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OPTIMIZATION OF THE PROCESS OF PREPARING
MOTOR FUELS AT REFINERIES

One of the key tasks of modern oil refining in Kazakhstan is the production
of commercial oil products that meet international environmental standards K-4,
K-5. Undoubtedly, this is facilitated by the modernization of primary and secondary
production facilities of refineries, which allows you to expand the range of
commercial products and improve their quality. The compounding process plays an
equally important role in the formation of quantitative and qualitative indicators of
commercial gasoline.

The article considers the main mathematical models for calculating the
preparation of commercial gasoline, the main purpose of which is to select a recipe
that ensures compliance of petroleum products with GOST requirements. The basis
is a mathematical model for calculating the detonation resistance of gasoline, taking
into account the intermolecular interactions of the mixture components. Currently,
the modeling of mathematical models of various oil refining processes is of particular
relevance, since this allows reducing the cost of the experimental part, calculate all
possible scenarios and make the most appropriate choice.

Keywords: the process of compounding commercial gasoline, a mixing device, a
computer modeling system, a high-octane gasoline.

INTRODUCTION

Gasoline compounding is not a universal process for various refineries due to
the variety of oil refining technologies implemented at the enterprises, as well as
the composition of raw materials. Each refinery has its own recipe for cooking from
available intermediates.

Components involved in the compounding process:

— basic components — are carriers of the main properties of the resulting gasoline;

— additives and additives — are used to improve performance indicators.

The most important indicators for developing a commercial gasoline formulation
are the saturated vapor pressure, octane number, and content of components such as
sulfur, benzene, aromatic and olefin hydrocarbons.
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MATERIALS AND METHODS

The main difficulty in calculating the compounding process is that the detonation
resistance is not an additive property, that is, the octane mixing numbers (OCS) of the
flows differ significantly from the weighted sum of the octane numbers (OCS) of the
individual components. The difference between PTS and PTS can be significant and
up to 20 points [3].

The most appropriate and cost-effective ratio of components is found for each batch
of gasoline. This problem is solved using a computer modeling system [2].

The authors of the study [4] claim that the cause of deviations is the presence of
intermolecular interactions between the bonds of hydrocarbons in the composition of
finished petroleum products. These forces of intermolecular interaction depend on the
polarity of the gasoline mixture molecules. The value of the dipole moment can be used
to judge the isomerism and conformation of organic compounds, the configuration of
coordination nodes of complexes, and the mutual influence of atoms and bonds in the
molecule. Since the detonation resistance is an integral characteristic of the reactivity,
which directly depends on the structure of the molecules, the resulting intermolecular
forces will affect the non-additivity of the octane numbers of gasoline mixing.

In conditions of constantly changing raw material composition and catalyst activity,
experimental methods for determining the mixed characteristics of commercial gasoline
are not applicable due to the multi-factor nature of this task. To solve the problem of
multi-criteria optimization of the compounding process, the most effective method is
mathematical modeling with the development and use of computer modeling systems.

Today, there are a number of commercial packages on the market of computer
modeling systems, such as: Aspen Process Industry Modeling System (Aspen PIMS)
of Aspen Technology Inc., Blend Ratio Control (BRC) and Refinery and Petrochemical
Modeling System (RPMS) of Honeywell International Inc. and Blend Optimization and
Supervisory System (BOSS) of Invensys plc., which allow you to optimize the use of
raw materials for mixing. These programs make it possible to automatically calculate
the optimal mixing formula from the economic point of view [5—7]. However, despite
the significant advantages of such programs, their application in some cases is difficult,
due to the fact that calculations often use not the actual properties of certain components,
but the conditional characteristics of mixing, which can lead to significant errors in
calculations and loss of resource efficiency of the compounding process.

RESULTS AND DISCUSSING

In [8], we analyzed the developed mathematical model for calculating the octane
numbers of commercial gasolines, based on the analysis of the reasons for the deviation
of the mixing octane numbers from the additivity [9, 10]. In the practice of compounding,
it has been observed that the more different the molecules of the components to be
mixed, the greater the observed deviations from the behavior of ideal solutions. The
key in the work [8] is considered to be the creation of a database on the octane numbers
of components that make up commercial gasoline. Since the creation of a database
that includes the individual hydrocarbon composition of gasoline is difficult due to the
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multicomponent nature of gasoline, therefore, the aggregation of hydrocarbons into
groups was carried out based on chemical affinity, similarity of structure, detonation
resistance of components, etc.

The authors [11] in their work calculated the cost of gasoline with octane numbers
95, 98 in the Compounding modeling system developed in the Department of chemical
engineering of TPU. The relevance of the work lies in the preparation of gasoline
of a certain recipe, but with a relatively low cost. This was achieved by reducing
the concentration of expensive components, such as MTBE, isomerizate, without
compromising the quality of commercial gasoline.

The authors of the work have increased the efficiency of the gasoline compounding
process by taking into account changes in the composition of raw materials of this
process, which have a significant impact on the quality characteristics of commodity
products [11]. This was achieved thanks to the introduction of the octane number
calculation program «Compounding», with an up-to-date addition in the form of
automated processing of chromatographic analysis data. This led to the creation of an
extended formalized list of 110 hydrocarbon components that make the main contribution
to the formation of the octane number of gasoline using the mathematical modeling
method.

The implementation of this module makes it possible to take into account changes
in the composition of raw materials,as well as to vary the mixing recipes and develop
recommendations for involving different raw materials in compounding. The accuracy
ofthe developed formulations provides savings in expensive components, which allows
the oil refinery to get a significant economic effect.

CONCLUSION
Mathematical modeling remains an urgent issue today, as it has a huge potential
for application not only in compounding, but also in other processes of oil refining and
petrochemistry. In-depth study and implementation of this process will reduce production
costs and improve the quality of commercial petroleum products.
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MO3-JIE MOTOP OTBIHJIAPBIH JAWMBIHJIAY IMPOIIECTH
OHTAMJIAHIBIPY

Kazaxcmannwiy xasipei 3amanaol mynaii oyoeyoiy neeizei Minoemmepiniy 0ipi —
K—4, K=5 xanvikapanvlk 9K0102UsIbIK CMAHOAPMMapaa colkec Keiemin mayapivix
MYHail eHimOepin wwvleapy. bysan mayapavix enimuiy accopmumenmin Kenetimyee
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JHCOHE OHUIY CAnacvblH apmmulpyea MyMKIHOIK 6epemin MO3-0iy bacmankuvl dcone
Kaumanama 6HOIipicmepin dcanebipmy viknan ememiti cozciz. Komnaynoupaey npoyeci
mMayapavix OeH3uHOepOiy CAHObIK HCOHE CANATBIK KOPCEMKIUMEPIH KaTblnmacmuipyoa
ManbI30bl POI AMKAPAOLL.

Maxanaoa mayapivik  OeH3uHOEpOly  OQUbLIHOANYbIH — ecenmeyoiy — Heeisel
MAMeMAmuKaIbly, Moo0envoepi KapacmulpblieaH, OHulY Hezizei MAKcamvl MyHAll
enimoepiniy TOCT mananmapuvina collkecmiciin KaMmMamdacsls ememin peyenmmi
manoay, KOCnacvl KOMHOHEHMMEPIHIY MOIEKYIAapanblK, 03apa  dpeKemmecyit
eckepe ombvipvin, OeH3UHOEPOiy OeMOHAYUATLIK MYPAKMbLIbIZbIH — ecenmeyoiy
Mamemamuxanlk, mooeiine Heziz0encen. Kaszipei yaxpimma MmyHaiiobl 6HOeYOiH
opmypai  NpOYecmepiHiy ~MaAmeMamuKkanblk  MoO0erbOepin  Mooenvoey — epexute
ManbI30bl, OUMKeHi Oyl modicipubenix OONiKmiy KYHblH moMeHOemyee MyMKIHOIK
bepedi, oxuzanapovly OaprblK LIKMUMAT HYCKAAPbIH eCeNMeNi3 JHCoHe ey KOaauavl
HYCKAHbL MAHOAHbI3.

Kinmmi ce30ep: mayapnvlk 6eH3uHOepOi KOMNAYHOUPAEY Npoyec, apailacmuipy
KYPblI2biCbl, KOMHLIOMEPIIK MOOENOEY HCYUEC, Hco2apbl OKMAHObL OEH3UHOEP.

I. K. Ceiumenosa’, P. M. /liocosda?, /1. H. Kaoviakaiioip’, B. B. I'pedenkun’,
JI. M. Boacynosckas®
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STOMCKHIA TIOIMTEXHUYCCKUN YHHBEPCHUTET,
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Martepuan notynui B pegakuuto 29.12.20.

ONITUMM3ALIMA NPOIECCA TPUT'OTOBJIEHUSA
MOTOPHBIX TOIIJINB HA HII3

OOHOUl U3 KMOuebIX 3a0ay CcospeMeHHOU Heghmenepepabomku Kazaxcmana
cUuUmaemcs  6bINYCK  MOBAPHLIX — He(hmenpooyKmos,  COOMBEMCMEYIOUUX
MENCOYHAPOOHBIM  IKOA0cudeckum cmanoapmam K—4, K=5. Hecommenno, smomy
cnocobcmeyem MoOepHU3aYUs NEPEUYHBIX U GMOPUUHLIX npoussoocme HII3, komopas
NO36051em PACUUPUMb ACCOPMUMEHI THOBAPHOU NPOOYKYUU U NOBLICUMD €€ KA1eCmEO.
Ilpoyecc KoMRAyHOUpOBaHusl uzpaem He MeHee BAXCHYIO POb 6 (OopMUPOSaHUU
KOTUYECMBEHHBIX U KAYECMBEHHbIX NOKA3amenell MogapHblX OEH3UHOS.

B cmamve paccmompenvt  ocHosHvle mamemamuueckue Mooem pacyema
NPUSOMOGIEHUsL THOBAPHBIX DEH3UHO8, OCHO8HOE HA3HAYEHUe KOMOpol Nooodpamv
peyenmypy obecneuusaroujeii coomsemcmaue negpmenpodykmos mpeooganusin 1'OCT,
6 OCHOBY NONOIHCEHA MANEMATNUYECKAS MOOEb PACYema 0emoHAYUOHHOU CIOUKOCU
OEH3UHO8 C VUETMOM MENCMOACKYIAPHLIX B3AUMOOCUCMEUL KOMNOHEHmMo8 cmecu. B
Hacmosuee 8pemsi 0CoOVI0 aKMyaIbHOCTb UMeem MOOeIUPOBAHUE MATNEMATNUYECKUX
Mooenell paziuuHblx Npoyeccos HegmenepepadomKy, NOCKOIbKY MO N0380A5Aem
CHU3UMb 3ampamvl HA IKCNEPUMEHMATLHYIO YACMb, NPOCHUMAMb 6Ce B03MOMNCHbIE
sapuanmvl pazeumust coobimull u coeiamv 6blOopHa Hauboiee YerecooOPasHbIlL
8apuanm.

Knrouesvie cnosa: npoyecc KoMnayHOUpo8anust mo8apHvix 6eH3UHO8, CMECUMenbHOe
YCMPOTCMBO, KOMNBIOMEPHASL MOOCTUPYIOWASL CUCHEMA, 8bICOKOOKMAHOBbIE DEH3UHDL.
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