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Abstract. The analysis of oxidation processes necessary
for quality improvement of il fractions boiling to 623 K
have been carried out. Different oxidative technologies
for crude oil processing have been examined. Their
advantages and disadvantages have been shown.
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Straight-run light oil fractions usually have
properties which do not meet the demands for such
commercial products as gasoline, jet, and diesel fuels. In
order toimprovetheir characteristics, first of all ecological
and antioxidizing ones, their oxidation with following
separation of formed products by means of filtration,
rectification, adsorption, extraction, or combination of
the mentioned methods may be carried out.

The essence of oxidative processing of straight-
run oil fractions is oxidation of undesirable products
(sulphuric compounds and those with oxidation and
condensation susceptibility during exploitation) with the
formation of heavier and more polar liquid products
compared with the initial compounds or solid deposits.
Sulphuric compounds are mainly oxidized to sulphones
and sulphoxides. Thus, solid oxidation products may be
separated by filtration, and liquid products— by adsorption
or extraction due to the presence of polar groups (mainly
S=0 and O=S=0) in their structures. Moreover, bailing
temperatures of sulphoxides and sulphones are higher by
40-200 K compared with corresponding hydrocarbons
[1] allowing to separate them from reactive mass by
ordinary distillation.

All oxidation processes of light oil fractions may
be conditionally divided into 4 groups:

- aimed at fuels sweetening;

- aimed at sulphoxide and sulphones obtaining;

- aimed at decrease of sulphur total content in raw
material;

- technologiesfor improvement of antioxidizing and
other operational properties.

Oxidative sweetening of oil fractions is the most
studied process and is widely used in the industry.
Predominantly it is used for straight-run kerosene and
gasoline fractions but not for the diesel ones due to
insignificant sour sulphur content. A typical representative
of sweetening processes is “Merox” process and its
numerous modifications. sweetening process by “Beiker”
firm, “Minalk” and “ Merox without caustic” by UOPfirm,
“Bender” process by “ Petrolight” firm, etc. Theaim of all
these processes isto oxidize the most undesirable products
— mercaptanes — by air oxygen in the alkaline medium in
the presence of a solid catalyst. As a result, mercaptanes
are transformed into disulphides, which stay as a solute
in the purified fuel. The sweetening takes place at 310-
330 K and the pressure of 0.14-0.7 MPa [2-5].

It was shown in [6] that capital outlayson oxidative
sweetening plant building are almost 12 times less than
those on hydrofining plant building while the products
prime cost is less by 17 %.

The processes of oxidative recovery of sulphuric
compounds from straight-run oil fractions are referred to
the second group. The aim of these processes is obtaining
such valuable products as oil sulphoxides and sulphones.

Owing to their unique properties (e.g. polarity)
sulphoxides and sulphones are widely used in different
industries: in petroleum industry — for the production of
high-effective inhibitors of solid deposits formation; for
the production of corrosion inhibitors, antiscoring and
antioxidizing additives; as plastifiers at polymers
production; in hydrometallurgy — for enrichment and
extraction of various precious and rare metals; for the
production of fluorescent materials; in agriculture and
animal husbandry — for animals treatment and increase
of the crop capacity; as cutting fluids at metals working,
etc. [7, 8, 9-15, 16]. The first attempts of sulphones
and sulphoxides obtaining were based on the fact that
sulphides and their oxidation products are dissolved in
sulphuric acid with the formation of complexes [17]. In
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the later papers [18] it is proposed to use raw material
oxidation by hydrogen peroxide in the presence of acids,
carbonyl compounds or metals for the sulphones and
sulphoxides obtaining from diesel fraction of high-
sulphuric Arlan ail (thetotal sulphur content is 2.2 mas %).
In [19] the possibility of sulphones and sul phoxides
obtaining from oil distillates is shown. In al cases the
mai n attention was paid to the sul phide sulphur oxidation.
Such sul phur makes approximately a half of total sulphur
in the raw material. The sulphides oxidation level is up
to 76 mas %.

Concerning the application of oxidation for sulphuric
compounds removal, it should be noted that to date
hydrofining (HF) is the only widely used industrial
technology for straight-run oil fractions desul phurization.
In spite of definite advantages (known theoretical bases,
developed technology, catalysts industrial production) it
has a series of shortcomings. This process requires
expensive catalysts and hydrogen, which is expensive and
scarce. The issue of the day is the decrease of hydrogen
production with simultaneous demand for it. Therefore
refiners create individual hydrogen plants, which were
absent before. One of HF disadvantages is complication
of technological flowsheet with obligatory blocks of
hydrocarbon and hydrogenous gases purification from
hydrogen sulphide. Another disadvantage is the necessity
of hydrogen sulphide processing to obtain sulphur or

sul phuric acid. Moreover, during HF heteroatom
compounds able to form protective films over metal
surfaces are destroyed almost completely thereby
decreasing antiwear properties of fuels. During HF natural
antioxidants (disul phides and phenols) are also removed
fromthe fuel resulting in the deterioration of fuel chemical
stability; increase of its oxidation ability during storage or
at high temperatures [20]. It means that fuel corrosion
activity may even increases in the case of deep HF [21,
22]. The impossibility to remove sulphur, which is found
in the form of condensed compounds based on thiophene
derivatives, is also one of the shortcomings. The reason
is spatial difficulties arising at their contact with the
catalysts.

On the other hand the desulphurization degree
requirements for the commercial fuels have sharply
increased for the last years. The confirmation of this fact
is the value of permissible sulphur content in fuels
produced in the USA: 30 ppm in gasoline [23, 24] and up
to 15 ppm in diesel fuel [25, 26] starting from January
2006. From 2009 the maximum sulphur content in the
fuels must not exceed 10 ppm [24, 26]. The similar or
even stricter requirements are set for the fuels produced
in the European Union [27]. Often during hydrofining (due
to the above-mentioned reasons) it is impossible to obtain
fuel with such low sulphur content.

Table

Effect of fractional composition
on the sulphur removal degree

No. Fractional composition of raw materia, K Process conditions (presence of water or Sulphur removal
catalyst) degree, %
1 Wide diesel fraction (approx. 453—623) Cr,05 23.88
2 > 553 Cr,03 41.84
3 Wide diesel fraction (approx. 453-623) Weater : raw material —1:10 19.40
4 553-623 Water : raw material —1:10 27.59
5 Wide diesel fraction (approx. 453-623) Copper pyrozol polychelate 29.85
6 553-623 Copper pyrozol polychelate 32.18
7 Wide diesel fraction (approx. 453-623) 22.39
8 553-623 26.44
9 Start boiling point—553 71.88
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Therefore, the production of fuelswith low sulphur
content and good |ubricating and anti oxidizing properties
is avery urgent question. Oxidation processes are one of
the alternative ways of productions. Many works [28-
34, 35-38, 39-44] are dedicated to the oxidation of
sul phuric compounds present in distill ate fuel s by oxygen,
hydrogen peroxide, or air oxygen to sulphoxides and
sul phones with their following extraction. Thus the total
sulphur decreases with sufficient completeness and
selectivity.

At Leningrad Technological Institute (Russian
Federation) the desulphurization process of straight-run
oil fractions has been studied in rotating autoclave in the
presence of 3% NaOH. The conditions of the process
are: temperature 393-453 K, pressure 1-2 MPa, process
time 30 min, ratio between raw material and alkali agueous
solution 1:1, air is the oxidant. The alkaline medium is
oxidation inhibitor of hydrocarbon part of the fraction.
The sulphur removal degree is 25-36 % for the fraction
with boiling limits 513-543 K, 69 % — for the fraction
473-513 K and 100 % — for thefractions 353413 K and
413-473 K. In order to accelerate the process it was
suggested to carry out the process in the presence of a
catalyst (chloric copper, 0.005-0.08 % calculated from
the fraction mass) in oxidative column of bubble type
[41, 44]. Such modification was applied for the
desulphurization of diesel fraction 473-573 K. The best
results of desulphurization were 59-62 %.

Similar results have been obtained at the
Department of Chemistry and Technology of Petroleum
and Gas of Lviv Polytechnic National University. The
oxidation of the components with various fractional
composition was carried out (vide Table). Straight-run
wide diesel fraction with sulphur content of 0.67 mas %
and its individual components were used as a raw
material.

Theoxidationwas carried out in areactor of bubble
type in the presence of water, and without it. Water was
used as an oxidation inhibitor [16]. In order to examine
the possibility to increase the process selectivity, typical
homogeneous catalysts (vide Table) were used in the
amounts typical of their application in the industry
(0.03 mas % calculated for raw material).

The experiments were carried out at 453 K and
3.0 MPaduring 30 min. Adsorption was used for products
separation.

The comparison of the experiments 1 and 2, 3
and 4, 5 and 6, and 7 and 8 (Table 1) shows that
application of raw material with narrower fractional
composition allowsto increase dightly the oxidation rate
and to extract more selectively the oxidation products.
The sulphur removal degree increases for the fractions

> 553 K and 553-623 K compared with wide diesel
fraction.

The higher sulphur removal degree (No. 9in Table)
is achieved at the desulphurization of lighter raw material
(fraction start boiling point—553 K) compared with heavier
fractions (No. 7-8 in Table).

Due to the above mentioned facts concerning
impossibility of deep sulphur removal during HF the
problem of oxidative afterpurification of hydrofined fuels
is of great interest [45-49]. The possibility of such fuels
production is shown in [50]. Authors propose to use
oxidative desulphurization for afterpurification of
hydrofined fuels with the aim of fuels production with
sulphur content of (3-8)4.0° %. The experimental plant
for running commercial tests has been built.

The investigations with hydrogenate of wide diesdl
fuel with sulphur content of 0.055 mas % were carried
out at the Department of Chemistry and Technology of
Petroleumand Gasof Lviv Polytechnic National University.
It was shownthat it is possible to obtain commercial diesel
fuel with sulphur content of 0.010 mas % at 453 K and
2.5 MPa. The obtained fuel meets the requirements for
the commercial diesel fuels| [51]. The sulphur removal
degree is 81.8 %.

The fourth group of oxidative processes is aimed
at theimprovement of thermo-oxidative stability of jet fuels
(JF) since under the operation conditions they are inclined
to oxidative or thermal condensation with the formation
of solid deposits disabling the fuel system of airplanes.
Existing technologies are aimed at the oxidation of
compounds which are present in JF and capable of
condensing. On the other hand, in [16] the results of non-
catalytic oxidative desulphurization of straight-run
kerosenefractions are presented. They show the possibility
to obtain commercial jet fuels from the raw material with
boiling limits 413-553 (573) K and initial sulphur content
of 0.15-0.46 mas %. The obtained JF have better
[ubricating properties compared with the products obtai ned
during hydrofining.

Since the lubricating and antioxidizing properties
of the commercial diesel fuels (DF) have only recently
become a problem of vital importance, detailed information
regarding their improvement in the produced products is
absent in the literature.

Thus, oxidative purification and refining of light
oil fractions are very promising methods despite a series
of disadvantages they have: long time of the (3 h),
presence of additional stages (sedimentation, washing
and drying), usage of alkali and catalyst. Separation of
oxidation products from purified fractions is carried out
usually by means of adsorptive fractionation, which
makes the process more bulky. Moreover, the majority
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of fuel desulphurization investigations by oxidation
method are aimed at the examination of afterpurification
of hydrofined fuels. Only a few of them examine the
possibility to obtain commercial diesel fuels directly from
straight-run raw material. In any case, the data about
the operational properties (lubricating, antioxidizing etc.)
of the produced fuels are absent in spite of the fact that
this way is rather promising (e.g. the production of
oxidatively purified diesel fractionswith good lubricating
properties, which may be used as additives for
hydrofined fuels).

Though existing methods of oxidative purification
and refining of light oil fractions are not widdy used or are
only being devel oped, they are perspectiveand worth paying
attention to. After solving of the problem concerning
oxidation of sulphuric compounds of straight-run fractions
without catalyst or using relatively cheap commercial
catalysts and simple separation of oxidation products such
processes will be competitive to hydrofining. Moreover,
another valuable product — concentrate of sulphones and
sulfoxides — can also be obtained from these processes.
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MPOIECU OKCHIALIAHOI' O IIEPEPOBJIEHHS
CBITJINX HA®OTOBUX ®PAKIII

Anomayia. [Ipogedeno ananiz npoyecié oKUCHeHHs:,
CNPAMOBAHUX HA NOKPAWAHHA AKOCMI NPAMOSOHHUX HAPMOBUX
@paxyii, sixi suxunaioms 0o 623 K. Oxapakmepuzosano nanpsmxu
BUKOPUCMANHS OKCUOAYTUHUX MEXHOL02il nepepobiients Hapmosoi
cuposunu. Ilokaszano ix nepesazu ma HeOOliKU.

Knwuosi cnosa: decyrvpypuszayis, 2iopoovuuyenns,
OousenbHe naivhe, peakmusHe naibHe, OKCUOayiline 3HecipuyeanHs,
cipka, cynvghokcuou, cyib@oHu.





