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Abstract

The structure and composition of organic sulphur compounds in high-sulphur petroleum from Nizhne-
Pervomayskoye deposit (Tomsk Region) have been studied. Sulphur compounds have been shown to be
represented by a mixture of isomers of dialkylthiacyclopentanes, alkyl- and methylalkylthiacyclohexanes,
bicyclic sulphides,  alkyl-homologues of  benzothiophene,  dibenzothiophenes and benzonaphthothiophenes
and their alkyl-substituted.
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INTRODUCTION

Sulphur compounds (SC) are a part of prac-
tically all petroleum and petroleum products and
complicate significantly the technology of pe-
troleum refining, reduce the quality of petro-
leum products, accelerates corrosive wear of
the technological equipment,  have an adverse
impact on the environment due to the forma-
tion of sulphur oxides during fuel combustion.
For these reasons, hydrocarbon raw materials
entering the processing companies are increas-
ingly made stringent requirements for the sul-
phur content. Studies on the composition and
the structure of the SC of petroleum are re-
quired for a targeted search of optimal pro-
cesses of their processing.

Petroleum widespread on the territory of
the Tomsk region are localized mainly in the
Upper Jurassic sedimentations, their SC are
mainly represented by thiophenes and sul-

phides, there are almost no mercaptans in
them, disulfides were not detected. In works
[1, 2] data on the distribution and composition
of low molecular mass SC in petroleum of the
Upper Jurassic Complex of the West Siberia
were given. It has been established that the con-
tent of total and sulphide sulphur changes in
boundaries of 0.05�1.14 and 0.007�0.400
mass %, in average, 0.46 and 0.12 mass %, re-
spectively. The share of sulphides is from 8 to
35 rel. %.

The successful solution of scientific prob-
lems associated with the study of petroleum
components depends primarily on the availabil-
ity of the extraction methods directly from
petroleum. The method of liquid-adsorption
chromatography (LAC) is usually used to sepa-
rate oil systems, since the former allows to vary
adsorbents, solvents and chromatography con-
ditions. It has been shown in works [3, 4] that
the differentiation of components of petroleum
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Fig. 1. Mass-fragmentogram for the ion m/z 87 of the benzene fraction of petroleum.

can be achieved by the use of adsorbents mod-
ified with metal chlorides. Nickel-containing sor-
bent [5] possesses a greater efficiency of the
separation of petroleum components. In the
present work, to separate SC, the method LAC
with the use of silica gel modified with nickel
chloride is applied in this work.

The present work is devoted to the study
of the composition of low molecular mass SC
of high sulphur petroleum from the Nizhne-
Pervomayskoye deposit.

EXPERIMENTAL

Deasphalted and deresined highly resinous
high-sulphur petroleum from the Nizhne-Per-
vomayskoye deposit (Tomsk Region) was select-
ed as the research object. Sulphur compounds
were isolated from deasphalted petroleum by
the method of LAC on silica gel modified with
5 % NiCl2 [2]. Benzene and n-hexane were used
as eluents. The total content of sulphur was de-
fined according to the method given in [6].

The chromato-mass spectrometry (CMS) was
performed on a Hewlett Packard Aglient/HP
6890/5973 spectrometer. Conditions of the CMS
analysis are given in the work [2]. The identifi-
cation of SC was carried out, according to the

retention time by comparison of mass fragmen-
tograms obtained with mass spectra present in
the library of the system NIST 02 and pub-
lished data.

RESULTS AND DICSUSSION

The Nizhne-Pervomayskoye petroleum is
characterized by a high content of resin-as-
phaltene compounds (19.42 mass %) and total
sulphur (2.16 mass %), at that sulphides (52
rel. %) predominate in SC compositions. Hex-
ane and benzene fractions with the content of
total sulphur of 0.68 and 4.68 mass %, respec-
tively, of 0.26 and 2.82 mass %, respectively,
have been obtained from petroleum using LAC
on silica gel modified with NiCl2.

According to data of  CMS  analysis,  at the
chromatographic separation of deasphalted
petroleum saturated carbohydrates (CH), high-
ly-alkylated naphthenes,  mono- and diaromatic
CH are separated into the hexane fraction.
Isoalkanes and n-alkanes of the composition
C9�C35 and C12�C27, respectively, cyclopentanes
from C10 to C28, cyclohexanes from C10 to C31,
decalins C11�C17, steranes C21�C30 and terpanes
from C27 to C35, n-alkylbenzenes from C10 to
C32, phytanylbenzene, alkyltoluenes C7�C24 and
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Fig. 2. Mass spectra of 2,5-dialkylcyclopentanes (see numbers of peaks on the insert).

1-methyl-3-phitanylbenzene, alkylxylenes C7�
C23 and dimethylphytanylbenzene,  alkylnaph-
thalenes C11�C23 and alkylindanes C9�C26 have
been identified as a part of CH.

In the hexane fraction,  one did not manage
to identify SC because of their low concentra-
tion in the sample.

In the benzene fraction (BF), there are poly-
cyclic aromatic hydrocarbons (AH), cyclic sul-
phides, thiaarene and their alkyl derivatives.

Di- and tricyclic AH are represented by
naphthalene,  phenanthrene and their C1�C4

homologues. The maximum in the distribution
of  naphthalenes corresponds to homologues of
C3,  in the distribution of  phenanthrenes it does
to C1. Phenyl-substituted structures,  viz,  diphe-

nyl,  their C1�C3 alkyl derivatives,  phenylnaph-
thalenes and phenylphenanthrenes have also
been defined. Among naphthenoaromatic CH,
the presence of  acenaphthene,  their C1�C2

alkyl homologues, fluorene and its monometh-
yl derivatives, 1,2,3,4-tetrahydroanthracene has
been established.

In the composition of tetracyclic AH, there
are  fluoranthene,  pyrene,  triphenylene,  chry-
sene,  4H-cyclopenta[def]phenanthrene,  7H-
benzo[de]anthracene, 11H-benzo[b]fluorene,
11H-benzo[a]fluorene, 7H-benzo[c]fluorene,
1,2,3,4-tetrahydrobenzo[a]anthracene, among
pentacyclic � perene, benzofluoranthenes,
benzo[e]chrysene are presented in the compo-
sition of AH.
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Fig. 3. Mass-fragmentogram for ions m/z 101 (a) and 115 (b) of the benzene fraction of petroleum.

Sulphur compounds of the benzene fraction
are represented by a complex mixture of com-
ponents of sulphide and thiophene rows, in the
compositions of which sulphides (602 rel. %) pre-
dominate.

Sulphides

Scanning on the fragment ion m/z 87 has
shown the presence of BF of thiolanes with
2,5-substitution, viz., so called linear sulphides.
They are represented by a mixture of cis- and
trans-isomers of dialkylthiacyclopentanes with
the composition of C10�C31 (Fig. 1) with a dif-
ferent length of the alkyl chain at 2- and 5-
positions of the ring. Mass-spectra of thiolanes
identified on the example of the sulphide
C17H34S (see Fig. 1 on the insert) are presented
on Fig. 2. They are identified by us as 2-octyl-

5-pentyl- and 2-heptyl-5-hexyl- (peak 1), 2-
nonyl-5-butyl- (peak 2), 2-decyl-5-propyl- (peak
3), 2-undecyl-5-ethyl- (peaks 4, 5) and 2-dode-
cyl-2-methylthiolanes (peak 6) [6�8]. The max-
imum in the distribution of thiacycloalkanes
with the composition C17H34S corresponds to
2-decyl-5-propylthiolane (peak 3).

Alkyl-substituted thiacyclohexanes are iden-
tified on mass-fragmentograms m/z 101 and
115. 2-n-alkylthianes (Fig. 3), cis- and trans-iso-
mers of 5-methyl-2-n-alkylthianes (see Fig. 3, b)
are present in their composition. 5-Methyl-2-
alkyl-substituted structures prevail in the com-
position of thiacyclohexanes.

Mass-fragmentogram of BF for ion m/z 183
is presented in Fig. 4. Peaks A and B are assigned
by us to alkyl-substituted thiabicyclo[4,4,0]decanes.

Linear dialkylthiacyclopentanes, alkyl- and
methylalkylthiacyclohexanes, alkylthiadecalines
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Fig. 4. Mass-fragmentogram for the ion of m/z 183 of
benzene fraction of petroleum and mass spectra of
thiabicyclo[4,4,0]decanes.

Fig. 5. Mass-fragmentograms of dibenzothiophenes for ions m/z of 184, 198, 212, 226, 240 and 254 of benzene fraction
of petroleum.

in oils of the West Siberia have been identified
by us for the first time.

Aromatic sulphur compounds

According to data of  the CMS  analysis bi-,
tri- and tetracyclic aromatic compounds have been
identified. Dibenzothiophene compounds prevail.

Benzothiophenes (BT) are represented by (C2�
C4)-BT, in the composition of which dimethyl-,
ethyl- (m/z 161), trimethyl- (m/z 175), ethyl-
dimethyl-, diethyl-BT (m/z 190) with the prev-
alence of C3-homologues have been established.

Dibenzothiophene (DBT) (m/z 184) and its
alkyl homologues from C1- to C15-DBT (Figs. 5, 6)
are identified in the compositions of diben-
zothiophenes (DBT). Alkyl derivatives of DBT
prevail, the maximum in the distribution of
which corresponds to homologues C2�C3. Among
C1-DBT (m/z 198), 1-, 2-, 3- and 4-methyl-
substituted structures are identified, 1-meth-
yl-DBT prevails. In the composition of C2-DBT
(m/z 212) 4-, 2- and 3-ethyl-, 4,6-, 2,4-, 1,3-,
(2,6+3,6)-, (2,7+2,8+3,7)-, (1,4+1,6+1,8)-,
(1,7+/1,9+/3,4)-dimethyl-substituted DBT are
identified. C3-DBT (m/z 226) and C4-DBT
(m/z 240) are represented by trimethyl-, ethyl-
methyl-, 4-propyl-, ethyldimethyl-, diethyl-,
propylmethyl- and butyl-substituted DBT [10].
In the composition of (C5�C15)-DBT 4-alkyl-
substituted structures (Fig. 7) are identified [11].

Benzonaphthothiophenes are presented by
isomers of  benzo[b]naphtho[2,1-b]-,  benzo[b]-
naphtho[1,2-b]-,  benzo[b]naphtho[2,3-d]thio-
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Fig. 6. Mass-fragmentogram of alkylated dibenzothiophenes for the ion of m/z 197 in benzene fraction of petroleum.

phene and their C1- and C2-alkyl homologues,
in the compositions of  which [2,1-b]benzonaph-
thothiophenes [12] prevails.

CONCLUSION

Therefore, the method of the isolation of
SC with the use of silica gel modified by nickel
chloride developed by us allows concentrating
them in a more polar chromatographic fraction
and studying their compositions. SC in the highly
resinous, high-sulphur petroleum from Nizhne-
Pervomayskoye deposit (Tomsk Region) have
been shown to be represented by thiaarenes and
sulphides with the predominance of  the latter.
Aromatic SC are represented by alkyl homo-
logues benzothiophene, dibenzothiophene and
benzonaphthothiophenes and their alkyl-sub-
stituted. Dibenzothiophene compounds prevail.
Basic representatives of SC of the sulphide
type are thiacycloalkanes. For the first time in
the composition of sulphur compounds of high-
sulphur petroleum of the West Siberia, cis-
and trans-isomers of dialkylthiacyclopentanes
of the linear structure, different by the length
of the alkyl chain, 2-n-alkylthiacyclohexanes

and bicyclic sulphides represented by cis- and
trans-isomers of 5-methyl-2-n-alkylthianes and
alkyl-substituted thiabicyclo[4,4,0]decanes, re-
spectively, have been identified.
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