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Abstract

The composition and structural features of the resin-asphaltene macromolecular fragments inherent in
the substances from the Usinsk oilfield were investigated. It has been demonstrated that they contain ether
and/or ester groups. Nitrogenous bases in the form of supramolecular structures are present only in the

structure of the resinous components.
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INTRODUCTION

Effective solving the problems associated
with the processing of hydrocarbon raw mate-
rial characterized by a high content of high
molecular mass compounds depends to a con-
siderable extent on the amount and profundity
of information concerning the structure of res-
in-asphaltene substances (RAS). The fact is that
the structural features of the macromolecules
of resins and asphaltenes significantly affect
the thermal stability and reactivity thereof.

This paper is devoted to the investigation
of the characteristics of the RAS inherent in
oil from the Usinsk oilfield (Republic of Komi),
one of the largest deposits of heavy oil species
in Russia currently being developed [1]. The
authors of [2—5] studied in detail the hydro-
carbon and sulphur-containing fragments of
resin and asphaltene macromolecules inherent
in this oil and demonstrated that the main rep-
resentatives thereof are presented by paraffin
chains, phenanthrenes, pyrenes, dibenzo- and
benzonaphthothiophenes. Information obtained

on the nitrogen- and oxygen-containing struc-
tures composing the RAS concerns mainly the
compounds of carbazole and furan series. This
paper presents the results of studying the com-
position and structural features of the macro-
molecular fragments of RAS containing basic
nitrogen and ether/ester bonds.

EXPERIMENTAL

We studied the asphaltenes of the Usinsk
oil and alcohol-benzene resins those constitute
the bulk (73.8 rel. %) of the resinous compo-
nents [6]. For the isolation of the samples un-
der investigation we used a standard approach
described in [7]. The elemental composition of
the resulting products and functional composi-
tion of hetero compounds was analyzed accord-
ing to procedures described in [8, 9].

The procedure of concentrating the organic
nitrogen bases (NB) and the subsequent frac-
tionation thereof into strongly and weakly ba-
sic components was carried out by means of
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acidic extraction [10] and liquid adsorption chro-
matography on silica gel modified with HCI [11].

In order to characterize the macromolecular frag-
ments of RAS containing ether/ester bonds in the
structure thereof, we used a scheme involving the
stages of their destruction by boron tribromide and
the reduction of alkyl bromides formed with the
help of lithium aluminum hydride [12].

The IR spectra were registered using a Ni-
TOlet 5700 spectrophotometer within the range
of 4000—400 cm™!,

The mass spectra and GC-MS patterns were
obtained using a DFS GC-MS unit (TERMO
Scientific). The conditions of mass spectral anal-
ysis and calculation method are presented in [13,
14], the conditions of GC-MS analysis being
reported in [15].

RESULTS AND DISCUSSION

Characterizing the nitrogen bases of the resin-
asphaltene components of the Usinsk oil

According to [16], the basic nitrogen deter-
mined in the composition of resins and asphalt-

TABLE 1
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enes, is predominantly included in the compo-
sition of high molecular compounds as struc-
tural elements due to the formation of 0-bonds.
A smaller part of the RAS basic nitrogen is a
part of the relatively low molecular mass com-
pounds, those are adsorbed on the macromo-
lecular entities of resins and asphaltenes due
to donor-acceptor interactions. In order to iso-
late such bases we used a 25 9% solution of
sulphuric acid in 80 % acetic acid [10], whose
use provides almost complete extraction of low
molecular mass nitrogenous bases from com-
plicated organic mixtures [17]. In the case of
oil under investigation, with using this extrac-
tant we succeeded in the isolation of low mo-
lecular mass NB from resins only. A negative
result in the extraction of asphaltenes might
be caused, to all appearance, either by a high-
er strength of their supramolecular structures
as to compare with the resins or by the ab-
sence of low molecular mass nitrogenous bases
in the structure of asphaltene macromolecules.

According to the results of elemental anal-
ysis (N, = 3.5 mass %) and functional analy-
sis, the nitrogen-containing components isolat-

Structural-group composition of low molecular mass organic nitrogen bases inherent in alcohol-benzene resins from the Usinsk oil

Compounds

Content normalized to the sum

of compounds identified, %

Strong nitrogenous bases

Benzoquinolines (z = 17, 19) 20.4
Dibenzoquinolines (z = 23—27) 22.6
Tribenzoquinolines (z = 29, 31) 5.9
Thiophenoquinolines (z = 19) 5.8
Benzothiophenoquinolines (z = 21-25)

Dibenzothiophenoquinolines (z = 27, 29) 10.2
Benzoquinolinecarboxylic acid (z = 21, 23) 7.3
Dibenzoquinolinecarboxylic acid (z = 25—29) 11.8
Tribenzoquinolinecarboxylic acid (z = 31) 3.0

Weak mitrogenous bases

Benzoquinolones (z = 19, 21) 23.7
Dibenzoquinolones (z = 23—27) 16.7
Tribenzoquinolones (z = 29, 31) 115
Dibenzothiaquinolones (z = 23-27) 17.3
Tribenzothiaquinolones (z = 29, 31) 8.0
Benzoquinolinecarboxylic acids (z = 21, 23) 13.9
Dibenzoquinolinecarboxylic acids (z = 25, 27) 8.6

13.2
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ed from resins contain strong (N, = 1.4 mass %)
and weak N 1, = 2.1 mass %) nitrous basic com-
pounds. The IR spectrum of the concentrate
exhibit absorption bands inherent in pyridine
benzologues (inflection at 1576 cm™!) and in the
carbonyl group of the amides (inflection at
1650 cm ™) those are characteristic of strong and
weak NB, respectively [17]. The absorption
bands at 3211 and 1720 cm™! indicate the pres-
ence of carboxyl-containing nitrogen compounds
those, depending on the position of the car-
boxyl group with respect to the nitrogen atom
could exhibit either strongly or weakly basic
properties [18]. One should not exclude the pres-
ence of bases containing phenolic hydroxyl
group in the structure (absorption of the free
OH groups is located at 3600 cm™, that of the
bound OH groups being at 3585 cm™), as well
as sulphoxides (1037 cm™) in the mixture. The
latter are similar in the properties to the weak-
ly basic nitrogen compounds [9], and thus they
could be extracted from complicated organic
mixtures by means of the reagent we used [19].

The subsequent separation of the concen-
trate obtained on silica gel modified with hy-
drochloric acid, allows one to obtain products
containing either a mixture of strong and weak
bases, or strong bases only [11]. With the use
of the mass spectral analysis, we demonstrat-
ed that the composition of the strong NB of
the resins under investigation involves the alkyl
and naphtheno derivatives of benzo-, diben-
zo- and tribenzoquinolines, thiopheno- and ben-
zothiophenoquinoline, benzo-, dibenzo- and
tribenzoquinolinecarboxylic acids (Table 1). Pre-
vailing compounds are presented by aza-are-
nes (48.9 rel. %), whose distribution maximum
falls at dibenzoquinolines (22.6 rel. %). Among
the strong sulphur-containing (29.2 rel. %) and
carboxyl-containing (21.9 rel. %) nitrogenous
bases, such compounds as benzothiophenoquin-
olines (13.2 rel. %) and dibenzoquinolinocarbox-
ylic acid (11.8 rel. %) are characterized by a high
content. The weak NB of the resins are pre-
sented by the derivatives of benzo, dibenzo
and tribenzoquinolone, of dibenzo- and triben-

Asphaltenes/Resins
BBT3
Liquid phase Solis phase
Hexane/benzene LAC Ethanol/benzene
1:1 1:
Non-polar Polar fraction
fraction
Reduction by LiAlH,4
Reduction
products GC-MS

Fig. 1. Schematic diagram of studying the macromolecular fragments of resins and asphaltenes containing ether/ester bonds.
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zothiaquinolone, as well as by the derivatives of
benzo- and dibenzoquinolinecarboxylic acid. Prevail-
ing compounds are presented by heterocyclic aro-
matic amides (52.0 rel. %), whose distribution max-
imum falls at benzoquinolones (23.7 rel. %). The most
part of weak sulphur-containing (254 rel. %) and
carboxyl-containing (225 rel. %) nitrogenous bases
is presented dibenzothiaquinolones (17.3 rel. %) and
benzoquinolinecarboxylic acid (13.9 rel. %).

Characterizing the oxygen-containing molecular
fragments of the resin-asphaltene components
of the Usinsk oil

The destruction of the ether and ester bonds
by boron tribromide occurs wvia the reactions
outlined in Scheme 1 [20].

In the case of interaction between the re-
agent and the resins or asphaltenes under in-
vestigation one can observe the formation of
two phases, the liquid phase and solid phase
(see Fig. 1). The IR spectra of the liquid bromi-
nation products exhibit distinct absorption bands
inherent in C—Br bonds in alkyl bromides (622,
570, 550 cm™!), which indicates the presence
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of fragments containing ether and/or ester
groups in the RAS macromolecular structure.
In addition, the IR spectra of the liquid phase
of RAS exhibit absorption bands inherent in
paraffinic chains (2922, 2852, 2729, 1462,
1378 cm™!) aromatic rings (1602, 874, 805,
758 cm™!) and sulphoxides (1029 cm™?).

The set of absorption bands in the IR spec-
tra of the solid phase indicates the presence
of fragments containing aromatic (1589, 810,
780, 751 cm™!) and aliphatic compounds (2919,
2849, 1440, 1377 cm™!) in the macromolecular
structure of resins and asphaltenes. Further-
more, they contain sulphoxides (1030 cm™!) and
fragments presented by carbazoles (stretching
vibrations of the NH group at 3420 cm™!) and
acids (stretching vibrations of OH groups at
3235, 1700 cm™!). The absorption bands inher-
ent in alkyl bromides are almost absent. in the
IR spectra of the solid phases These results al-
lowed us to suggest that the ether/ester bonds
are located in the end (“peripheral”) parts of
the macromolecules of resins and asphaltenes,
thus the products of the destruction thereof
enter the liquid phase.

5 15 25 35 45 55 65 75 85
Time, min

Fig. 2. Chromatography-mass spectral patterns for the reduction reaction products resulting from the alkyl bromides of
the Usinsk oil resins (a) and asphaltenes (b) with respect to ions with m/z 57 (n-alkanes).
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In order to investigate the composition of
the resulting products the liquid phase was di-
vided into a polar and non-polar fractions; the
latter was reduced with lithium aluminum hy-
dride, to analyze the products obtained by
means of CMS.

According to the results of the CMS anal-
ysis, the structural fragments of resinous and
asphaltene macromolecules containing ester
groups include n-alkanes, aromatic hydrocar-
bons (AH) and heteroatomic compounds.

Alkanes with normal structure in the reduc-
tion products of resins are presented by C,,—
C;, homologues (see Fig. 2, a), whereas those
in the reduction products of asphaltenes are
presented by C,5—C;; homologues (see Fig. 2, b).
The maximum in the distribution thereof pri-
marily falls at C;3—C,, compounds. A similar
molecular mass distribution of n-alkanes is re-
vealed for the reduction products of oil asphalt-
enes taken from a number of oilfields in China
[20]. It should be also noted that there is a high
content of C;, homologue observed in the n-
alkanes of the resins.

Among the AH belonging to the reduction
products of resins and asphaltenes there are
mono-, bi- and tricyclic structures present with
a maximum content (50.8—76.1 rel. %) of mono-
cyclic compounds (Table 2). Among those there
were identified monoalkylbenzenes (m/z 91)
alkyltoluenes (m/z 105), alkylxylenes (m/z 119),
1-alkyltrimethylbenzenes (m/z 133). The res-
ins are characterized by an increased content
of monoalkylbenzenes, whereas the asphalt-

Intensity

TABLE 2

Content of aromatic hydrocarbons in the products of
resin and asphaltene reduction, % with respect to the
sum of aromatic hydrocarbons identified

Compounds Content
Resins Asphaltenes

Monoalkylbenzenes 21.6 23.2
Alkyltoluenes 18.2 28.8
Alkylxylenes 6.6 13.2
1-Alkyltrimethylbenzenes 44 10.9
Naphthalenes 27.3 14.0
Diphenyl 149 -
Phenanthrenes 7.1 9.9

enes are characterizes by an increased content
of alkyltoluenes (see Table 2).

Monoalkylbenzenes (m/z 91) inherent in the
resins (Table 3 and Fig. 3) are presented by ho-
mologues C,,, Ci;, Ci5, Cjg, those we assigned
by us to phenylalkane isomers with different
positions of the phenyl substituent in the alkyl
chain [21, 22]. The mass chromatograms of
alkylbenzenes inherent in asphaltenes do not
exhibit peaks 1, 2 and 10, which indicates the
absence octylbenzene, 1-butylheptylbenzene, 1-
methyldodecylbenzene in their structure. In both
cases, the most of monoalkylbenzenes are pre-
sented by C;3 and C,, isomers.

The alkyl substituted alkylbenzenes with m/z
105, 119, 133 inherent in the reduction prod-
ucts of resin contain a lower number of car-
bon atoms than the respective structures of

Ry

CH

Ro

/T —— 7T 7T T 7T T T 7
24 26 28 30 32

3,4

LIRS N S S S S S S S S S S S B S S S S S S S R

36 38 40 42 44 46 48

Time, min

Fig. 3. Chromatography-mass spectral patterns for the reduction reaction products resulting from the alkyl bromides of
the Usinsk oil resins, with respect to ions with m/z 91 (alkylbenzenes): 1 — octylbenzene, 2 — 1-butylheptylbenzene,
3 — 2-propyloctylbenzene, 4 — l-ethylnonylbenzene, 5 — l-methyldecylbenzene, 6 — l-pentylheptylbenzene,
7 — l-butyloctylbenzene, 8§ — 1l-propylnonylbenzene, 9 — l-ethyldecylbenzene, 10 — l-methyldodecylbenzene,
11 — 1-pentyloctylbenzene, 12 — 1-butylnonylbenzene, 13 — 1-propyldecylbenzene 14 — l-ethylundecylbenzene.
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TABLE 3
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Content of alkylated benzene derivatives in the products of resin and asphaltene reduction, % with respect to the

sum of aromatic hydrocarbon types identified

Total number Monoalkylbenzenes Alkyltoluenes Alkylxylenes 1-Alkyltrimethylbenzenes
of C atoms m/z 91 m/z 105 m/z 119 m/z 133

in alkyl Resins Asphaltenes  Resins Asphaltenes Resins Asphaltenes Resins Asphaltenes
substituents

Cs - - - - 12.3 - - -

Cq - - 41 - 9.6 - 16.1 -

C,; - - 6.5 - 124 - 124 -

Cq - - 17.8 - 114 - 243 -

Cy - - 48 5.0 75 - 15.6 15.5

Cyy - - 6.2 5.0 5.5 42 12.6 20.2

Cy - - 131 15.8 7.3 12.7 7.2 21.7

Cyy - - 16.3 22.9 71 25.3 11.8 154

Cis - - 15.3 21.7 16.2 25.6 - 7.3

Cyy 24.7 - 7.3 12.6 10.1 175 - 13.3

Cis - - 48 10.1 - 7.8 - 6.6

Cig - - 3.8 6.9 - 6.9 - -

Cyy 17.8 20.8 - - - - - -

Cig 29.3 42.0 - - - - - -

Ciy 28.2 37.2 - - - - - -

Note. Dash denotes the compound to be absent.

asphaltenes (see Table 3). So, among the alkyl-
toluenes of resins there are compounds with
an alkyl chain length of from 6 to 16 carbon
atoms, among the alkylxylenes there are chains
having from 5 to 14 carbon atoms, among the
trimethylbenzenes there a those having from 6
to 12 carbon atoms. The maximum content is
exhibited by alkyltoluenes Cg, C;5, Cy3, alkyl-
xylenes C;, C;, C;5 and alkyltrimethylbenzenes
Cg and Cy.

In the case of asphaltenes, for toluenes the
alkyl chain length amounts to Cq—Cy4, for xy-

Naphthalenes
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Content, %
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Content, %

lenes — C,;—Cy4, for trimethylbenzenes Cy—C,;
carbon atoms. The bulk thereof is presented
by C,,, C,5 alkyltoluenes, C;,—C,, alkylxylenes
and Cy,—C,; alkyltrimethylbenzenes.

The bicyclic AH of resins are presented by
biphenyl, naphthalene and C,—C, alkyl deriv-
atives of the latter (see Table 2, Fig. 4, a).
Among the asphaltene reduction products there
were only C; and C, alkyl naphthalenes identi-
fied. The maximum in the distribution of res-
inous alkyl naphthalenes falls at C, homologues,
that of asphaltenes falls at C; homologues.

Phenanthrenes

7

[ Resins
Asphaltenes

07| 0
60
50 1
40
30 1
20 1
104

zz7

C2

Co C1

Fig. 4. Distribution of the compounds belonging to naphthalene (a) and phenanthrene (b) series.
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TABLE 4

Content of aromatic sulphur compounds in the products of resin reduction,

% with respect to the sum of sulphur compounds identified

m/z Compounds Empirical formula Content
Benzothiophenes

162 C, C,oHS 6.9

176 C, C;H,S 1.9

190 Cy C,H,,S 11

204 Cs C3H5S 3.3
Dibenzothiophenes

184 Cy C,HgS 18.8

198 C, C,3H,,S 23.3

212 C, C,H,,S 22.6

226 C, CsHsS 13.2

Among resinous tricyclic AH there are
phenanthrene and C,;, C, alkyl derivatives
thereof (see Table 2, Fig. 4, b). No obvious dif-
ferences in the content of the compounds iden-
tified were observed. In the case of asphalt-
enes the tricyclic AH are presented by phenan-
threne and its monomethyl substituted struc-
tures with a maximum content of the latter.

Heteroatomic components were detected only
in the reduction products of alkyl-bromide res-
ins. They are presented by aromatic sulphur
compounds those are composed of C,—Cj alkyl-
benzothiophenes, dibenzothiophene and C,—C,
alkyl-substituted structures (Table 4). Sulphur-
containing structures (77.8 rel. %) are mainly
presented by dibenzothiophenyl. The maximum
in the distribution of alkylbenzothiophenes are
accounted for homologues of C; that in the dis-
tribution of alkyldibenzothiophenes is deter-
mined by the homologues of C; and C,. Among
the composition of alkyl-substituted structures
there were identified dimethyl, trimethyl, eth-
yl, methylethyl, dimethylethyl, diethyl, eth-
ylpropyl-, methyldiethyl-, methylbutylben-
zothiophenes, as well as methyl, dimethyl, tri-
methyl, ethyl, and ethylmethyldibenzothio-
phenes.

CONCLUSION

The results of our investigations have dem-
onstrated that the structural fragments contain-
ing ether group and/or ester groups are in-

volved in the structure of the macromolecules
of the resins and asphaltenes of heavy oil. Ni-
trogenous bases in the form of supramolecular
structures are present only in the structure of
the resinous components.

Ether/ester bonds could be located in the
end (“peripheral”) parts of RAS macromole-
cules. The structural fragments of of resinous
and asphaltene macromolecules with ester
groups contain n-alkanes, phenylalkanes, alky-
Itoluenes, alkylxylenes, trimethyl substituted
alkylbenzenes, alkyl derivatives of naphtha-
lene and phenanthrene.

Aromatic and aliphatic hydrocarbons inher-
ent in asphaltenes are characterized by a great
number of carbon atoms in paraffinic chains.
The macromolecules resins of contain biphe-
nyl, holonuclear naphthalene as well as alkyl-
substituted benzo- and dibenzothiophenes.

The most part of the nitrogenous bases of
the resins studied consists of alkyl- and naph-
thene-substituted dibenzoquinolines, ben-
zothiophenoquinolines, benzoquinolones, diben-
zothia- quinolones, benzoquinolino- and diben-
zoquinolinecarboxylic acids.

The data obtained append the concepts con-
cerning the structural features of resinous and
asphaltene macromolecules inherent in heavy
oils, being of importance when dealing with
the issues related to the processing thereof.
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