
company has optimized key process parameters and uses a real-time monitoring system.

The main causes of coke formation include prolonged, uncontrolled storage at high
temperatures and improper selection of parameters based on feedstock characteristics. The resulting
coke layer causes piping constriction, preventing the process from flowing as intended, disrupting the
furnace's temperature balance, and reducing product yield. PLC/SCADA systems are now used for
automated control in accordance with industry standards. Thanks to the use of automated control
systems, the pyrolysis furnace ensures long-term and safe operation. Before the experimental study,
Figure 2 shows a graph of the furnace tube surface temperature versus time.
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Figure 2. Graph of the furnace tube surface temperature versus time

Figure 3 shows a dependence graph of the pipe surface temperature on time after the
automation system implementation.
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Figure 3. A dependence graph of the pipe surface temperature on time

A comparative analysis shows that after implementing the automation system, the furnace's
operating time increases by 2-3 days, and productivity by 3-4%. The coke amount formed in the
furnace decreases by 50-67%. Furthermore, it should be noted that the energy consumption during
the process decreases by 0-2%.
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