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OPTIMIZATION OF THE OPERATION OF AN ISOMERIZATION
INSTALLATION FOR LIGHT PETROL FRACTIONS
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The interest in this process lies in the fact that it has great value since low-octane components are used as raw
materials - the n fraction. temperature — 62 °C and catalytic reforming raffinates. This raw material contains
mainly pentane and hexane fractions. This raw material, as well as fractions C5 and C, obtained from a gas
fractionation unit (GFU), and a central gas fractionation unit (CGFU), are isomerized in a hydrogen environment
in the presence of a catalyst. Hydrocarbons with a relatively high octane number are obtained. When isomerizing
the pentane fraction, a product with a higher octane number is obtained. Isomerization of n-pentane is of interest
not only for the oil refining industry, but also for the petrochemical industry, since isopentane can be converted
by dehydrogenation into isoprene, a raw material for rubber. The article conducted a study on the selection of the
optimal catalyst for the light gasoline fraction isomerization unit located at the Atyrau Oil Refinery. The catalytic
activity of the catalyst samples was assessed in a laboratory flow-type installation. Determination of the mass
fraction of C,-Cs hydrocarbons in Cs hydrocarbon fractions (in raw materials and catalyst) was carried out by a
method based on the separation of mixture components by gas-liquid chromatography. The components leaving
the chromatographic column were detected using a thermal conductivity detector. The calculation of the mass
fractions of components was carried out using the normalization method, taking into account correction factors.
The minimum concentration of C,-Cy hydrocarbons, determined by the method used, is 0.01-0.05% wt.

Key words: isomerization process, catalyst, fraction, isomerate, chromatographic study, motor gasoline, isomerization
unit.
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WHTepec K JaHHOMY IIPOLIECCY 3aKII0YAETCs B TOM, YTO OH UMeeT OOJIBIIYIO LIEHHOCTb TaK, KAK B KAYECTBE ChIPbS
HCIIONB3YIOTCSI HU3KOOKTAHOBbIE KOMIIOHEHTHI — (ppakius H. K. — 62 © C 1 papuHaThI KATATUTHYECKOTO PUBOPMUH-
ra. B 3ToM chIpbe COOepKUTCS B OCHOBHOM IIEHTAHOBAs U TeKCaHOBas (ppakuu. ITO ChIpbe, a Takxke dpakiu Cs
n Cg, nomydaemsle ¢ razodppakiponupymomnieil ycranoBku (I'®Y), u neHTpanbHas razodpakIMoHMpyIOIIas ycTa-
HoBKa (LII'®Y), nzomepusyiorcs B cpelie BOIOpOna B MPUCYTCTBUM KataymzaTtopa. [lomydaor yrieBogopoasl co
CPaBHUTEIBHO BBICOKMM OKTaHOBBIM UHCIOM M30CTpoeHus. [Ipu n3omepusayu MeHTaHOBOW (PpakIliM MOJTyda-
I0T IIPOAYKT C 00Jiee BHICOKMM OKTAHOBBIM YMC/IOM. 30Mepu3aliyisl H-IIeHTaHa MpeJCTaBiIseT UHTEpeC He TOIbKO
IJ1s1 HedpTenepepadaThIBaoIIei, HO M 151 He(PTEXUMUYECKON ITPOMBIIUIEHHOCTH, TaK KaK M30MEHTaH AeruIpHpo-
BaHMEM MOXHO IPEBPaTHTh B U30IMpPEH — ChIpbe Ul KayuyKa. B craThe mpoBeneHo MccieJOBaHue Mo Mogoopy
OINTMMAJIBHOTO KaTaJIn3aTtopa AJs YCTAaHOBKM M30MEPU3AlNK JIETKUX OCH3MHOBBIX (DPaKIMH, PacIoNIOXKEHHON Ha
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ArtbipayckoM HII3. OnieHKy KaTaanTH4eckol akTHBHOCTH 00pa3lioB KaTajau3aTopa MPOBOIMIINA Ha JJa00OPAaTOPHOM
yCTaHOBKe MpoToyHoro tuma. Onpenenenne maccoBoil gomu C,-Cs -yrmeBogoponoB B Cs—(paknusax yriaeBojao-
POIOB (B ChIpbE U KaTaau3aTe) MPOBOAWIN METOIOM, OCHOBAaHHOM Ha pa3/IeJIeHNH KOMIIOHEHTOB CMECH METOJIOM
ra30XkMAKOCTHOH Xpomarorpacpun. PUKCHpOBaHUE KOMIIOHEHTOB, BBIXOIAIIMX U3 XpOMaTOrpaudecKoil KOIoH-
KU, MIPOU3BOJIIIM C IOMOIIBIO AETEKTOpa MO TEIUIONPOBOAHOCTH. PacueT MaccoBBIX H0sell KOMIOHEHTOB MPOU3-
BOZIVJIM METOJIOM HOPMHPOBAHHS C YUETOM MOMPABOYHBIX KO3(ppHLIMEeHTOB. MMHMMasbHAsT KOHIIEHTpALs yIJle-
Booponos C,-Cs, onpezesnsieMas 1o HCronb3yeMoi Metoauke, coctapiser 0,01-0,05 % macc.

KuroueBble ci10Ba: nporiecc N30MepH3alny, KaTatu3arop, hpakiys, H30Mepar, Xpomarorpaduieckoe nuccie-
JOBaHKe, aBTOMOOMIIbHBIM OCH3WH, YCTAHOBKA N30MEpH3alnH.
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By mpoliecke fereH KbI3bIFYIIBUIBIK OHBIH KYHABUIBIFBI KOFApbl, OUTKEHI IIUKi3aT PETiHAE TOMEH OKTaHJIbI
KOMIIOHEHTTEP KOJIAAHBUIABI-H. K. (ppakiuschl — 62 °C xoHe KaTaJUTUKAJbIK PUDOPMUHT Ta3apTKbIITAphl. By
IIMKi3aTTa Heri3iHeH NeHTaH jkKoHe rekcaH (ppakuusuiapel 6ap. by mmkizar, conpaii-ak 'K xone OI' OK-nen
anpiarad Cy koHe Cg (ppakuusAnapbl KaTalu3aTopIbIH KATHICYBIMEH CyTeri opTachiHAa usomepnereni. Kemip cy-
TEKTEP N30CTPOCHUSIHBIH CAIBICTHIPMAJIBI TYPIE KOFapbl OKTaH CaHBIMEH ayIbiHabl. [IeHTaH (ppakuuscel n3omep-
JIEHT€H Ke3Jle OKTaH CaHbl KOFapbl ©HIM aiblHabl. H-eHTaHHBIH n30MepiieHyi TeK MyHail eHJey YIIiH FaHa eMec,
COHBIMEH KaTap MYHal-XMMHsSI ©HEpKacCiOi YIIH e KbI3bIFYIIBUIBIK, TYABIPAIbl, OUTKEHI CYCBHI3IaHABIPY apKbl-
JIbI U30TICHTAH/IbI Pe3EHKE YIIIiH U30MpPEH IUKi3aThiHA allHAIABIpYFa Oonaasl. Makanana Ateipay MO3-1e opHa-
JIaCKaH keHi1 OeH3MH (PPaKMsIIAPBIHBIH U30MEpIIeHYiH OPHATY YIIIiH OHTAMJIB KaTaIn3aTopabl TaHaay OOMbIHIIA
3eprrey Kyprizinmi. Karammsarop yorinepidiH KaTaTUTHKAIBIK OCICCHAUTrH Oaranay aFblHIBI TUITET] 3epTXa-
HaJIbIK, KOHIBIPFbIAA Ky priziagi. Kemipcyrekrepain Cs dpakimsiapsiHaass! (uKizar e katanusarra) C,-Cs—
KOMIipCyTEKTEepIIiH MAaCcCAIBIK, YJIeCiH aHbIKTay ra3—CyWbIK XpoMarorpadusi oiciMeH KOCTIaHbIH KOMIIOHEHTTEPiH
Gestyre Heri3nesreH oicreH Kyprisiiai. Xpomarorpadusuiblk, GaraHHaH IIbIFATHIH KOMIIOHEHTTEPAi OEKiTy Kbl-
JIy ©TKI3TIIUTIK AETEeKTOPHIHBIH KOMETiMEeH Ky3ere achlpbulibl. KOMIOHEHTTEpiH MacCalbIK, YJIECTEPIH ecentey
Ty3eTy K03(ppUIMEHTTEpiH ecKepe OTHIPHIIT, HOpMAaay dficiMeH Xypri3inai. KonnaHsuaTeH o/1ic G0MBIHINA aHBI-
kranraH C,—C5 KemipcyTeKTepiHiH eH a3 KoHueHTparusicel Maccanapapiy 0,01-0,05% kypaiasl.

Tyiiin ce31ep: M3oMepIey Hporeci, KaTanmu3arop, (ppakuus, H3oMepar, XpoMaro-rpadrKabK 3epTTey, aBTO-
MOOHJIb OEH3KHI, H30MepIiey KOHIBIPFBICHL.

Introduction. Large hydrocarbon deposits are
located in the territory of the Caspian Sea, which are
characterized by special geostrategic, geographical,
military and political features. In addition to oil and
gas resources, the location between the main markets
in the West and East is of great strategic importance
[1]. The ways of realization of Kazakhstan oil today
depend on complex processing of productions, where
oil is a raw material for the final product. This is due to
the fact that the capacities and technological equipment
of the relevant refineries are not oriented to extract the
full range of products contained in the feedstock [2].

Crude oil is a complex raw material from which
a wide range of petroleum products can be obtained.
According to the technological schemes of production,
processing into fuel, oil and mixed directions prevails
[3]. The introduction of the process of isomerization
of straight-run gasoline fractions into the practice of
oil refineries determines the relevance of studying this
process, as well as the need for scientific research in
the field of development of technology of isomerization
processes and selection of catalysts that provide optimal
conditions for isomerization reactions [4].
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The catalysts used in various isomerization
technologies have a common kinetic pattern: at high
temperatures, the yield of isoalkanes is limited by
thermodynamic equilibrium, and at low temperatures,
the reaction rate decreases. The selection of a catalyst
that provides a minimum yield of aromatic compounds
and olefins is important [5].

The purpose of isomerization processes in oil
refining is to improve the anti-knock properties of
aviation and motor gasoline. In the oil refining industry,
they began to be used to produce isobutane from n-
butane. Isobutane was further alkylated with butylenes
to give 2,2,4-trimethylpentane (isooctane).

The great value of the isomerization process lies
in the fact that low-octane components are used
as raw materials - the n fraction. temperature —
62 °C and catalytic reforming raffinates. This raw
material contains mainly pentane and hexane fractions.
This raw material, as well as fractions Cs and Cg
obtained with HFCs and CHFCs, are isomerized
in a hydrogen environment in the presence of a
catalyst. Hydrocarbons with a relatively high octane
number are obtained. When isomerizing the pentane
fraction, a product with a higher octane number is
obtained. Isomerization of n-pentane is of interest
not only for the oil refining industry, but also for
the petrochemical industry, since isopentane can be
converted by dehydrogenation into isoprene, a raw
material for rubber. Thus, isomerization can serve both
for the production of high-octane gasoline and for the
production of valuable synthetic rubbers [6,7].

The isomerization of paraffin hydrocarbons
on a solid catalyst proceeds in two directions:
hydrogenation-dehydrogenation and isomerization
itself. When a hydrocarbon molecule reaches the
catalyst, one of the hydrogen atoms of that molecule
is adsorbed on the metal site, and the associated
carbon atom is adsorbed on the acid site. The adsorbed
molecule isomerizes and leaves the catalytic surface
under the action of molecular hydrogen [8-10].

Catalysts can be divided into five main groups:
Friedel-Crafts catalysts, tungsten sulfide, bifunctional
catalysts, synthetic noble metal zeolites (including
rare earth metal additives) and complex catalysts
(combining bifunctional and zeolite catalysts with
Friedel-Crafts catalysts).

Friedel-Crafts catalysts in most cases contain
anhydrous aluminum chloride (sometimes with
antimony trichloride) in the form of a complex
with hydrocarbons activated by hydrogen chloride.

Isomerization using Friedel-Crafts catalysts can be
carried out at 20 arm and 40-120 °C and even at 24-
50°C (catalysts based on bromine chloride).

Tungsten sulfide from sulfide catalysts turned
out to be most active and selective at moderate
reaction temperatures (about 400 °C). The degree of
isomerization of c-hexane on it reached 60% with
insignificant hydrocarbon splitting. To ensure stable
operation of the catalyst in the system, it is necessary
to maintain a pressure of at least 40 atm.

It is important to note that the presence of naphthenic
hydrocarbons (up to 20-25%), sulfur compounds and
moisture in the raw material does not deteriorate the
process performance. The use of hydrogen, despite
the fact that it inhibits the isomerization reaction on
tungsten sulfide, is necessary because it prevents coking
of the catalyst [11].

Bifunctional catalysts are a type of reforming
catalyst - platinum or palladium on alumina. However,
sometimes aluminosilicate or a mixture of aluminum
and boron oxide is used as a carrier. These catalysts
have sufficient selectivity for the isomerization of Cs-
C, paraffinic hydrocarbons, which distinguishes them
from Friedel-Crafts catalysts, but their activity is very
low, so the temperature has to be increased

Increasing the acidity of a bifunctional catalyst is also
achieved by treating it with chlorine-containing organic
compounds, and maintaining acidity by introducing
HC1 into the system [12].

Synthetic zeolites with noble metals - platinum or
palladium, as well as with additives of rare earth metals
are based on the use of crystalline aluminosilicates
- zeolites. These catalysts are very active in the
isomerization of n-peitane and n-hexane. Platinum
or palladium deposited on Y-type zeolite allows the
isomerization process to be carried out at 315-343
°C, i.e. approximately 150°C lower than when using
alumina as a carrier. Experiments on catalysts with
different platinum contents showed that even a minimal
concentration of platinum ensures high efficiency of
isomerization of paraffinic hydrocarbons. Typically the
platinum or palladium content ranges from 0.3 to 0.6%
[13].

Complex catalysts combine the advantages of
bifunctional and zeolite catalysts (often called
hydroisomerization catalysts) with the advantages of
Friedel-Crafts catalysts, which allow the process to be
carried out at lower temperatures. Complex catalysts
can be used at 90-200 °C. With their help, almost
equilibrium yields of isopentanes and isohexanes are
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achieved. Their selectivity is high: only a small amount
of C,-C, paraffins is formed as a by-product. However,
it should be borne in mind that aluminum chloride,
which is usually included in complex catalysts, is
hygroscopic; sooner or later it hydrolyzes, and the
resulting aluminum hydroxide is deposited inside
the pores of the catalyst, reducing their volume and
complicating regeneration. In this regard, complex
catalysts have not found application in isomerization
processes carried out at oil refineries [14-16].

Recently, platinum treated with chlorine-containing
organic compounds has been used as a catalyst. The
activity of the catalyst is maintained by additional input
of HC1, as well as by a gradual increase in temperature
to 160 °C.

For the first time, this work proposes replacing the
proprietary UOP 1-8+/UOP 1-82 catalyst (USA) with
a less expensive SI-2 catalyst [17]. This catalyst allows
the isomerization process to be carried out at the inlet
of reactors with a high degree of isomerization of both
pentanes and hexanes. It consists of platinum evenly
distributed over the surface of sulfated zirconium oxide
modified with aluminum. It has high activity in the

hydrogen

isomerization reactions of low-boiling hydrocarbons
under thermodynamically favorable conditions, not
inferior in efficiency to chlorinated catalysts [17].
At the same time, its resistance to catalytic poisons
is higher, and it also tolerates their short-term
breakthroughs without reducing activity [18]. In
addition, additional advantages of such catalysts are
their long service life (up to 10 years) and the possibility
of regeneration.

Materials and methods. The catalytic activity of
the SI-2 catalyst samples was assessed in a laboratory
flow-type installation (Figure 1).

The normal pentane fraction from the raw material
tank is drained by gravity into a dosing pump,
from where it is dosed into the evaporator. The
recycle fraction of normal pentane is similarly fed
through a parallel feed dosing line. Gas streams of
fresh (concentrated) and recycle fractions are mixed
with each other and with hydrogen and sent to the
reactor. The catalyst is loaded into the reactor in a
stationary bed. The reactor is placed in a laboratory
furnace, which heats the reaction stream to the reaction
temperature.

air

-
: (B

the n-penians
fraction

] "
selection of the = L.t
gas mixiure
T

Figure 1 - Diagram of a laboratory setup for testing a catalyst in the process of isomerization of n-pentane to
isopentane:

1 — containers for raw materials; 2 — dosing pumps; 3 — gas flow meters; 4 — raw material evaporators; 5 —
temperature meter; 6 — laboratory single-zone furnace; 7 — laboratory reactor; 8 — separator; 9 — catalytic
condenser; 10 - catlysate separator; 11 — drum type gas meter

In the catalyst layer, pentane of normal structure is
isomerized into pentane of iso-structure. The reaction
products are sent to a separator, in which the mixture of
C; hydrocarbons is condensed. The gas part of the flow,

consisting mainly of hydrogen and partly of cracking
products, is taken into account in a drum gas meter.

The catalyst is loaded into a pre-prepared reactor.
A catalyst with a volume of 10 ml is loaded into
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an isothermal reactor, and palladium is reduced in a
hydrogen flow of 375 h™! at a temperature of 145 °C
and a pressure of 1 atm for 1 hour.

Determination of the mass fraction of C,—C;
hydrocarbons in C5 hydrocarbon fractions (in raw
materials and catalyst) was carried out by a method
based on the separation of mixture components by gas-
liquid chromatography. The components leaving the
chromatographic column were detected using a thermal
conductivity detector.

The calculation of the mass fractions of components
was carried out using the normalization method,
taking into account correction factors. The minimum
concentration of C,—C5 hydrocarbons, determined by
the method used, is 0.01-0.05 % wt.

The preparation of the stationary phase and filling
of the chromatographic column was carried out as
follows. Diatomite brick was ground in a mortar, sifted
on sieves with opening sizes of 0.16 and 0.25 mm,
selecting a fraction of 0.16-0.25 mm, it was poured with
concentrated nitric acid in an evaporation (porcelain)
cup and kept under the acid for 3 hours. After that,
the diatomite brick was washed from the acid with
distilled water until a neutral reaction (the last portion
of water should not cause a change in the color of
methyl orange).

The washed diatomite was dried at a temperature of
100-120 °C for 1 hour and calcined at a temperature
of 900 °C for 3 hours. Cooling was carried out in
a desiccator, after which it was again sieved through
sieves with opening sizes of 0.16 and 0.25 mm.

The prepared diatomite brick (chamotte) was
impregnated with a stationary phase - triethylene glycol
dibutyrate in an amount of 15-20% by weight of
diatomite. A sample of 15-20 g of triethylene glycol
dibutyrate was measured into a beaker with a capacity
of 250 ¢cm? on a laboratory scale, dissolved in 200
cm?® of ethyl ether and transferred quantitatively into a
round-bottomed flask with a capacity of 500 cm?. 100
g of prepared diatomite (chamotte) was poured into the
solution. The mixture was mixed well and kept for 20—
30 minutes. The flask was sealed with a stopper with
two siphons for purging, and the contents were shaken
for an additional 5-6 minutes. Ethyl ether was distilled
off in a water bath at a temperature of 35—40 °C with
simultaneous purging with nitrogen until the smell of
ethyl ether disappeared.

Before filling the chromatographic column with the
finished sorbent, the column was washed successively

with ethyl alcohol, acetone and then purged with air
pressure for 20 minutes. A clean and dry column was
filled with the prepared stationary phase using a funnel
and a water jet (oil) pump. One of the ends of the
column was previously covered with a glass wool swab
and connected to the pump. The nozzle was compacted
with a vibrator. The column was also tapped with a
wooden stick to compact it. The other end of the
column was also covered with a glass wool swab.

Chromatographic analysis was carried out under the
following conditions:

Column temperature, °C 20-40
Chromatograph operating mode isothermal
Carrier gas speed, cm?/min 25-30

Chart tape speed, mm/hour 240-720

O06bEM BBOIMMOM KUAKOM 1Tpodbl, mkl 2-3
Volume of injected vapor-gas mixture, cm® 1-2

The identification of components C,-Cs in the
hydrocarbon mixture using the chromatogram was
carried out taking into account the relative retention
volumes given in Table 1.

Table 1 — Relative retention volumes of raw material
components on a 15% dibutyrate triethylene glycol
column on diatomite brick and sensitivity correction
factors for the thermal conductivity detector

Component name Vrel. | K
Ethane + ethylene 0,01 0,8
Carbon dioxide 0,02 1,36
Propane 0,04 0,92
Propylene 0,06 0,92
Isobutane 0,09 1,02
n-Butane 0,13 1
Butene-1 + isobutylene | 0,18 1,01
Butene-2 — trans 0,23 0,99
Butene-2-cis 0,27 1,01
Isopentane 0,29 1,07
Butadiene 0,32 1,02
3-methylbutene- 1 0,33 1,11
n-Pentane 10,38 | 1,05

The peak area of all components was calculated as
the product of the peak height and its width, measured
at half the height (half-width). The resulting value of
the area of each peak was multiplied by the sensitivity
scale of the device. The location of the peaks on the
chromatographic diagram is shown in Figure 2.
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Figure 2 — Location of the chromatographic response of each component on the diagram

The volume fraction of each component in the
contact gas (X) in percent was calculated using the
formula:

K, x S,(100 — > X)
>.(8; x K)
rae K is the molar correction factor of the component
(Table 1); S; - component peak area,
cm?, YS; - sum of the areas of all components
multiplied by correction factors, cm?, ¥'X - the sum of
the volume fractions of the components of permanent

X; =

gases, determined by the method of analysis of H,, O,,
N,, CH, CO in the composition of the contact gas.

The result of the analysis is taken as the result of one
determination.

From the data of gas chromatographic analysis,
the conversion of n-pentane and the selectivity of
isopentane formation are calculated.

Results and discussion. Table 2 presents the results
of isomerization of the pentane-hexane fraction with an
estimate of the yield of isopentane.

Table 2 — Effect of temperature on the yield of isomerization products on the SI-2 catalyst (space velocity of the
raw material in liquid 1.5 h-1)

Test temperature, °C | Isopentane yield, % | Selectivity, % | Equilibrium concentration of isopentane, %
110 274 99,1 42
120 30,8 99 39
130 33,5 99 37
140 35,9 89,7 35
150 33,1 89,7 34
170 30,2 89,1 31

As can be seen from Table 2, the highest yield of
isopentane with a selectivity of 89.7 % is observed at a
temperature of 140 °C.

Table 3 shows the effect of space velocity on the

yield of isopentane. As can be seen from the table, the
most effective space velocity is 1.0 h-1, at which an
increase in isopentane yield to 36.4 % and selectivity to
89.8 % is achieved.

Table 3 — Effect of space velocity on the yield of isomerization products on the SI-2 catalyst (process
temperature 140 °C)

Volumetric velocity of raw materials (liquid), hour-1 | Isopentane yield, % | Selectivity, %
1.0 36.4 89.8
1.5 359 89.7
2.0 30.1 89.0
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In addition to pentane isomerization, it is necessary yield on temperature (for comparison, production data

to evaluate the yields of isohexane. Figure 3 shows the
results of a study of the dependence of the isomerate

for the operating catalyst I-82 are presented).

Isomerate yield according to I-82 and SI-2

70

60

57
59

isomerate vield

/

5/
:

%,

50

62

—1-82
— S8I-2

57

147 150 153

156 159

Temperature, °C

Figure 3 - Ratio of isomerate yield to temperature

As can be seen from the graph of the dependence
of isomerizate yield on temperature, the highest
isomerizate yield is observed on the SI-2 catalyst (62
%) at a temperature of 156 °C, at which the isomerizate

Qs

yield on the I-82 catalyst was 61 %.

Figure 4 shows octane number data at various
temperatures (for comparison, production data for the
current [-82 catalyst is presented).
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Figure 4 - Ratio of octane number to temperature

As can be seen from Figures 3 and 4, catalysts SI-2
and I-82 at the same temperature ranges show almost
identical performance.

Conclusions. Thus, the catalytic activity of the SI-
2 catalyst was evaluated at the light gasoline fractions
isomerization unit. A feature of this catalyst is its high
isomerizing activity, which is practically not inferior to
chlorinated aluminum oxide catalysts with significant

resistance to the effects of catalytic poisons [18]. As
a result of the study of the process of isomerization
of light gasoline fractions on the SI-2 catalyst, it was
revealed that the catalytic performance of the proposed
SI-2 catalyst and the I-82 catalyst used in production
have almost the same performance. It is necessary to
take into account that the cheaper SI-2 catalyst has
many of the above effective properties.
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