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Abstract: In paper the results of extraction purification of the kerosene fractions with use of ionic liquid
based on acetic acid as a selective solvent have been presented. The influence of various factors on process
of the selective purification has been investigated and the optimal conditions of dearomatization have been
determined. The advantage of ion-liquid extraction dearomatization of the kerosene fractions in comparison

with acidic-contact purification has been shown.

Keywords: kerosene fraction, extraction purification, ionic liquid, extract, raffinate, dearomatization

DOI: 10.32737/2221-8688-2019-4-576-583

Introduction

The kerosene is one of the widely used
products in the oil refining industry prepared by
direct oil distillation or rectification.

Depending on the area of application,
specific requirements are complied with
physical and chemical properties of kerosene. In
particular, the aviation kerosene is meant to
have anti-wear and low-temperature properties,
high specific combustion heat and thermal-
oxidative stability as well. It should be noted
that the technical kerosene is used as a raw
material for preparation of ethylene, propylene
and aromatic hydrocarbons by pyrolysis method.
In everyday life, the kerosene is mainly used in
kerosene lamps, kitchen stoves (kerogaz,
kerosene stove, primus) as a means for cleaning
and washing, degreasing composition, and it is
desirable that the composition does not contain
carcinogenic substances, primarily aromatic
hydrocarbons.

Consequently, to remove carcinogenic
substances, including aromatic hydrocarbons,
the kerosene, if necessary, is subjected to
selective purification.

Depending on extraction place and

conditions of the oil distillation in the once-run
kerosene fraction, the content of aromatic
hydrocarbons varies in the range of 14-35%
mass.

An industrial method of decrease in the
concentration of aromatic hydrocarbons in the
kerosene composition is the method of
hydropurification, or acidic-contact purification
[1-3]. There are also known the methods of
extraction purification of the kerosene with the
use of a number of organic compounds -
sulfolan, phenol, morpholine, furfural, N-
methylpyrrolidone, etc. as a selective solvent [4-
6].

In recent years, with the aggravation of
ecological situation in order to create
ecologically safe technologies, a substitution of
toxic organic solvents with ionic liquids in line
with "green chemistry” requirements is one of
the topical issues of oil refining [7-10].

In the paper, the results of research into
selective purification of the kerosene fraction
through the use of extraction method by means
of ionic liquid — N-methylpyrrolidone acetate
synthesized by interaction of acetic acid and N-
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methylpyrrolidone as a selective solvent were

presented [11].

Experimental part

The process of selective purification of the
studied kerosene fractions was carried out at
different mass ratios of ionic liquid to raw
material one-stage, and also in stages at a
temperature of 20-25 ° C. The experiments were
carried out in a three-necked flask equipped with

a mechanical stirrer and a thermometer. At the
end of the extraction process, the raffinate phase
was separated from the extract solution by
settling for 30 minutes, and the upper raffinate
phase was separated by draining the lower
extract phase.

Discussion of the results

High efficiency of the use of N-
methylpyrrolidoneacetate as a selective solvent
in the processes of extraction purification of oil
fractions, in particular, in the purification
processes of diesel distillate of various
composition [12, 13], oily distillates of different
viscosity [14, 15],etc. was shown by means of

systematic investigation cycle carried out at
IPCP ANAS.

In the course of the analysis, three samples
of kerosene fraction differing with boiling
ranges and content of aromatic hydrocarbons
were used as raw material (Table 1).

Table 1. Physical-chemical properties of kerosene fractions

Name of indices Kerosene fractions
Samp. Ne 1 Samp. Ne 2. Samp. Ne 3.

Density at 20°C, kg/m® 0,796 0,775 0,780
Fractional composition:
initial boiling temperature, °C 136 145 185

10%- distilled at 162 170 195

50%- distilled at 190 200 220

98%- distilled at 237 245 245

End boiling 240 250 250
Molecular weight 153 134,4 139
Mass fraction of aromatic hydrocarbons, % 12 16,5 17
Acidity, mg KOH per 100cm® of fuel 0.04 0.042 0.045
Refractive index at 20°C 1.440 1.442 1.445

The group hydrocarbon composition of the
studied kerosene fractions was determined by
UV spectral analysis carried out on a JENWAY
UV / Vis 6850 spectrophotometer. In the spectra
of the absorption band with wavelengths 195 -
215; 220; 255 and 275 nm correspond to
benzene, naphthalene, phenanthrene and
anthracene hydrocarbons. The quantitative
composition of the investigated samples of the
kerosene fractions has been calculated on known

method [16].

It was established that the Kkerosene
fraction with a boiling point range of 145-250 °
C is characterized by a relatively high content of
monocyclic aromatic hydrocarbons - benzene
derivatives, as well as bicyclic, naphthalene
hydrocarbons. The kerosene fraction with a
boiling point of 136-240 ° C is characterized by
a low content of anthracene hydrocarbons - only
0.04% mass (Table 2, Fig. 1).
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Table 2. Group hydrocarbon composition of analyzed kerosene fractions
Samples of Boiling Bt_anzgne Naphthalenes, | Phenanthrenes, | Anthracenes, Tota_l
5 derivatives, aromatics,
kerosene | ranges, °C % % %
% %
Ne 1 136-240 6.3 5.7 1.0 0.04 13.22
Ne 2 145-250 9.41 6.13 2.62 1.04 19.2
Ne 3 185-250 8.33 5.76 2.10 1.12 17.3
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Removal of aromatic hydrocarbons from
the composition of analyzed samples of
kerosene fractions in keeping with ion-liquid
extraction purification was carried out both in
one-stage and step-by-step. The extraction
purification of kerosene samples in one stage
was carried out at a room temperature (22-25°C)
with mass ratio of ionic liquid to raw materials

equal to 2.5:1.0 and contact time of components
for 2 h. In this case, a yield of raffinate varied in
the interval 81.2-86.4% mass, a residual content
of aromatic hydrocarbons in the composition of
the prepared raffinates determined by means of
sulphurization on GOST 6994-74 was 1.0-2.0%
mass (Table 3).

Table 3. Dependence of degree of dearomatization of the kerosene on conditions of extraction

Kerosene

fractions
Mass ration
IL:kerosene
Quantity of

stages
Contact time

of
components,

Indices of raffinate

hour
mass

2o

Yield, %
content

d‘En

Aromatics
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2.5:1 | 2.1 86.4 0.772 1.4350 1.0
Sample Nel 11 I 1.0 87.3 0.7715 1.4355 -
1:1 1.0 85.0 0.7709 1.4348 1.0
2,51 | 2.0 82.1 0.7730 1.4363 2.0
Sample No2 11 I 1.0 85.0 0.7718 1.4365 -
1:1 1,0 81.0 0.7709 1.4353 1.0
11 1.0 84.3 0.7720 1.4361 -
11 11 1.0 81.0 0.7700 1.4350 -
1:1 1.0 80.0 0.7694 1.4335 2.0
2,51 | 2.0 81.2 0.7755 1.4364 2.0
Sample Ne3 11 I 1.0 85.3 0.7771 1.4358 6.0
1:1 1.0 82.1 0.7760 1.4340 4.0

The purification of the kerosene fractions
step-by-step has been also carried out at
temperature 22-25°C, at equal weight ratio of
extractant to raw materials and contact time of
components for 1 h at each stage. In this case a
residual content of aromatic hydrocarbons in
purified kerosene depending on composition of
the initial raw material is decreased to 1.0-4.0%
mass

Determination of group hydrocarbon
composition made of raffinate through UV-
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spectral analysis revealed that at ion-extraction
purification of kerosene fractions was followed
by a complete removal of anthracenes contained
in raw material.

At one stage treatment of the kerosene
with boiling ranges 145-250°C (samp. 2) with
2.5 multiple excess, and also at three-stage
treatment with equal quantity of extractant at
each stage, it is observed a complete removal
from the composition and phenanthrene (Table
4, Fig. 2).
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Fig. 2. UV-spectra of kerosene fractions
with boiling range at 145-250°C after one-
(a); two- (b) and three-stage (c) purification
by ionic liquid
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As quantity of the stages of extraction
purification of raw materials with ionic liquid
grows, there is a drop both in residual quantity
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After two-stage selective purification the
kerosene fraction with boiling ranges at 136-
240°C was characterized by the lowest content
of residual aromatics (0.62% mass) (Table 4).
According to UV-spectral analysis, the content
of monocyclic aromatics compounds in raffinate
was 0.41% mass against 6.3% mass in the initial
kerosene, bicyclic 0.17% mass against 5.7%,
tricyclic - phenanthrene 0.04% against 1.0%
mass, so anthracenes were completely removed.

of benzene derivatives and total quantity of
aromatic hydrocarbons in raffinate (Fig. 3).
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Fig. 3. UV-spectra of the kerosene fractions
with boiling range 136-240°C after one-
stage (a) and two-stage (b) purification and
also kerosene fractions with boiling range
185-250°C after two-stage (c) ion-liquid
purification.

To compare, the dearomatization of
kerosene fractions with boiling ranges at 145-
250°C and 185-250°C was also carried out by
the method of acidic-contact purification. The
UV-spectral analysis of the prepared raffinates
shows comparative results of acidic-contact and
ion-liquid purification. The content of residual
aromatics in the prepared raffinates was 2.14%
and 0.97% mass, respectively (Fig. 4).

Table 4. Group hydrocarbon composition of aromatic hydrocarbons of kerosene fractions
before and after ion-liquid extraction purification

Group composition of aromatic hydrocarbons, %

Kerosene fractions

Molecular weight
of sample
benzene
derivatives

naphthalenes
phenanthrenes
anthracenes
total content of
aromatics
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Sample Nel 153.0 6.3 5.7 1.0 0.04 13.22
purification in I stage 147.0 1.1 0.42 0.15 - 1.68
purification in II stage 144.0 0.41 0.17 0.04 - 0.62
Sample No2 134.4 9.41 6.13 2.62 1.04 19.2
purification in I stage 134.0 0.44 0.31 traces traces 0.75
purification in II stage 133.5 0.8 0.9 traces traces 1.7
purification in I1I stage 133.5 0.5 0.4 traces traces 0.9
Sample Ne3 139.0 8.33 5.76 2.1 1.12 17.31
purification in II stage 138.7 1.0 0.6 traces traces 1.6
*Sample Ne2 130.0 1.2 0.8 0.14 - 2.14
*Sample Ne3 140.0 0.91 0.052 - - 0.96
*Note: samples purified by a method of acidic-contact purification
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Fig. 4. UV-spectra of the kerosene fractions with boiling range 145-250°C (a) and 185-250°C
(b) after acidic-contact purification

Conclusion

Thus, the conditions of dearomatization of
the kerosene fractions by a method of extraction
purification with use of N-methylpyrrolidone
acetate as an extractant of ionic liquid have been
determined by carried out investigations.

The efficiency and advantage of ion-liquid
extraction of the kerosene fractions is
determined as by simplicity of the process, as

well as by possibility of regeneration of ionic
liquid and its recycling as an extractant without
considerable decrease of the efficiency. The use
of ion-liquid extractant favors the elimination of
the ecological problems arising from acidic-
contact treatment: formation of non-utilizable
products — acid tar and waste water polluting the
environment.
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KEROSIN FRAK.SI'Y.ASININ.I'C.)N MAYE EKSTRAKSI'YA UngLp IiLo
AROMATIKSIiZLOSDIiRILMOSI PROSESININ TODQIQI

M.C. Jbrahimova’, T.A. Mammadova®, S.Q. dliyeva®, H.C. Hiiseynov?, S.A. Seyidova’,
V.A. Nagiyev', R.A. Cafarova’

'AMEA Y.H.Mammadsliyev adina Neft —Kimya Proseslari /nstitutu
Xocal: prospekti.,30, AZ 1025, Bak:, Azarbaycan respublikas:
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Moaqalada segici holledici kimi sirka tursusu asasinda sintez edilmis ion maye torkibdan istifada
etmoklo kerosin fraksiyasiin ekstraksiya Gsulu ilo tomizlonmasi prosesinin  naticalori  aks
olunmugdur. Ekstraksiya prosesina muxtalif faktorlar:n tasiri tadgiq olunmus va aromatiksizlasgdirma
prosesinin optimal saraiti miayyan edilmisdir. Apar:lan todgigatlar asasinda ion-maye ekstraksiya
usulu ilo kerosin fraksiyasiin aromatiksizlosdirma prosesinin tursu-kontakt Gsulu il tamizlonma
prosesindan effektiv oldugu miayyan edilmigdir.

Acar soOzlari: kerosin fraksiyalar:, ekstraksiya tsulu ilo tomizlonma, ion maye, ekstrakt, rafinat,
aromatiksizlosmo

HCCIEJOBAHHE ITPOIECCA JEAPOMATH3AILIHH KEPOCHHOBOH ®PAKITHH
METOJ0OM HOHHO-)KHJIKOCTHOH YKCTPAKITHH

M. I/Iﬁpazumoeal, T.A. Mamedoeal, C.I. Aﬂueeal, I . T yceﬁnoez,
C.A. Ceudoeal, B.A. Hazueel, P.A. jbfcat])apoeal

1HHcmumym Hegmexumuuecxux npoyeccos um. FO.I'.Mameoanuesa
Hayuonanvnou AH Azepbaiiodncana
np. Xooocanwr, 30, AZ 1025, baxy, Azepbaiiodcanckas pecnyonuxa
e-mail: minaver-ibrahimova@rambler.ru
2HHcmumym Guzuxu Hayuonanvnot AH Azepbatioxncana
e-mail: huseyn-1979@mail.ru

B cmamve uznoocenvt pesyrbmamvl IKCMPAKYUOHHOU OUYUCMKU KEPOCUHOBLIX paryuil ¢
UCNONb3068AHUEM 6 Kauecmee U30UpamenbHO20 pacmeopumens UOHHOU JHCUOKOCMU HA OCHOGe
VKCYCHOU Kuciomsl. Hccrnedosano enusnue pasiuyHulX (Hakmopos HA Npoyecc CeneKmugHou
OYUCMKU U OnpedeleHbl ONMUMATbHblE YCa08usi Oeapomamusayuu. I[loxazano npeumywecmeo
UOHHO-HCUOKOCIHOU IKCMPAKYUOHHOU 0eapoMamu3ayu KepoCUHOBbIX (Gpakyull N0 CPAGHEHUI) C
KUCTOMHO-KOHMAKMHOU OYUCTKOU.

Knrouegwle cnosa: xepocunosas paxyus, IKCMpaKyuoOHHASA OYUCMKA, UOHHAS HCUOKOCD,
IKCMpAxKm, paguram, 0eapomamu3ayusl
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