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Abstract

In the article, minimizing energy losses is identified as a primary challenge for enhancing
the productivity of the straight-run benzine hydrotreating process and improving the quality of
the resulting target product. The ultimate goal, based on the comprehensive studies carried out, is
to obtain high-quality hydrotreated benzine. The physical justification for the studied
technological process and the development of a modern automated control system is presented.
The development of such an effective automated control system is an actual and important task in
the modern oil refining, petrochemical, and chemical industries. The main technological
apparatus analyzed in the gasoline hydrotreating unit is the stabilization column. In this case, the
minimum and maximum limits of the operating parameters have been established, as it is one of
the key devices in the benzine hydrotreating system. After clarified the technological operating
modes of the main apparatuses, important regulated and controlled parameters were determined.
That is, the main goal of the conducted research is the correct choice for technological parameters
of the studied process, their optimal regulation, monitoring, control and, ultimately, obtaining
high-quality hydrotreated benzine. Technological and automated schemes for the studied system
were developed using the modern graphic platform “Draw.io”.
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Benzin hidrotamizlomasi blokunun avtomatlasdirilms idaraetma sistemi

E.A. Malikov, T.M. Maharramova
Azarbaycan Déviat Neft va Sanaye Universiteti (Baki, Azarbaycan)

Xiilasa

Mogalodos, birbasa qovulmus (distillo olunmus?) benzinin hidrotomizlonmasi prosesinin
mohsuldarliginin vo alinan mohsulun keyfiyystinin artirilmasi {igiin enerji itkisini minimuma endirmok
osas maqsadlordan biri kimi qarsiya qoyulur. Aparilan ¢oxsayli tadqiqatlara asaslanaraq, hidrotomizlonmis
benzinin alinmas1 vacib hesab olunur. Bu texnoloji prosesin fiziki cohatdon osaslandirilmasi vo miiasir
avtomatlagdirilmis idaroetmo sistemlorinin islonmosi zoruridir. Belo bir idaroetmo prosesinin iglonib
hazirlanmasi aktual va vacib elmi-praktik masololordon biridir. Hidrotomizlonmis benzinin alinmasinda
asas texnoloji avadanliq stabillosdirmo kalonu hesab olunur. Benzinin hidrotomizlonmasi bélmasinds asas
aparat olan stabillosdirms kalonunun is rejiminin parametrlori {izro minimal vo maksimal hadlari toyin
edilmisdir. Osas aparatlar iizro rejim parametrlori doqiqlosdirilorak, onlarin nazarati vo idare olunmasi
hoyata kegirilmigdir. Todqgiqatin osas moagsodi texnoloji prosesin texnoloji parametrlorinin diizgiin
secilmosi, onlarin optimal idars olunmasi vo yiiksok keyfiyyotli hidrotomizlonmis benzinin sldo
edilmosidir. Tadqiq olunan sistems dair texnoloji vo avtomatlasdirma sxemlori miiasir “Draw.io” qrafik-
dizayn proqram tominati platformasinda hazirlanmigdir.

Acar sozlar: stabillogsdirmo kalonu, idarsetmos sistemi, benzinin hidrotomizlonmasi, birbasa
govulmus benzini, texnoloji aparat, idaraetmo prosesi, miiasir sistem.

ABTOMaTl/I3l/Ip0BaHHaH CHUCTEMA yIIPpaBJCHUA 0JIOKOM IT'NAPOOIUCTKHA OeH3uHa

J.A. Menaukos, T.M. MareppamoBa

Asepbauiodcanckuii I'ocyoapemeennviil Yuusepcumem Hegpmu u Ilpomwiuinennocmu
(baky, Asepbaiioscan)

AHHOTAUA

B crathe MuHUMH3AIUS TOTEPh JHEPTUM pPacCMaTPUBAETCS KaK OJHA W3 OCHOBHBIX 3a/ad
MOBBIIIIEHHUST TPOU3BOIUTEIBHOCTH MpoIecca TUAPOOUYUCTKH TPSMOTOHHOTO O€H3WHA W YIIy4YIICHUS
KauecTBa IOJTY4aeMOro ILEJIEBOro NMpOoAyKTa. Ba)kHO, HA OCHOBAHMU NPOBEACHHBIX HCCIEIOBAHHHU, B
KOHEYHOM HTOre TMOJIyYUThb THApOOUYHIIeHHbIH OeH3uH. IlpencraBneno ¢usnyeckoe 00OCHOBaHUE
HCCIIETyeMOT0 TEXHOJIOTHYECKOTo TMpollecca U pa3padoTKa COBPEMEHHON aBTOMATU3UPOBAHHON CHUCTEMBI
ynpasieHus. Pa3paboTka Takol aBTOMaTH3MPOBAHHOM CHUCTEMBl YIPaBJICHHS SIBISETCS aKTyaJbHOH U
Ba)XXHOH npo6isiemMoil. OCHOBHBIM HCCIIEyEMbIM TEXHOJIIOTHUYECKUM aIlllapaToM B pacCMaTpUBaEMOM OJIOKe
THJIPOOYHMCTKY OCH3WHA SIBIIsIETCS CTaOMIIM3allMOHHAs KOJIOHHA. [Ipy 3TOM yCTaHOBIECHBI MUHUMAIILHBIE U
MaKCUMaJIbHBIE MpeJeNbl PadodYux MapaMeTpOB KOJOHHBI CTAaOWIHM3alluK. YTOYHHB TEXHOJIOTHUECKHUE
pexuMBl  pabOTHl OCHOBHBIX amIlapaToB, OMNPEAEICHBl BaKHBIE pETYIHpPYEMble U YIpaBisieMble
napamMeTpbl, T.e. OCHOBHOW IIEJBIO TPOBEJCHHBIX HCCIIEJOBAHUN SIBJISIETCS TPABHIBHBIA BBIOOD
TEXHOJOTHYECKUX TTapaMeTPOB HCCIIEAYEMOTO MPOIEcca, UX ONTUMAIBHOE PETyJIHpPOBAHME, YIPABICHHE
U, B KOHEYHOM HTOTE, IIOJTy4YeHHE BHICOKOKAUYECTBEHHOI'O THAPOOUYHIIEHHOrO OeH3nHa. TexHomornueckue
U aBTOMAaTU3UPOBAHHBIE CXEMBl HCCIEAyeMOH CHCTeMBbl ObUIM pa3paboTaHbl C HCIOJIb30BAHUEM
COBpeMeHHOH rpadudeckoil mmaTgopmel «Draw.ioy.

KiroueBbie cioBa: craOuin3anyoHHas KOJIOHHA, CHCTEMa YIpPaBICHUS, THIPOOYHMCTKA OCH3MHA,
MPSIMOTOHHBIA O€H3WH, TEXHOJOTHMYECKWH ammapar, TpPOIecC YIpaBlIeHUs,
COBPEMEHHAs CHCTEMA.
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Introduction

Currently, the economic development of
Azerbaijan, especially its achievements in the
country's energy sector, largely depends on the
activities of enterprises that efficiently process
crude oil. The control and measurement
systems used in the oil refining industry
several decades ago did not meet modern
technological requirements. Thus, the existing
systems mainly worked on electrical and
pneumatic principles and faced the following
problems during operation:

- the air quality used in pneumatic
control systems was extremely low;

- the accuracy of control and measuring
devices was low;

- control systems were not working
properly and with large delays.

The above-mentioned shortcomings
indicate that in modern conditions it is more
appropriate to implement effective automated
control and regulation systems based on
electronic means instead of the above-
mentioned systems [1-6]. Improvements in
this area play an important role in optimizing
information processing and production control
in general [7-13].

Measuring sensors and other control and
measuring devices used in modern automation
systems operate with  high accuracy,
transmitting signals in digital (with codes 0
and 1) or analog (4+20 mA) form.

This ensures the control processes'
centralization and implementation ease of
monitoring over them through a common
system. This reduces the need for additional
technological installations, which creates
advantages from both a technical and
economic point of view. One of the main
priorities for the fuel and energy complex of
Azerbaijan is the further this industry

development both in social and economic
terms. The produced oil products meet the
needs of both the domestic market and are
exported to foreign countries. Since straight-
run benzine has a high sulfur content, its
content is reduced by the hydrotreating
process.

Purpose and importance of the
hydrotreating process straight-run benzine

In the modern oil refining industry, the
hydrotreating process for straight-run benzine
fractions is of great strategic importance both
in terms of improving product quality and
increasing its processing stage efficiency. The
primary objective of the technological process
under consideration is to produce a high-
quality final commodity product by removing
undesirable components from the raw
materials, including nitrogen, sulfur, oxygen-
containing compounds, unsaturated and
organometallic compounds, as well as
resinous substances. In particular, since the
mentioned stage is carried out before the
implementation of the catalytic reforming
technological process, it directly affects the
subsequent stages' efficiency. Correct organi-
zation for the technological hydrotreating
stage leads to a service life extension of the
catalysts used, an increase in the octane
number of the target product, and an increase
in the aromatization hydrocarbon degree.
Although the technological schemes of
hydrotreating installations generally have
similar elements in their structure, there are
differences in the technical characteristics,
productivity, and dimensions of the
stabilization and separation blocks. These
differences are formed mainly depending on
the raw materials composition, processing
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capacity, and the required resulting product
quality.

From a technological point of view,
flexible and optimal control of hydrotreating
installations is important both from the point
of technical safety view and economic
efficiency. When hydrotreated benzine
fractions are sent to subsequent processing
stages, products for various purposes are
obtained, depending on their boiling ranges.
For example, fractions with a boiling point of

80+180°C or 100+180°C are processed into
high-octane benzine using the platforming
(catalytic reforming) method. On the other
hand, narrower fractions, such as toluene in
the 85-105°C range, benzene in the 60+85°C
range, and xylene in the 130+165°C range are
used in the various concentrates production.
Figure 1 shows the flowchart of the
straight-run benzine hydrotreating section,
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Figure 1 — Flowchart of the straight-run benzine hydrotreatment section
| — feedstock (straight-run benzine); Il — hydrogen-containing gas; 111 — hydrogen-containing gas (enters
the evaporation coil); IV — hydrotreated benzine; V — hydrogen-containing gas (part of which is utilized).

The main apparatuses in the technolo-
gical scheme: 1 — pump; 2 — reactor; 3 —
furnace; 4 — heat exchanger; 5 — refrigerator; 6
— separator; 7 — reboiler; 8 — stabilization
column.

The process of hydrotreating benzine
fractions is carried out in two main directions.
The first direction involves hydrotreating
straight-run ~ fractions  (naphtha).  These
fractions are mainly intended as feedstock for
the catalytic reforming process.

The second direction involves the
benzine hydrogenation obtained as a result of

coking, catalytic cracking, and other thermal
or thermocatalytic processes. The above
hydrotreating methods, applied in both
directions, allow for the minimization of the
sulfur content and other harmful components
in the commaodity product, which ensures that

the final product meets the required
environmental and technological require-
ments.

Let us consider the course of the
technological process in the section under
study. The feedstock, straight-run benzine, is
first filtered and mixed with hydrogen-
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containing gas using a pump. The resulting
mixture passes through a heat exchanger and
is heated to 380°C in the convection and
radiation furnace chambers.

At this stage, the gas mixture is heated
by fuel gas, and in the case of a reserve, by
liquid fuel. The heated mixture then enters the
hydrotreating reactor. The main technological
process in this reactor is the reaction of sulfur
compounds contained in the raw material with
hydrogen, ultimately forming hydrogen
sulfide. The product leaving the reactor passes
through a reboiler and a heat exchanger,
lowering its temperature, and then enters a
separator, cooled to 40°C using an appropriate
cooler. The separator separates gas and liquid
into the following phases:

- the upper phase is a hydrogen-
containing gas (part of which is recycled, the
rest is removed);

- the lower phase is the unstable
hydrogenate (then transferred to the next
stage).

Part of the obtained hydrogen-
containing gas is sent to the stabilization
column, and the other part enters the
evaporator, where it is purified and returned to
the reactor (with a hydrogen concentration of
70% and a circulation requirement of 500
kg/m?).

The unstable hydrogenate is heated in a
heat exchanger using the heat of the stabilized
hydrogenate and fed into a stabilization
column. Steam heating is carried out using a
reboiler located at the column bottom. The top
product passes through a condenser-cooler,
then through a cooler, and enters the separator.

The products obtained at the outlet of
this separator are separated into water and
hydrogen sulfide. The water is returned to the

stabilization tank, and the hydrogen sulfide is
used to produce sulfur or sulfuric acid.

The stable hydrogenates (hydrotreated
benzine) leaving the column bottom is the
final product and after filtration is sent to the
reforming stage.

The monoethanolamine solution
saturated with hydrogen sulfide is purified,
regenerated through a heat exchanger and
evaporator, and then returned to the
technological process.

The following main
functions are distinguished:

- hydrogen purification from sulfur
compounds;

- purification and
hydrocarbon gas;

- regeneration and monoethanolamine
solution reuse.

Below, Table 1 shows the minimum and
maximum operating limits of the main process
apparatus, the stabilization column.

technological

stabilization of

Analysis of the control system for the
hydrotreating straight-run benzine process

The technological process of
hydrotreating straight-run benzine is aimed at
preliminary purification of the fraction
obtained from the distillation crude oil
fractions in the temperature 85-180 °C range
and the removal of sulfur, nitrogen, and other
undesirable components by its interaction with
catalytic hydrogen. This process not only
improves the resulting product quality but also
extends the service life of the technological
installations that will be involved in
subsequent production cycle stages. Figure 2
shows a principal scheme for the automation
of the hydrotreating straight-run benzine
process.
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Table 1 — Minimum and maximum limits of operating parameters for the stabilization column

Restrictive condition .
The apparatus Parameters - Unit of measure
Min Max

Consumption of supplied raw 250 360 m3/h
materials

Stabilization top temperature 90 120 °C

column level 5 6.5 M

pressure 2 3.6 kgf/icm?
hydrotreated benzine 93 118 m3/h
consumption
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Figure 2 — Principal scheme for the automation of the hydrotreating straight-run benzine process

The feedstock is fed into the process line
using a pump and is monitored using a FE-1
flow meter, a TE-2 temperature sensor, a QE-
3 quality analyzer and a PE-4 pressure sensor.
The flow value from the pump is dynamically
regulated by an FCV1-type control valve. The
basic automation principle of technological

processes here is that when the actual
measured values deviate from the setpoint
values, the process is intervened in and the
parameters are returned to the optimal mode.
Such parameters are usually called “regulated
parameters”.
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The gas-air mixture, passing through the
heat exchangers, enters the tube furnace after
heating to approximately 304°C. The furnace
outlet temperature (TE-7) is of particular
importance due to the combustion process
sensitivity inside the furnace to external
influences, especially to changes in ambient
temperature. For this reason, the fuel
consumption is controlled by the TCV2
control valve, located on the fuel line entering
the furnace, as a result of which the furnace
outlet temperature is maintained constant. As
a result, the gas-feed mixture enters the upper
reactor part at a temperature of about 374°C.
The hydrotreating process carried out in the
reactor occurs at high temperatures and
pressures. Based on the data from the PE-28
pressure sensor located in the upper reactor
part, the pressure in the reactor is stabilized by
the PCV3 valve located on the gas product
outlet line. The flow value is regulated by the
TCV4 valve on the irrigation line, which is
located at the reactor outlet and recirculates
the product part, maintaining a constant
temperature inside the reactor. This control
cycle type is based on data from the TE-9
temperature sensor. This connection controls
the LCV5 valve, which ultimately maintains
the required optimum level inside the reactor.

The gas product mixture obtained at the
reactor outlet is preheated by entering the
tubular part of the reboiler section for the
stabilization column and then sent to the
stabilization column itself. The flow coming
out of here passes successively through the
W?210 heat exchanger, the raw material cooler,
and enters the separator. The separator is
monitored by the FE-13 flow sensor at the
inlet and the TE-14 temperature sensor inside.
The pressure in the gas main located at the
separator top is regulated by the PCV6 drive.

Internal level control is provided by the LE-16
level sensor and the LCV7 outlet valve. The
monitored  parameters are flow and
temperature, and the controlled parameters are
pressure and level. The liquid product
removed from the separator passes through the
W211 heat exchanger and enters the
stabilization column. The main function of the
column is to separate hydrogen, sulfur
components (mainly H.S), and other light
gases from the gas-liquid mixture. The
pressure is controlled by the PCV8 valve,
connected to the PE-17 pressure sensor at the
column top. To maintain a stable temperature
inside this column, the FE-19 flow meter and
the TCV9 thermoregulating valve are used on
the reflux line. The temperature is monitored
by the TE-18 sensor. The pressure in the
separator outlet line is regulated by the PCV11
valve, located on the V line. Both the quality
and the flow rate of the hydrogen-containing
gas leaving this line are monitored. The liquid
product removed from the tank bottom is
returned to the tank through the LCV10 valve
and the LE-20 level sensor, ensuring internal
level stability. After the hydrogenate
discharged from the stabilization column
bottom passes through the reboiler and heat
exchanger W211, hydrotreated benzine is
obtained. Here, the outlet level is monitored
by the level sensor LE-24 and the valve
LCV12. The result is hydrotreated benzine,
i.e. purified from sulfur and other harmful
components. At the final stage, technological

control over the quality indicators and
consumption of the obtained products
continues.

Thus, within the complex automation
framework for the technological process under
study, monitored, and control of the modes
parameters for the main technological
apparatuses, such as the reactor, furnace,
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stabilization column, separator, and pumps, is
carried out using modern automatic control
systems. These systems guarantee process
efficiency, product quality, and production
safety, and also allow for effective, high-

precision, and stable control with minimal
human intervention. Table 2 shows the
monitored and regulated parameters of the
main technological devices involved in the
process under consideration.

Table 2 — Monitoring and regulation of parameters for the main technological apparatuses involved in the

process under study

Ne Apparatuses Parameters Monitoring Regulating
Consumption + -
at the entrance Pressure * -
1 Pump Temperature + -
Quality + -
at the exit Consumption - +
at the entrance Temperature + -
2 Furnace -
at the exit Temperature +
at the top Pressure - +
3 Reactor inside Temperature - +
at the bottom Level - +
at the entrance Consumption + -
4 Separator at the top Pressure - +
inside Temperature + -
Level +
at the top Pressure - +
. insid Level - +
5 | Stabilization column inside Temperature - "
at the bottom Level - +

Conclusions
Thus, the technological process
occurring in  the straight-run  benzine

hydrotreatment section has been physically
substantiated and analyzed in detail. The
monitored and regulated parameters of the
main  equipment participating in  the
technological process have been set. The main
technological apparatuses in the process under
consideration have been identified and
studied. After detailed research and study of
technological processes occurring in the main
technological apparatuses, the stabilization
column was determined as a significant

control object, in which the target and high-
quality final product are obtained. Based on
the monitored and regulated parameters
(temperature, pressure, flow, level, and
quality), specifying the operating modes of the
technological processes in the apparatus under
study, an effective automated control system
scheme for them was developed.
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