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ABSTRACT

Background: The production of high-octane gasoline meeting stringent environmental requirements
remains an important task for petroleum-refining industries, including Kazakhstan. At the same time,
artificial intelligence and digitalization are increasingly applied to support process design and fuel-quality
prediction.

Aim: To design a combined isomerization-catalytic reforming system for producing Al-92, Al-95,
and Al-98 gasoline grades using an Al-based model for gasoline-quality prediction.

Materials and Methods: Three commercial gasoline grades (Al-92, Al-95, and AI-98) were
characterized by pycnometric density measurement, capillary viscometry, and thermogravimetric
analysis with differential thermal analysis. Linear Regression, k-Nearest Neighbors, and Decision Tree
models were used to predict research octane number (RON). Kinetic models were developed for light-
naphtha isomerization and catalytic reforming, together with material and energy balance calculations,
DIP-column design, and reformate-yield estimation.

Results: The Decision Tree model provided exact RON predictions for the three tested grades
(MAE = 0.00; R? = 1.00). The isomerization unit with DIP recycle produced an isomerate with RON
87.4, while the catalytic reforming unit produced reformate with RON 98.5 at 500°C and a liquid yield
of 85.4 vol%. The calculated blended RON values were 92.1, 95.3, and 98.2 for Al-92, Al-95, and Al-98,
respectively.

Conclusions: The combined process configuration enables the production of the full range of stu-
died gasoline grades by adjusting the proportions of isomerate and reformate in the blending pool.
The Al-based quality model can be used as a supporting tool for defining target octane specifications
during process design.

Keywords: gasoline octane number; atrtificial intelligence; machine learning; isomerization; catalytic
reforming; light naphtha; kinetic model; material balance; energy balance; refinery design.
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OerMHaanoe unccnegosaHue

Pa3paboTka KOMOMHMpPOBaAHHOW YCTaHOBKU U30Mepu3auumn-
KaTanutu4yeckoro pucpopMuHra ans noBbIlWEHUA OKTAHOBOIO Yyucna
6eH3nHa ¢ ucnonb3oBaHUeM MoAenu NPOrHo3npoBaHUA KayecTBa
Ha OCHOBE UCKYCCTBEHHOIO MHTEesJIeKTa

A. Aoguranu, H.E. AlikeHoBa, X. XXaxaHwaeBa
Espasutickuli HayuoHarsnbHbIlU yHugepcumem um. J1.H. l'ymunesa, e. Acmana, KazaxcmaH

AHHOTALMUA

O6ocHoBaHue. [1poM3BOACTBO BbICOKOOKTAHOBOrO GEH3MHA, COOTBETCTBYHOLLErO COBPEMEHHBIM 3KOMO-
rmyeckum TpeboBaHMsAM, OCTAETCHA akTyanbHOW 3apayent HedTenepepabaTbiBaoLle NPOMbILLIEHHO-
cTu, B T.4. KasaxctaHa. OQHOBPEMEHHO UCKYCCTBEHHbIN MHTEMNEKT M LNMEPOBU3aLMS BCE LUMPE NpUMe-
HSIIOTCHA ANS NOAAEPXKKU NPOEKTUPOBAHMS TEXHONMOMMYECKUX NPOLECCOB U NPOrHO3MPOBAHUS KavyecTBa
Tonnmea.

Lenb. Paspabotatb KOMOWHWPOBaHHYID CUCTEMY W30OMeEpU3aLMU W KaTarnmMTUYecKoro pudopmuHra
ans nonyyveHus 6eHsnHoB Al-92, Al-95 n Al-98 ¢ ncnons3oBaHNMeEM MOAEeN Ha OCHOBE UCKYCCTBEHHOMO
WHTEeNMeKTa 4ns NporHo3npoBaHnsa kavectsa 6eH3nHa.

Matepuanbl n metoabl. Tpu ToBapHble Mapku 6eHsuHa (Al-92, Al-95 n Al-98) uccneposanu metoaa-
MU NMUKHOMETPUYECKOTO OMPeaEneHust MOTHOCTW, KanumsipHOW BUCKO3UMETPUN U TEPMOTrPaBUMETPU-
Yeckoro aHanmsa B codeTaHuu ¢ guddpepeHumanbHbiM TeEpMUYECKMM aHanmM3oMm. [nsi nporHo3uposa-
HWUS1 MCCneJoBaTeNbCKOro OKTaHOBOro yucna (aanee — POH) npyMeHsanu nuHenHyo perpeccuto, MeTos
k-6nivkanumx cocegen n Aepeso pelleHuii. Ans nsomepusaummn Né€rkon HadTbl U KaTanuTUYECKOro pu-
dopmMuHra pa3paboTaHbl KWNHETUYECKNE MOAENN C PACYETOM MaTepuanbHOro U aHepreTmyeckoro banaH-
COB, NPOEKTUPOBaHNEM KoNoHHbI W n oueHKkon Bbixoga pudopmara.

PesynbraTbl. Mogenb aepeBa pelueHun obecnedmna To4Hoe nporHosmpoBaHne POH ons Tpéx mccne-
poBaHHbIx mapok (MAE = 0,00; R2 = 1,00). YctaHoBka nsomepusauun ¢ peunpkynsaumen UM obecne-
ynna n3omepusat ¢ POH 87,4, a yctaHoBKka kaTanuTnyeckoro pudopmMuHra — pucopmar ¢ POH 98,5
npu 500°C n BbIxogoMm xugkoro npoaykta 85,4%06. PacyéTtHble 3HaveHuss POH cmeceBbix 6eH3MHOB
cocTtaBunu 92,1, 95,3 1 98,2 ansa Al-92, Al-95 n Al-98 cooTBeTCTBEHHO.

3akntoueHune. KombrHMpoBaHHasi KOHGUrypaums no3BonsieT nornyvatb BeCb paccMaTpyBaeMblii psf
TOBapHbIX OEH3NHOB 3a CYET pEerynMpoBaHUs COOTHOLLIEHNS M3oMepusata U pudopmara B CMECEBOM
nyne. Mogenb NporHo3npoBaHWs KayecTBa Ha OCHOBE WUCKYCCTBEHHOrO WHTEMMEKTa MOXET UCMosb30-
BaTbCsl Kak BCMOMOraTENbHbIN MHCTPYMEHT MpW 3aaHun LiENeBbIX XapakTepuUCTUK OKTAHOBOIO YMcna Ha
aTane NpoeKkTUPOBaHUS.

Krnroyeeble crioea: OKmMaHog8oe 4ucrio 6eH3uHa, UCKYCCMBEHHbIU UHMmeriekm, MawuHHoe
obyyeHue, usomepu3ayusi, Kamanumu4yeckuli pucopMuHe, néaskas Hacpma, KuHemudeckass MoOerib,
mMamepuanbHbil 6anaHc, aHepzemudeckul 6anaHc, rnpoekmuposaHue Hegmenepepabambigarouwiel
ycmaHo8KuU.

Kak umtupoBaTtb:

Abdueanu A., AlikeHosa H.E., KaxaHwaesa K. Pa3paboTka KOMOMHMPOBAHHOW YCTaHOBKU M30MepU3aumm-
KaTanMTMyeckoro pucopMUHra Ans MoBbILEHWUSI OKTAHOBOTO uucna GeH3nHa C UCMofib30BaHUEM MOAEenu
NPOrHO3NPOBaHNsI KayecTBa Ha OCHOBE MCKYCCTBEHHOrO WHTennekta // BecTHuK HedbTerasoBow oTtpacnu
KasaxcTtaHa. 2026. Tom 8, Ne3. C. 106—118. DOI: 10.54859/kjogi109015.
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TynHycka 3epTTey

XacaHabl MHTENnNeKT HerisiHaeri canaHbl 6ormkay moaeniH
nanpanaHa oTblpbIin, 6€H3MHHIH OKTaH CaHbIH apTTbipyfa apHanfaH
n3omMmepusauusa-KatTanuTukanbik pudopMUHrTiH GipikTipinreH
KOHAbIPFbICbIH d3ipney

A. Aopguranu, H.E. AiikeHoBa, X. XKaxaHwiaeBa
J1.H. l'ymunee ambiHOarbl Eypasus ynmmaik yHugepcumemi, AcmaHa Kanacsel, KazakcmaH

AHOATNA

Herizaey. Kasipri akonorusnblk Tanantapfa Caikec KeneTiH Xofapbl OKTaHAbl 6EH3NH eHAipy MyHaw eH-
ney eHepkacibi, CoHblIH, iWwiHae KasakcTaH ywiH ge e3ekTi MiHaeT 6onbin Tabbinagbl. CoHbIMEH KaTap
)KacaHabl MHTENNEKT NeH umdpnanapipy TEXHOMNOrUANbIK yaepictepdi xobanayabl XeHe OTblH canachiH
6ormkayabl kongay yLiH KeHiHeH KongaHbinyaa.

MakcaTtbl. BeH3WH canacblH acaHgbl MHTENMEKT HeridiHaeri Moaenb apKbirbl 6omkay MyMKiHAIMH nan-
nanaxbin, Al-92, Al-95 xeHe Al-98 mapkanapblH eHAipyre apHanFaH nsomepusauus-katanuTukanblk pu-
hOPMUHITIH BipiKTipinreH >xyeciH asipney.

Martepuangap meH agictep. Al-92, Al-95 xaHe Al-98 mapkanapblHblH YL Tayaprblk 6€H3UH YriCiHiH
ThIFbI3ObIFbI  MUKHOMETPUANBIK SAICMNEH, KMHEMAaTUKanblK TYTKbIPMAbIFbl Kanumnspnblk BUCKO3MMETPUS
apiciMeH, an TepMusAnbIK cunarTamanapbl TEPMOrpaBUMETPUAIbIK XaHe AuddepeHumanabik-TepmMu-
ANbIK Tangay apkblibl aHbikTangbl. 3epTTey oKTaH caHblH 6ommkay YLWiH CbI3bIKTbIK perpeccus, k-xakbiH
KepLuinep afici xaHe wWewimaep arawwbl KongaHbingbl. XKeHin HadTaHbl M30Mepu3aumsanay xoHe karta-
NUTUKaNbIK PUOPMUHT YLLIH KMHETUKanbIK Modenbaep a3ipneHin, Matepyangblk XoHe aHepreTukanbik
6anaHcTap ecentengi, AWIM konoHHack! xxobanaHapl xaHe pudopmarT WbiFbIMbl 6aFanaHabl.
Hatumxenepi. Lewimaep arawbl Mmogeni 3epTrenreH yw 6eH3nH mapkacsl ywiH POH maHaepiH gan 6on-
xagbl (MAE = 0,00; R = 1,00). AWM peumnpkynsaumsicel 6ap m3omepusaums koHaplprbickl POH 87,4
OonaTblH n3omepusart, an katanutukanbslk pudopMuHr koHaplpFeickl 500°C Temnepatypaga POH 98,5
XoHe CyWblK eHiM WbiFbiMbl 85,4 kenem.% 6onatbiH pudopmar 6epgi. Kocnansik POH maHaepi Al-92,
Al-95 xoHe Al-98 ywwiH TuiciHwe 92,1; 95,3 xxaHe 98,2 6onaebl.

KopbITbIHAbLI. BipikTipinreH TexHonorusinblk cynba kocna kKypamblHAaFbl n3omepusat neH pudopmar-
TbiH apakaTblHacblH peTTey apKbifbl KapacTbipbinFaH 6eH3VH MapKanapblHbIH TOMbIK KaTapblH eHaipyre
MyMKiHAIK 6epepni. XKacaHabl MHTEeNNeKT Heridingeri canaHbl 6ormkay Mogeni TEXHONorusnbIK xobanay ke-
3eHiHAe MaKcaTTbl OKTaH CaHblH aHblKTayFa apHasfaH KocbiMLa Kypan peTiHae nanganaHbinybl MyMKiH.
Hezizzi ce3dep: 6eH3UHHIH OKMaH caHbl; acaHObl UHMeeKm, MaluHarblK OKbImy; U3oMepu3ayus;
KamanumukarnbiK pughopMUHe; XeHin Hacghma; KuHemukasnblKk MoOerns, Mamepuanoblk 6anaHc; aHep-
eemukarnbik 6anaHc;, MyHall eHOey KOHObIPFbICkbIH xobaray.

[anekceo3 KenTipy yLUiH:

Ab6duranu A., AlkeHosa H.E., )KaxaHwaesa XK. KacaHabl MHTENNEKT HerisiHaeri canaHbl 6omkay mogeniH
navpanaHa oTblpbin, GEH3WHHIH OKTaH CaHblH apTTbipyfa apHanfaH usomepu3aumsi-katanuTykanblk
PUDOPMUHITIH BipikTipinreH KOHAbIPFbICHIH a3iprey // KasakCTaHHbIH MyHan-ra3 canacbliHblH XabapLubiCbl.
2026. 8 Tom, Ne3, 106-118 6. DOI:_10.54859/kjoqi109015.
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Introduction

The production of high-octane gasoline meeting
stringent environmental standards such as Euro-5
represents a major challenge for petroleum-refining
industries worldwide, and particularly in Kazakh-
stan, where refinery modernization programs aim
to phase out legacy low-octane grades (e.g., A-80)
and produce fuels complying with Euro-4 / Euro-5
requirements [1]. At the same time, the rapid devel-
opment of artificial intelligence (Al) and digitaliza-
tion has been declared a strategic national priori-
ty [2].

Within the oil refining sector, two principal tech-
nologies are most widely employed to increase
gasoline octane number: catalytic reforming
and isomerization [3,4]. Catalytic reforming con-
verts naphtha (C,—C,, fraction) into high-oc-
tane reformate by promoting dehydrogena-
tion of naphthenes to aromatics, isomerization,
and dehydrocyclization. The reformate possesses
a high RON of 95-102, making it the primary blend-
ing component for high-octane gasoline grades
Al-95 and Al-98 [4]. However, reformate contains
significant amounts of aromatics and benzene,
which are regulated under modern environmental
legislation [3].

Light naphtha isomerization, in contrast, rearranges
straight-chain Cs/C¢ paraffins into their branched
isomers, producing a sulfur-free, benzene-free,
olefin-free isomerate with RON up to 92 depending
on the process configuration [3, 5, 6]. This makes
isomerate an ideal blending component for the Al-92
grade and a valuable addition to the gasoline pool
for reducing overall aromatics content.

The combination of isomerization and catalytic re-
forming in a single refinery scheme is widely rec-
ognized as the most effective strategy for meeting
the full spectrum of gasoline quality requirements:
isomerization handles the light naphtha fraction
to produce clean Al-92 base stock, while catalytic
reforming upgrades the heavier naphtha fraction to
provide the high-octane reformate needed for Al-95
and Al-98 [3, 5, 6]. This integrated approach maxi-
mizes the utilization of the entire naphtha distillation
range.

Recent advances in machine learning have intro-
duced powerful tools for predicting fuel properties.
Lin, et al., developed a sparse-autoencoder and en-
semble learning framework for predicting octane
loss during hydrotreating [7]. Bounaceur, et al.,
proposed a deep learning model based on quanti-
tative structure—property relationship (QSPR) mod-
eling for RON, MON, and cetane number estimation
[8]. These studies demonstrate that Al can serve
as a reliable surrogate model within the refinery de-
sign loop [7-9].

The objective of this work is to design a combined
isomerization—catalytic reforming system using

an Al-based model to predict gasoline quality.
The specific tasks include: (1) experimental charac-
terization of three commercial gasoline grades; (2)
development and comparison of machine learning
(ML) models for RON prediction; (3) design of a light
naphtha isomerization unit with DIP recycle for Al-92
production; (4) design of a catalytic reforming unit
for Al-95 and Al-98 production; (5) comprehensive
mathematical modeling of both units.

Materials and methods

Three grades of commercial automotive gaso-
line-Al-92, Al-95, and AI-98 were used in this study.
The samples were obtained from petroleum refiner-
ies in Kazakhstan. All samples were stored in sealed
glass containers at ambient temperature prior
to analysis.

The density of each gasoline sample was deter-
mined at 15°C using the pycnometric method in ac-
cordance with ASTM D1298". Kinematic viscosity
was measured at 20°C using a capillary viscometer
following ASTM D4452. All measurements were per-
formed in triplicate.

Thermogravimetric analysis was performed using
a NETZSCH STA 449F3 Jupiter simultaneous ther-
mal analyzer®. Approximately 195 mg of each gas-
oline sample was placed in an open Al,O; crucible
and heated from 30 to 600°C at 10°C-min~" under
an inert atmosphere (N). Thermogravimetric anal-
ysis (TGA) and differential thermal analysis (DTA)
signals were recorded simultaneously. Mass loss
was calculated as:

(1
where m, is the initial sample mass, and m;,
is the mass at the given temperature.

Am =my - my

Three ML algorithms were employed: (1) Lin-
ear Regression, (2) k-Nearest Neighbors (kNN),
and (3) Decision Tree [10-12]. The input features
comprised density (p, g-cm™), kinematic viscosity
(v, mm#:s7"), mass loss (4dm, %), and temperature
(T, °C). The same symbols are used in the regres-
sion equation, so that each feature is identified un-
ambiguously:

0Nza+b1-p+b2-v+b3-Am+b4-T (2)

where ON is the research octane number (-) —
the dependent variable; p is the density of the sam-
ple at 15°C (g-cm™); v is the kinematic viscosity
at 20°C (mm?-s™); Am is the mass loss determined
by TGA at the given temperature (%), Eq. (1);
T is the temperature of the TGA measurement (°C);
a is the intercept and b,—b, are the regression coef-
ficients of the corresponding features, obtained by
ordinary least squares.

" ASTM D1298-12b(2017)e1 Standard Test Method for Density, Relative Density, or API Gravity of Crude Petroleum

and Liquid Petroleum Products by Hydrometer Method

2 ASTM D445-24 Standard Test Method for Kinematic Viscosity of Transparent and Opaque Liquids (and Calculation

of Dynamic Viscosity)

3 Simultaneous Thermogravimetry STA 449 F3 Jupiterto ® Fascinating Flexibility in Thermal Analysis

DOI: 10.54859/kjogi109015
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Models were implemented in Python using scikit-
learn.

For producing Al-92 gasoline, a light naphtha
isomerization unit with DIP recycle was designed.
The isomerization process converts Cs/C¢ paraffins
intobranchedisomersonPt/Al,O;chlorinatedcatalyst.
The DIP column separates isopentane (RON = 92.3)
as a direct blending component, while unconverted
n-pentane is recycled to the reactor [3, 6, 13].

For producing Al-95 and AI-98 grades, a catalytic
reforming unit was designed. Catalytic reforming
converts the heavier naphtha fraction (C,—C,, boil-
ing range 85-180°C) into high-octane reformate
(RON 95-102) through dehydrogenation, isomer-
ization, and dehydrocyclization reactions on a Pt—
Re/Al, O3 bimetallic catalyst [4, 14]. The reformate
serves as the primary blending component for Al-95
and Al-98 grades.

Comprehensive mathematical models were devel-
oped for both process units: (1) isomerization re-
actor kinetics, material / energy balance, and DIP
column design; and (2) catalytic reforming reactor
kinetics, material / energy balance, and reformate
composition prediction. All kinetic parameters (ac-
tivation energies, pre-exponential factors, heats
of reaction) were adopted from the published lit-
erature [3, 13, 15-17, 19]; the origin of every val-
ue is stated explicitly in the notes to Tab. 5 and 8.
No kinetic parameter was fitted to the experimen-
tal data of the present work; the experimental part
of the study (density, viscosity, TGA) was used ex-
clusively for training the machine-learning models
of Section 3.3.

Quantities referring to a reaction (rate r, rate con-
stant k, equilibrium constant Keq,i‘ activation energy
E,, heat of reaction AH ) carry the reaction index i
as a subscript; the indices i = 1-3 to the isomerization
reactions (pentane isomerization, hexane isomeriza-
tion and hydrocracking) and i = 4—7 to the reform-
ing reactions (dehydrogenation, dehydrocyclization,
paraffin isomerization and hydrocracking). Ther-
mal quantities Q carry a word subscript identifying
the stream or the phenomenon (feed, reaction, prod,
loss, heater), and these subscripts are abbreviations
of English words, not numerical indices.

Results and Discussion

The measured properties are presented in Tab. 1.
Density increases from Al-92 (0.7165 g/cm?3)
to Al-98 (0.7265 g/cm?), reflecting higher proportions
of branched and aromatic hydrocarbons. Viscosity
exhibits an inverse trend (1.030 to 0.993 mm?'s).

Table 1. Physicochemical properties
of the gasoline samples

Gasoline Grade | Density, g/lcm® | Viscosity, mm?/s RON
Al-92 0.7165 1.030 92
Al-95 0.7227 1.016 95
Al-98 0.7265 0.993 98

: 10.54859/kjogi109015

Correlation analysis revealed |r] = 0.99 for both
density-RON and viscosity-RON relationships, con-
firming these parameters as reliable input features
for ML models.

Table 2. Temperature-dependent mass loss (%)
for the three gasoline grades

T, °C |Al-92, Am, %|Al-95, Am, % [Al-98, Am, %| Dominant Process
30 0.0000 0.0000 0.0000 [No change

100 0.0701 0.1814 0.0538 |Cs—C, evaporation
150 0.1515 0.3173 0.1019  [C4—C;, evaporation
200 0.2771 0.4379 0.1548 |C,—C,, evaporation
250 0.2971 0.4694 0.1684  |Residual fraction

Al-95 exhibited the highest total mass loss (0.47%
at 250°C), while Al-98 showed the lowest (0.17%),
consistent with its higher content of thermally sta-
ble branched hydrocarbons. DTA curves confirmed
that the major thermal events correspond to evap-
oration of light and medium hydrocarbon fractions
(Cs—Cy) in the 30—200°C range.

Table 3. Predicted octane numbers by the three
machine learning models

Gasoline Grade| Actual |Linear Reg.| kNN |Decision Tree| Best
Al-92 92 91.27 93.50 92.00 DT
Al-95 95 93.28 93.50 95.00 DT
Al-98 98 95.28 96.50 98.00 DT

The Decision Tree model provided exact predic-
tions for all three grades (mean absolute error
(MAE) = 0.00, R?=1.00). Linear Regression showed
systematic underestimation (MAE = 2.15), while kNN
exhibited intermediate performance (MAE = 1.83).
These Al-predicted RON values were used to define
the target specifications for both process units: isom-
erate RON = 87 for Al-92 blending, and reformate
RON 2 95 for Al-95 / Al-98 blending.

Isomerization Unit Design for Al-92 Production
For Al-92 gasoline production, the DIP recycle
isomerization configuration was selected based
on the comparative analysis of process alternatives
(Tab. 4). The DIP recycle provides RON 87-88,
which, when blended with other gasoline pool com-
ponents, is sufficient to meet the Al-92 specification
(RON = 92).

Table 4. Comparison of isomerization
configurations for Al-92 production

Parameter Once-Through | DIP Recycle DIP+DIH
Product RON 83-84 87-88 90-92+
Relative CAPEX 1.0 1.3-1.5 1.8-2.2
Energy (MW) 2-3 6-8 11-14
Complexity Simple Moderate Complex
Number of columns 0 1 (DIP) 2 (DIP+DIH)

DIH — deisohexanizer
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Over a chlorinated Pt/Al,O; catalyst, light naphtha
undergoes two parallel isomerization transforma-
tions that are relevant to the design of the unit: the re-
versible isomerization of n-pentane to isopentane
(2-methylbutane), and the reversible isomerization
of n-hexane to its branched isomers. In paral-
lel, part of the n-hexane is lost to hydrocracking,
an undesirable side reaction that consumes hydro-
gen and reduces the liquid yield of the isomerate.
These three transformations are indexed 1, 2 and 3
in the kinetic model.

The isomerization of n-hexane is not a single step:
it proceeds as parallel monobranching, reactions fol-
lowed by consecutive dibranching reactions. In the ki-
netic model the four branched hexane isomers —
2-methylpentane (2-MP), 3-methylpentane (3-MP),
2,2-dimethylbutane (2,2-DMB) and 2,3-dimeth-
ylbutane (2,3-DMB) — are lumped into a single
pseudo-component, denoted i-C4H;, (abbreviated
i-Cs), whose concentration is the sum of the con-
centrations of the individual isomers. According-
ly, the lumped equilibrium constant Keq, refers to
the overall transformation of n-C¢H;, into i-CsHis
and equals the sum of the equilibrium constants
of the individual monobranching and dibranching
steps [15, 16]. The distribution of the lumped i-Cs
over the individual isomers reported in Tab. 6 (2-MP,
2,2-DMB, 2,3-DMB) was obtained from the thermo-
dynamic equilibrium composition of the hexane iso-
mers at 150°C [13, 16].

The reaction rates were described by pseu-
do-first-order rate equations. In Egs. (3-5) the sym-
bol C denotes the molar concentration (kmol-m™3),
and the subscript identifies the species to which
the concentration refers:

=k - (Cn—C5H12 — CsHyp - Ci—Csle /Keq,l)

@)
(4)
(%)

where r;, r, and r; are the rates the pentane
isomerization, of the lumped hexane isomeriza-
tion and the hydrocracking reaction, respective-
ly (kmol-m™-s7™); k,, k,, k; are the correspond-
ing pseudo-first-order rate constants (s™"); C,, u,,
and C,_y,,are the molar concentrations of n-pentane
and of isopentane; C,. ,, and C. , are the mo-
lar concentrations of n-hexane and of the lumped
hexane isomers defined above, all in kmol-m™; K,
and K,, are the dimensionless thermody-
namic equilibrium constants of the pentane
and of the hexane isomerization reactions. The pre-
fixes n- and i- in the subscripts denote the normal
(linear) and the branched (iso) isomer of the corre-

sponding species, and not a concentration.

r, =k - (Cn—CsHu — CeHyy - Ci—CéHM/Keq,Z)

r3 = k3 - (Cn—CsHH)

The temperature dependence of the rate constants
follows the Arrhenius equation:

ki = A; - exp(- Eq; / (R-T))

(6)

DOI: 10.54859/kjogi109015

where k, is the rate constant of reaction i (s™); 4,
is the pre-exponential factor of reaction i (s™"); E,;
is the activation energy of reaction i (J-mol™);
R = 8.314 J-mol™"-K™" is the universal gas constant;
T is the absolute temperature (K); the index i = 1,
2, 3 refers to the pentane isomerization, the hex-
ane isomerization and the hydrocracking reac-
tion. The numerical values of 4; and E,; are given
in Tab. 5.

Table 5. Kinetic parameters for isomerization on

Pt/Al, O3
E Keq k

Reaction @ | A,s™ |at150°C|at 150°C

kJ-mol™ -1

() (s™)
n-CsH,,— i-CsH,, 1054 [1.35x10°| 2.17 [3.42x107®
n-CeH,— i-C4Hyy 117.2 |2.10x10°| 1.85 [1.87x107
n-C¢H,, — hydrocracking 142.5 [5.60%x10° - 2.15x10™

Note to Tab. 5. Origin of the data. The activa-
tion energies E, and the pre-exponential factors
A for the isomerization of n-pentane and of n-he-

xane over chlorinated Pt/Al,O; were taken
from the experimental kinetic study of Volko-
va, et al. [15], (n-pentane isomerization over

Pt/Al,O;—CI, 130-170°C) and from the industri-
al light-naphtha isomerization model of lvanchi-
na, et al. [16]; the parameters of the hydrocracking
reaction were taken from Mohamed, et al. [13],
Middle East Oil Refinery light-naphtha isomeriza-
tion unit. The equilibrium constants K,, at 150°C
were calculated in the present work from Egs. (7-8),
whose temperature dependences were regressed
from the thermodynamic data reported in [13, 16].
The rate constants k at 150°C were calculated
in the present work from the Arrhenius equation,
Eq. (6), using the listed values of E, and A. For hy-
drocracking the equilibrium constant is not given
(“~") because under the process conditions the re-
action is irreversible. No parameter in this table was
fitted to the experimental data of the present study.

The equilibrium constants were calculated as a fun-
ction of the absolute temperature T (K) from
the van 't Hoff relations obtained by regres-
sion of tabulated thermodynamic data over
the range 100-200°C [13, 16]:

(K1) = 1580/T - 130

@)
(8)

The reactor was modelled as an isothermal plug-
flow reactor; the molar flow rate  of each species
changes along the catalyst bed according to:

an—CSHn/dW =

n(Koqq) = 1420/T - 1.12

-n

9)

dFi_c, /AW = +1

AFpeco, /AW = — 13 )
10

dFi_co, /AW = +7,

where F, is the molar flow rate of species j (kmol-h™),
the subscript j identifying the species, and W
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is the mass of catalyst counted from the reactor inlet
(kg)-

These ordinary differential equations were solved
using the Runge—Kutta fourth-order method.
The material balance was calculated for a feed
of 5,000 bpd of light naphtha (Cs/Cs fraction).

Table 6. Material balance of the isomerization
unit (DIP recycle) for Al-92

Component F\zﬁ,}:’ F:lzd, Pr;?;ft’ Prot;;i:ct, RON
i-C, 22.0 147.4 46.2 309.5 92.3
n-C, 28.0 187.6 5.1 34.2 61.7
Cyclo-C, 3.0 20.1 34 22.8 101.3
n-C, 19.0 127.3 11.0 73.7 24.8
i-C, (2-MP) 12.0 80.4 15.3 102.5 73.4
2,2-DMB 3.0 20.1 9.4 63.0 91.8
2,3-DMB 4.0 26.8 53 355 104.3
MCP+Benzene 5.0 335 24 16.1 91.0
C,, 4.0 26.8 1.9 12.7 42.0
Total 100.0 | 670.0 100.0 670.0 87.4

Note to Tab. 6. The feed composition corre-
sponds to the Cs/C,4 light-naphtha cut of the at-
mospheric distillation unit [13]; the product com-
position was calculated in the present work from
the kinetic model, Egs. (3—10), for a DIP recycle
ratio RDIP = 0.65. The blending research oc-
tane numbers RONi listed in the last column are
pure-component blending values taken from the liter-
ature [4, 13]; the value in the “Total” row is the blend-
ed RON of the stream calculated from Eq. (11).

The research octane number of the isomerate was
calculated by linear blending on a mass basis:

RONy,oq =X (x; - RON;) = 87.4

()
where RON, , is the research octane number
of the isomerate leaving the unit (-); x, is the mass
fraction of component i in the isomerate (-), taken
from the column “Product (wt%)” of Tab. 6; RONi
is the blending octane number of the pure compo-
nent i (-), last column of Tab. 6; and the summation
is carried out over all components i of the prod-
uct stream. The subscript prod (product) denotes
the stream leaving the unit, as opposed to the sub-
script feed used for the stream entering it.

With a DIP recycle ratio R ,= 0.65 (i.e. 65% of the un-
converted n-pentane separated in the DIP column
is returned to the reactor), the total mass flow rate
at the reactor inlet is G, = 670 + 0.65 - 187.6 =791.9
t-d™ = 33.0 t-h™', where G, is the reactor feed in-
cluding the recycle. The corresponding molar flow
rates at the reactor inlet are F, = 178.7 kmol-h™
(309.5 t-d™* of n-pentane, fresh feed plus recy-
cle, M = 72.15 g'mol™) and F, ¢y, = 61.5 kmol-h™
(127.3 t-d™" of n-hexane, M = 86.18 g-mol™);
these values are used in the heat balance below.

The steady-state energy balance of the isomer-
ization reactor was written in the following form,
in which every term is an enthalpy or a heat flow
expressed in kW:

Q/eed + (1 2)

= Qprod * Qloss

Qreaction

where the subscripts are abbreviations of English
words (and not numerical indices), namely:

Q. (feed) — the enthalpy flow of the stream entering
the reactor, counted from the reference temperature
=25°C, kW;

ecion (F€ACtiON) — the heat released by the exother-
mlc isomerization reactions inside the reactor, kW;
it appears on the left-hand side of Eq. (12) because
for an exothermic process the reaction is a heat
source;
Q,,,¢ (product) — the enthalpy flow of the stream leav-
ing the reactor, kW;
Q.. (losses) — the heat lost to the surroundings
through the reactor wall and the insulation, kW, tak-
en as 2% of @, for a thermally insulated adiabatic
reactor.

The individual terms were calculated as Qpog= Gp'C,
(T,-T,)andQ,,..,=ZF X:|4H, |, where G, |sthe mass
flow rate of the reactor feed including the recycle
(kg'h™), ¢, = 2.22 kJ-kg™K™" is the mean specif-
ic heat capacity of the light naphtha, T, = 150°C
is the reactor inlet temperature, F, is the molar flow
rate of reactant j at the reactor inlet (mol-h™), X is
its conversion (-), and 4H,, is the heat of the corre-
sponding isomerization reaction (kJ-mol™).

The heats of the isomerization reactions are

exothermic and were taken from [15,16]:
AH, (n - CH, — i-CH,= -6.86 kJ-mol™
andAH L,(n- C6H14—’1 C,H,=-8.37 kJ-mol™, the neg-

ative S|gn denoting heat release. With the con-

versions X, = 0.75 (n-pentane, with recycle)
and X, = 0.60 (n-hexane):
Q= Focony, © X1+ |AH, 4| = 178.7
103 x 0.75 X 6.86 = 9.19- 105 kJ (13)
ht = 2554 kW
Q= Facon,,* X2+ |AH,|
= 1787-10%x 0.75 X 6.86 = 9.19 (14)
“105kJ - h™* = 255.4 kW
Qreaction = Q1 + Q; = 255.4 + 85.8 = 341.2 kW (15)
Qfeea = Gr-¢p- (Tin - ref)
= = 33.0-10®x 222 x (150-25) (16)
= =9.16-10°k/ - h™* = 2544 kW
Quoss = 0.02 - Qpeeca = 50.9kW;
(17)

Qproa = Qeeca t Qreaction = Quoss = 2834 kW

Because the isomerization reactions are only
mildly exothermic, the heat released is small
compared with the sensible heat of the feed
(Qrepetion/ Qeq = 0-13). The adiabatic temperature rise
of the catalyst bed is therefore:
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AToq = Qreaction / (Gr* ) = 1.228-10°/(33.0
-10% x 2.22) = 16.8°C

so that the outlet temperature of the reactor is about
167°C for an inlet temperature of 150°C. The reactor
therefore operates under quasi-isothermal condi-
tions: the temperature rise remains well inside the op-
erating window of the chlorinated Pt/Al,O; catalyst
(140-180°C), no inter-stage cooling is required,
and the shift of the thermodynamic equilibrium
of Egs. (7-8) caused by AT, reduces the equilibrium
yield of isopentane by less than 2 rel.%. This result
is consistent with industrial data for C5/Cs; isome-
rization units, for which adiabatic temperature rises
of 10—25°C are reported [13, 16].

(18)

The DIP column separates |sopentane as the over-
head product (mole fraction x”. _CoHy, 2 0.95) from
the C¢. bottoms (xl csHy, S 0.05). Here the super-
scripts D and B denote the distillate and the bottoms,
respectively. At the average column temperature
of 65°C the relative volatility of the key pair i-CsH;,/
n-CsHyz is a=1.21.

The minimum number of theoretical stages was ob-
tained from the Fenske equation [17]:

=In[(x"/(1-x")) - ((1-xP)
/xB)] /Ina = In[(0.95
/0.05)%] / In(1.21) = 30.9 ~ 31

mm

(19)

where N is the minimum number of theoretical
stages at total reflux (-), x* and x? are the mole frac-
tions of the light key (isopentane) in the distillate
and in the bottoms (-), and a is the relative volatility
of the key pair (-).

The minimum reflux ratio calculated by the Under-
wood method [17] is R, . = 5.8; the operating re-
flux ratio was set at R = 1.3-R = 7.54, where
the subscript r denotes reflux (R without a subscript
is reserved for the universal gas constant, and R
for the recycle ratio of the unit).

The actual number of theoretical stages obtained
from the Gilliland correlation [17] is N = 52; with
an overall tray efficiency of 75%, the number of actu-
altraysis N, = 70.

The column diameter at 80% of flooding
is D, = 5.0 m. The column height was calculated
as=N_ h+h,=70%0.6+5.0=47.0m,where h,=0.6
m is the tray spacing and h = 5.0 m is the allowance
for the sump and the vapour disengagement space.

DIP

Table 7. Design parameters of the isomerization
reactor and DIP column

Parameter Value

Isomerization Reactor

Reactor type / catalyst Fixed-bed / Pt/Al,O; (Cl)
235mx7.05m
18.45t
150°C / 25-30 bar

2.0h™/0.05-0.10

Reactor diameter x length

Catalyst mass

Temperature / pressure

LHSV / H,:HC ratio

Parameter Value
n-Cs conversion (with recycle) 75%
Deisopentanizer Column
Diameter / height 5.0m/47.0m
Actual trays / tray spacing 70/0.6m
Reflux ratio nion.54
Operating pressure 2.5 atm
Reboiler / condenser duty 6.8 MW /6.5 MW

LHSV - liquid hourly space velocity, h™

Catalytic Reforming Unit Design for AI-95
and AIl-98 Production

Catalytic reforming converts the heavy naphtha frac-
tion (C,—C4,, boiling range 85-180°C) into high-oc-
tane reformate through four main reaction types
on a Pt-Re/Al,O;z bifunctional catalyst: (a) de-
hydrogenation of naphthenes to aromatics;
(b) isomerization of paraffins and naphthenes;
(c) dehydrocyclization of paraffins to aromat-
ics; and (d) hydrocracking (undesirable) [4, 11].
A semi-regenerative fixed-bed configuration with
three reactors in series was selected.

The main reactions and their kinetic expressions ad-
opted for the four reaction families are given below.
Dehydrogenation of naphthenes, represented
by the conversion of cyclohexane to benzene
AH,, =206 k] -mol™". Its rate was described
by a Langmuir—Hinshelwood expression, in which p
denotes the partial pressure (atm) and the subscript
identifies the species:

7y = ko (Dn=Da " ity /Keqa) /(1 + Ka - pa+ Ky - px) (20)

where r, is the rate of the dehydrogenation reaction
(kmol-kgcat™-h™); k, is its rate constant (kmol-kg-
cat™-h™-atm™); p,, p, and p,, are the partial pres-
sures of the naphthene (cyclohexane), of the aroma-
tic (benzene) and of hydrogen, respectively (atm);
KE .+ is the equilibrium constant of that reaction
(atm3) and K, and K, are the adsorption equilibri-
um constants of the aromatlc and of the naphthene
on the catalyst surface (atm™). The subscripts N and
A therefore denote a class of hydrocarbons (naph-
thene, aromatic), whereas the subscript eq denotes
a thermodynamic equilibrium constant.

Dehydrocyclization of n-heptane to toluene is likewi-
se strongly endothermic (4H,s = +264 kJ - mol™);
its rate was taken as first order in the paraffin:

75 = ks - Dnec,Hye (21)

Isomerization of n-paraffins, represented by the mod-
el reaction of n-heptane to its branched isomers
(2-methylhexane, 3-methylhexane, 2,3-dimethylpen-
tane and 2,4-dimethylpentane), lumped into the pseu-
do-component i-C H,; it is only mildly exothermic
(4H,, ~ -8 kJ-mol™?).

Te =ke- (Pn—cmlﬁ‘Pi—@Hls/Keq,a)

(22)
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Hydrocracking of paraffins, to lighter products
is an undesirable reaction that lowers the liquid yield
4H,_,=-45 kJ-mol™*:

17 = k7 Dn-c,nyq " PH, (23)
where r, - r, are the rates of the dehydrocycliza-
tion, of the paraffin isomerization and of the hy-
drocracking reaction (kmol-kgcat™-h™), k, - k,
are the corresponding rate constants; p . ,
and p__ ¢, e are the partial pressures of n-heptane
and of the lumped branched heptane isomers
(atm); pH. is the partial pressure of hydrogen (atm);
and K, . is the equilibrium constant of the paraffin
isomerization reaction (). All partial pressures refer

to the gas phase at the reactor conditions.

Table 8. Kinetic parameters for catalytic reforming
on Pt-Re/Al,O;

Reaction kJ-fr?bl“ K Jf':(rsl_1 K,y at 500°C | k at 500°C
Dehydrogenation 125.5 206 5.8x10* 8.4x1072
Dehydrocyclization| 159.0 264 3.2x10° 1.2x1072
Isomerization 108.0 -8 1.45 5.1x1072
Hydrocracking 220.0 —45 - 3.5x107

Note to Tab. 8. Origin of the data. The activa-
tion energies E, of dehydrogenation, dehydrocy-
clization, isomerization and hydrocracking over
Pt-Re/Al,O; were adopted from the classical ki-
netic scheme of Smith [18] and from the naph-
tha-reforming kinetic model of Ancheyta-Juarez
and Villafuerte-Macias [19]; they are consistent
with the industrial reformer model of Rahim-
pour, et al. [20]. The heats of reaction 4H_are stan-
dard values calculated from the tabulated enthalpies
of formation of the species involved and referred
to 500 °C [4, 19]. The equilibrium constant of dehy-
drogenation K, , at 500°C was calculated in the pres-
ent work from Eq. (24); the equilibrium constants
of dehydrocyclization and of isomerization were cal-
culated from the corresponding van 't Hoff relations
with the thermodynamic data of [18, 19]. The rate
constants k at 500°C were calculated in the pres-
ent work from the Arrhenius equation, Eq. (6),
and are expressed in kmol-kgcat™-h™"-atm™,
the pressure order n being that of the correspon-
ding rate expression, Eqgs. (20—23). For hydrocrac-
king no equilibrium constant is given (“-") because
the reaction is irreversible under the process
conditions. As in Tab. 5, no parameter was fitted
to the experimental data of the present study.

The equilibrium constant of the naphthene dehydro-
genation reaction was calculated from the van 't Hoff
relation, with T in K:

In(Keq4) =-24800/T + 43.05 (24)
where the coefficient 24800 = AH, /R
(with AH = 206 kJ-mol™) and the constant
43.05 = AS /R (with AS 358 J-mol™-K™,

the standard’ entropy change of that reactlon
which is strongly positive because four moles of gas

114

DOI: 10.54859/kjogi1 09015

are formed from one) [18, 19]. At the design tempera-
ture of 500°C (773 K) Eq. (24) gives K, , = 5.8:10*
atm?, so that the equilibrium the reactlon is shifted
almost completely towards the aromatic product,
which is the thermodynamic basis of the high octane
number of the reformate.

The catalytic reforming unit processes 6,000 bpd
of heavy naphtha (C,-C,, fraction). The feed
and product compositions are presented in Tab. 9.

Table 9. Material balance of the catalytic reforming

unit

Component F;;/d“, F(telzd, Ref:lrtr:/:ate, Refot;:late, RON
Paraffins (C;—Co) 45.0 |1369.0 18.2 127.4 45-65
Naphthenes 35.0 (287.0 53 371 75-85
Aromatics (in feed) | 12.0 | 98.4 62.5 437.5 100-120
Light gases (C;—C4)| 0.0 | 0.0 8.0 56.0 -
H, produced 0.0 | 0.0 3.0 21.0 -
LPG (Cs-Cs) 0.0 | 0.0 3.0 21.0 -
Other 8.0 | 65.6 0.0 0.0 -
Total 100.0(820.0( 100.0 700.0* 98.5

LPG - Liquefied Petroleum Gas.

Reformate yield = 85.4% (liquid volume); 14.6% converted to gases
and hydrogen

Note to Tab. 9. The feed composition
is that of the C,-Cy heavy-naphtha cut [4];
the reformate composition was calculated in the pre-
sent work from the kinetic model, Egs. (20-24),
at a reactor inlet temperature of 500°C. The rang-
es of blending octane numbers in the last column
are pure-group values taken from the litera-
ture [4, 14].

The research octane number of the reformate was
calculated by linear blending on a mass basis,
in the same way as for the isomerate, Eq. (11):
RONyeformate =X (x; - RON;) = 985 (25)
where x, is the mass fraction of the group of com-
ponents i in the reformate (-) and RONi is the mean
blending octane number of that group (-), both taken
from Tab. 9; the light gases, the LPG and the hyd-
rogen are excluded from the summation, since
they do not remain in the liquid reformate.
The high aromatic content (62.5 wt%) in the refor-
mate provides the high RON necessary for blending
into Al-95 and Al-98 grades. By adjusting the re-
former severity (reactor temperature), the reformate
RON can be tuned: at 490°C, RON = 95 (suitable
for AI-95 with blending); at 510°C, RON = 100
(for Al-98 blending). Higher severity increases aro-
matic yield but reduces liquid yield and catalyst life-
time [4].
Catalytic reforming is strongly endothermic overall,
being dominated by dehydrogenation and by de-
hydrocyclization. The steady-state energy balance
of the three-reactor system, with all terms expres-
sed in kW, was written as:
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Qfeed * Qpoater = med * Qreaction™ Qioss (26)

where the subscripts, as in Eq. (12), are abbrevia-
tions of English words:

Q.. (feed) — the enthalpy flow of the heavy-naphtha
feed entering the reactor section, kW;

Q... (heater) — the total heat duty supplied
by the fired heaters, i.e. the charge heater plus
the two inter-stage reheaters, kW;

Q,,,, (product) — the enthalpy flow of the reactor efflu-
ent leaving the third reactor, kW;

Q,..ion (reaction) — the net heat consumed by the en-
dothermic reforming reactions, kW; unlike Eq. (12),
this term appears on the right-hand side, because
for an endothermic process the reaction is a heat
sink and not a heat source;

Q,, (losses) — the heat lost from the reactors,
the transfer lines and the heaters to the surround-
ings, kW, taken as 3% of Q, .-

The net heat of reaction per mole of converted feed
was estimated from the contributions of the four re-
action families:

AHpperan = Xy 'AHr,4 + Xpuc * AHR,S + Xiso * AHr,G + Xne

-AH,, (27)
where AH_  is the net heat of reaction per mole
of feed converted (kJ-mol™); AH_, AH ., AH

and AH,, are the heats of the dehydrogenation, de-
hydrocyclization, paraffin isomerization and hydroc-
racking reactions (kJ-mol™, Tab. 8); and x,, x,,.. X,
and x,,. are the mole fractions of the feed converted
by dehydrogenation of naphthenes (N), by dehy-
drocyclization (DHC), by isomerization (ISO) and by
hydrocracking (HC), respectively (-). These four sub-
scripts denote reaction families and not individual
species.

For the feed composition of Tab. 9 (45 wt% paraffins,
35 wt% naphthenes, 12 wt% aromatics), the con-

verted fractions are x, = 0.35, x,,,. = 0.20, x,,, = 0.10
and x,. = 0.05, which gives:
AHoperqn = 0.35 X 206 + 0.20 x 264 + 0.10
x (-8) + 0.05 (28)

X (-45) = +121.9 k] - mol™*

The positive value confirms that the process is a net
heat consumer, so that the heat withdrawn from
the gas by the reactions has to be restored by in-
ter-stage reheating between the reactors.

The endothermic nature requires inter-stage reheat-
ing. With three reactors, the temperature profile:

Reactor 1 inlet: 500°C — outlet: 430°C (AT =-70°C)  (29)
Reactor 2 inlet: 500°C — outlet: 455°C (AT =-45°C)  (30)
Reactor 3 inlet: 500°C — outlet: 475°C (AT =-25°C)  (31)

The decreasing temperature drop reflects the shift
from fast dehydrogenation (Reactor 1) to slower de-
hydrocyclization and isomerization (Reactors 2-3).
The total duty of the fired heaters required for the in-
ter-stage reheating is:

Qneater
=Gy, LA, = 34.2
103 x 2.35 (32)

X (70 + 45 + 25) /3600 = 3126 kW ~ 3.1 MW

where @, .. is the inter-stage reheating duty (kW)
G, = 820 td™ = 34.2 t-h™" is the mass flow rate
of the fresh heavy-naphtha feed (the subscript
F denoting the fresh feed of the reforming unit);
¢, = 2.35 kJ'kg™'K™ is the mean specific heat ca-
pacity of the heavy naphtha; AT, is the temperature
drop across reactor i, Egs. (29-31); and the factor
3600 converts kd-h™" into kW. The feed preheating
duty from 25 to 500°C is accounted for separately
in Tab. 10.

Table 10. Heat balance of the catalytic reforming

unit
Heat Component Value (MW) Notes

Feed preheat (25—500°C) 10.6 Fired heater
R1—-R2 interheat 1.4 Fired heater
R2—R3 interheat 0.9 Fired heater
R3—Stabilizer interheat 0.8 Fired heater
Total fired heater duty 13.7

Product cooling 5.2 Air + water coolers

Table 11. Design parameters of the catalytic
reforming reactor system

Parameter Value
Configuration 3 reactors in series (semi-regenerative)
Catalyst Pt-Re/Al,O; (bimetallic, 0.25% Pt, 0.25% Re)
Total catalyst mass 32.5t(R1:5.0, R2: 10.0, R3: 17.5)
Catalyst distribution 15% / 30% / 55%
Reactor inlet 490-510°C
temperature
Operating pressure 15-25 bar
WHSV 1.5h™
Hz/HC molar ratio 5-7
Reactor diameters
(R1/R2/R3) 20/25/30m
Reactor lengths
(R1/R2/R3) 32/41/50m
Reformate RON
(at 500°C) 985
Reformate liquid yield 85.4 vol%
H, production 21 t/d (by-product)

WHSV — weight hourly space velocity, h™

The final gasoline grades are produced by blend-
ing the isomerate and reformate with other refinery
streams:

Table 12. Gasoline blending scheme for Al-92,
Al-95, and Al-98 production

component | RoN | Lok | ol | Vot
Isomerate 87.4 55 20 10
Reformate (low severity) | 95.0 30 45 0
Reformate (high severity)| 100.0 0 15 65
FCC naphtha / alkylate 92-96 15 20 25
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G Al92, | Al95, | Ale8, | (E = 105.4 kJ-mol™ for n-C_H  material and heat
omponent RON 5 5 5 a X 512

vol% vol% vol% balances showing that the reactor operates under

Blended RON 92.1 95.3 98.2 quasi-isothermal conditions (adiabatic temperature

The blending analysis confirms that the combina-
tion of isomerate (RON 87.4) and reformate (RON
95-100) provides the necessary octane quality for
all three gasoline grades. The isomerate contributes
the majority of the Al-92 blend (55 vol%), while refor-
mate is the primary component for Al-95 (60 vol%)
and AlI-98 (65 vol%) production.

Conclusion

This study demonstrated the design of a combined
isomerization-catalytic reforming system for produc-
ing the full spectrum of commercial gasoline grades,
integrated with an Al-based quality prediction model.
The main findings are:

Physicochemical characterization of three commer-
cial gasoline grades (Al-92, Al-95, Al-98) revealed
strong correlations between density, viscosity, and
octane number (|r] = 0.99), confirming these parame-
ters as reliable ML features. The Decision Tree mod-
el achieved exact RON predictions (MAE = 0.00,
R2? = 1.00) for all three grades.

A light naphtha isomerization unit with DIP recycle
was designed for Al-92 production. The mathe-
matical model includes pseudo-first-order kinetics
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rise AT ,=16.8°C, i.e. an outlet temperature of about
167°C, within the operating window of the chlorinat-
ed Pt/Al,O; catalyst), and a Fenske—Underwood—
Gilliland design of the DIP column (70 actual trays,
D _=5.0m, R = 7.54). The isomerate RON = 87.4
serves as the primary blending component for Al-92
gasoline.

A catalytic reforming unit with three semi-regen-
erative reactors was designed for Al-95 and Al-98
production. The kinetic model includes Langmuir—
Hinshelwood dehydrogenation kinetics and as-
sociated material / heat balances. The reformate
RON = 98.5 at 500°C with 85.4% liquid yield pro-
vides the high-octane base for Al-95 (blended RON
95.3) and Al-98 (blended RON 98.2).

The gasoline blending analysis demonstrated
that the full range of commercial grades can be pro-
duced by adjusting the proportions of isomerate,
low-severity reformate, and high-severity reformate
in the blending pool.

Future work should expand the ML training dataset,
validate the mathematical models through Aspen
HYSYS simulation, and optimize the blending strate-
gy through multi-objective optimization.

AONONHUTENBbHO

UcTouyHuK cbmHaHCcMpoBaHMA. ABTOPbLI 3a8BNSAOT
06 OTCYTCTBMM  BHELUHEro  ¢puMHaHCMpOBaHWSA
npu NPoBeAeHVN NCCNEefoBaHNs.

KoHdnukt wuHTEpecoB. ABTOpbl Aeknapupylt
OTCYTCTBME SIBHbIX W MOTEHUMAnbHbIX KOH(IUKTOB
MHTEPecoB, CBA3aHHbIX C Nybnukalmen HacTosLen
cTaTbu.

Bknag aBTopoB. Bce aBTOpbl noaTBeEpxaaloT
COOTBETCTBME CBOEr0 aBTOPCTBA MEXAYyHapOAHbIM
kputepuam  ICMJE  (Bce  aBTOpbl  BHecnu
CYLEeCTBEHHbIN BKMag B paspaboTky KoHLenuum,
npoBefeHne WCCnefoBaHUst U NOArOTOBKY CTaTbw,
npoyunu n opobpunu uHanbHyl Bepcuio nepen
ny6nukauven). Hanbonblumn Bknag pacnpenenéx
cnegywowum obpasom: Abguranm A. — akcne-
pUMeHTanbHas XapakTepucTuka obpasuoB 6OeH-
3uHa, paspaboTka Mogene MalMHHOTO  Oby-
YeHWst 1 NOoAroToBKa NEPBOr0 BapuaHTa PyKoOMucy;
AiikeHoBa H.E. — paspabotka meToguku mate-
MaTU4Yeckoro MOAEenuMpoBaHus, BbIOOp U cuc-
TemMaTm3auma KMHETMYeCKUX napameTpoB, nNpo-
eKTHble pelleHnss W  HayyHoe pPyKOBOACTBO;
>KaxaHwaesa XK. — pacyét matepuanbHbIX U 3HEp-
retmdeckux 6GanaHcoB, aHanu3 pesynsTatoB Ma-
TEMaTM4eckoro  MoAenMpoBaHus, noaroToBka
Tabnuy u rpaduyecknx matepmanos, AopaboTka
pykonucu.
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