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ABSTRACT

The components of the volatile fraction of a coal tar pitch were studied by capillary gas chromatography and combined gas
chromatography-mass spectrometry using the stationary phase SE-54 in both instances. The molecular weight and the retention indices
of each identified compound are given. These values are compared with those determined on the stationary phase OV-1701. Relation-
ships between information from the gas chromatography study and from the thermal reactivity of coal tar pitch components are

discussed.

INTRODUCTION

Coal tar pitches are very complex mixtures of
polynuclear aromatic hydrocarbons (PAHs) and
heterocyclic compounds [1] and they behave as
eutectic mixtures. Their chemical compositions,
physical properties and structures are not known
with any degree of certainty. However, it is obvious
that their behaviour, reactivity and properties are
governed by their composition, and it is generally
accepted that the search for relationships between
composition, properties and behaviour in the study
of carbonaceous materials constitutes the key for a
more rational use of these materials [2].

However, the study of their composition is very
difficult. Sample fractionations and subsequent
characterization of the fractions obtained may be an
adequate approach [3-5]. Another possible ap-
proach is the characterization of the volatile fraction
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and the search for relationships between the com-
position and properties of the entire coal tar pitch.
Whatever the approach used, the reproducibility of
the fractionation or extraction experiment should
always be taken into account. Our experience with
coal tar pitch extractions has shown a reproducibili-
ty of experiments with some solvents [6], which
hinders the correct qualitative and quantitative
characterization of coal tar pitches.

Capillary gas chromatography (GC) and gas
chromatography-mass spectrometry (GC-MS) [7,
8] are two of the most powerful techniques for the
study of mixtures of polynuclear aromatic com-
pounds. In our efforts to study in depth the volatile
fraction of a coal tar pitch, we have reported the
retention indices of the possible components of this
complex mixture [9] on OV-1701 stationary phase
(86% methyl, 7% phenyl, 7% cyanopropyl). In this
paper GC and GC-MS studies of the volatile
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fraction of the same coal tar pitch using SE-54
stationary phase (94% methyl, 5% phenyl, 1%
vinyl) are reported. The retention indices and the
masses of all the peaks obtained are given. These
values are compared with those determined on
OV-1701. Relationships between information from
the GC study and the thermal reactivity of coal tar
pitch components are discussed.

EXPERIMENTAL

The sample was the fraction of a coal tar pitch
obtained by extraction in an ultrasonic bath using
toluene as solvent. The characteristics of the coal tar
pitch and the extraction procedure have been de-
scribed in detail elsewhere [6].

Retention times were determined with a Model
8320 gas chromatograph (Perkin-Elmer, Beacons-
field, UK) with flame ionization detection (FID).
Separation was carried out on a fused-silica capil-
lary column (25 m x 0.22 mm I.D.) (Chrompack)
coated with SE-54 stationary phase with hydrogen
as the carrier gas at a flow-rate of 1.8 ml/min
(measured at the working temperature). The split-
ting ratio was 1:120. The detector and injector
temperatures were 300°C and the column tempera-
ture was programmed from 50 to 300°C at 4°C/min.

The PAH retention indices (/) [10,11] were calcu-
lated as follows:

t,(compound) — t(n)
Ltin+ 1) —t(n)

where 7 is the number of rings in the hydrocarbon
standard that elutes prior to the substance being
measured, ¢t,(compound) is the retention time of the
analyte compound and #(#) and #.(n + 1) are the
retention times of the PAH standard that elutes just
before and after the analyte compound. The stan-
dards used were naphthalene, phenanthrene, chry-
sene and picene. Some retention indices after picene
were calculated from an extension of the chrysene—
picene interval. The number of determinations was
more than 10.

Mass spectral data were obtained with a Hewlett-
Packard combined Model 5880A gas chromato-

I= 100[;1 + )

¢ Alternant systems contain only six-membered rings; non-
alternant systems have at least one five-membered ring.
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graph-Model 5987A mass spectrometer. The same
capillary column as used in GC coated with SE-54
was connected directly to the ion source. The
instrument was calibrated with perfluorotributyl-
amine and electron impact mass spectra were re-
corded at an ionization energy of 70 V. Peaks in the
mass spectra were identified through comparison
with other spectra in the literature [12]. Further,
for the identification of the compounds, previous
knowledge of the chromatographic behaviour (on
stationary phases of different polarity) of a large
group of compounds belonging to the different
families of compounds present in coal tar pitches
was used [13,14].

RESULTS AND DISCUSSION

Fig. 1 shows the chromatogram of the volatile
fraction of Al coal tar pitch on SE-54 stationary
phase. Table I gives the retention indices, the mass
and the compound assigned to each peak in Fig. 1.
The retention indices of some of the coal tar pitch
components obtained on SE-54 are fairly close to
those obtained on SE-52 for standard compounds
[10,11].

In agreement with previous results [9], the fraction
examined is composed basically of polynuclear
aromatic cata- and peri-condensed hydrocarbons,
and among the latter there are alternant and non-
alternant systems®, acenaphtene and fluorene and
their benzo derivatives, some partially hydrogenated
PAHs, benzo derivatives of quinoline, carbazole,
dibenzo[b,d]thiophene and dibenzofuran, alkyl de-
rivatives of all the above-mentioned compounds and
PAHs supporting phenyl or naphthyl radicals.

Table II shows some components of the different
families together with the differences in their reten-
tion indices on SE-54 (non-polar) and OV-1701
(moderately polar) stationary phases. The data on
OV-1701 were taken from a previous paper [9]. For
the comparison of some incompletely identified
compounds such as methyl, phenyl or naphthyl
derivatives, the first isomer eluted was taken into
account. It was observed that the unsubstituted
PAHs show the same elution order with both
stationary phases, and in general they show a
smaller retention index on SE-54 than on OV-1701
(with some exceptions). However, the latter station-
ary phase is able to separate benz[a]anthracene,
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Fig. 1. Capillary gas chromatogram of the volatile fraction of a coal tar pitch on SE-54 stationary phase. For peaks, see Table L

chrysene and triphenylene (see Fig. 2), like Poly-179
polyphenyl ether sulphone [15] and mixtures of
BBBT liquid crystal and SE-52 silicone gum [16].
Acenaphthene, fluorene its benzo derivatives and
partially hydrogenated PAHs elute in a similar order
on both stationary phases, always before the corre-
sponding hydrocarbons. However, they show higher
retentions on SE-54 than on OV-1701, apart from
some benzo derivatives of fluorene. The alkylated
benzo derivatives elute in the same order on both
stationary phases, but in all instances (except for the
methyl derivatives of carbazole) their retention is
higher on SE-54 than on OV-1701. Other groups of
compounds such as phenyl and naphthyl derivatives
are also more retained on SE-54 than on OV-1701.

The oxygen benzo derivatives are more retained
on SE-54 than on OV-1701. The benzo derivatives of
dibenzo[b,d]thiophene show a similar retention and
elution order on both stationary phases, and there is
no general trend. The pyrrole and pyridine benzo
derivatives are retained much more on OV-1701

than on SE-54, especially the pyrrole derivatives,
which change their elution order. As shown in Figs.
1 and 2, the characterization of benzo derivatives of
carbazole can be achieved much better on OV-1701
because on this stationary phase these compounds
elute in a zone free from other compounds, whereas
on SE-54 these compounds elute in the chrysene—
methylchrysene range. For this reason, the quanti-
fication of these compounds in coal tar pitches using
the non-polar stationary phase is much more diffi-
cult, if not impossible. It is concluded that although
non-polar stationary phases such as SE-52 and
SE-54 have often been used for the chromatographic
study of PAHs in general, OV-1701 has advantages
for the characterization of the volatile components
of coal tar pitches.

The reactivity of a compound is governed by its
ability to establish interactions with other mole-
cules. In the chromatographic process the solute—
stationary phase interactions also control solute
retention. In a chromatographic run the stationary
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TABLE II

DIFFERENCES IN THE PAH RETENTION INDICES OF
SOME COMPOUNDS OF SEVERAL FAMILIES ON SE-54
AND OV-1701 STATIONARY PHASES

293

Compound ISE-54 _ ]0V~l 701 Comp()und ISE-54 _ IOV-I 701
Anthracene +0.3 Dimethylnaphthalene +1.8
Fluoranthene -1.0 Methylacenaphthene +34
Pyrene -0.4 Methyldibenzofuran +34
Benzo[c]phenanthrene 0.0 Methylfluorene +4.0
Benzo[ghi]fluoranthene —-1.1 Methylphenanthrene, -anthracene +19
Benzo[a]anthracene —~14 Methylcarbazole —149
Triphenylene +0.3 Methyl 4H-cyclopentaldef]phenanthrene +7.0
Naphthacene —~1.1 Methylfluoranthene, -pyrene +2.3
Benzo[j]fluoranthene —-24 Methylbenzonaphthofuran +3.0
Benzo[b]fluoranthene 2.7 Dimethylbenzonaphthofuran +4.7
Benzo[k]fluoranthene 25 Methylbenz[alanthracene +1.9
peeleree =
¥ : 2-Phenylnaphthalene +21
Perylene -2.5 Binaph
. ) inaphthalene +3.5
Dibenz]a,jJanthracene ~32 Phenylphenanthrene +5.5
Dibenz[a,clanthracene ~14 ’
Dibenz[a,hJanthracene -19 Benzo[b]thiophene -0.2
Benzo[ghilperylene -0.6 Dibenzo[b,d]thiophene +04
Benzo[a]naphthacene -1.0 Phenanthro(4,5-bcd]thiophene +0.1
Anthanthrene +1.7 Benzonaphthof2,1-d]thiophene —04
Acenaphthene +26 Benzonaphtho[l ,2—d]th%ophene —0.3
Benzonaphthof2,3-d]thiophene —1.3
Fluorene +2.3 Benzophenanthrothiophene +0.3
9,10-Dihydroanthracene +2.6 ’
9,10-Dihydrophenanthrene +3.7 Dibenzofuran +1.9
1,2,3,4-Tetrahydroanthracene +4.1 Benzonaphthofuran +1.2
4H-Cyclopenta[def]phenanthrene +1.5 Benzo[k/]xanthene +1.38
Benzolalfluorene +0.5 P
Benzo[b]fluorene ~0.0 gumolme —33
zafluoranthene —3.7
Benzo[c]fluorene —0.6 Dibenzoquinoline —-1.2
11 H-Benzfbclaceanthrylene -09 4 ’
4H-Cyclopenta[defichrysene ~1.1 Carbazole —-19.2
4H-Cyclopent[def]triphenylene -1.0 4 H-Benzo[def]carbazole —18.5
2-Methylnaphthalene 122 11 H-Benzo[g]carbazole —~229
7H-Benzo[c]carbazole —20.0
1-Methylnaphthalene +2.2 . _24.0
2-Ethylnaphthalene +5.6 SH-Benzo[b]carbazole .
4H-Naphtho[1,2,3,4-def]carbazole —18.7
Dibenzocarbazole —15.6

phase is the same for all components of the sample to
be chromatographed. For this reason, the difference
in the retentions of the several compounds in a
mixture on two stationary phases of different polari-
ty could be related to the reactivity of the com-
pounds.

In carbonaceous mixtures, such as coal tar pitch-
es, thermal reactivity is the factor controlling their
behaviour in the pyrolysis process, and for this

reason it has been studied experimentally for many
polynuclear aromatic compounds [17]. Although it
is very difficult to establish a reactivity scale among
the different polynuclear aromatic compounds, it is
generally accepted, on an experimental basis, that
among the unsubstituted PAHs the most thermally
reactive are those having an anthracene configura-
tion; the alkyl-substituted PAHs are more reactive
than the unsubstituted PAHs, the effect being more
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Fig. 2. Extension of a part of the capillary gas chromatogram of the volatile fraction of the coal tar pitch on OV-1701 stationary phase.
Peaks: 1 = Benzo[a)anthracene; 2 = chrysene; 3 = triphenylene; 4 = 11H-benzo[a]carbazole; 5 = 7H-benzo[c]Jcarbazole; 6 =

SH-benzo[blcarbazole.

pronounced the greater the number and length of
the alkyl groups. Further, some workers [18] have
identified as thermally reactive compounds 1-
phenylnaphthalene and 9,10-dihydroanthracene
and aromatics which have methylene bridges, such
as 1,2-diphenylethane. However, the thermal stabili-
ty of aromatics such as dibenzofuran [19] and
dibenzo[b,d]thiophene [19,20] is thought to be high,
and quinoline, isoquinoline and carbazole are con-
sidered to be very stable compounds [19].

From a careful study of Table II, it can be
concluded, with some exceptions, that the com-
pounds more retained on SE-54 than on OV-1701
are in general those considered to be more reactive in
thermal processes, whereas the compounds more
retained on OV-1701 than on SE-54 stationary
phase are in general those considered to be more
thermally stable.

It is known that solute-non-polar stationary
phase interactions are governed basically by disper-
sive interactions expressed by the molar refraction
or molecular polarizability of each solute [21-23]. In
addition, it is generally accepted that in solute—polar
stationary phase interactions, in addition to the
dispersive interactions there are also others that take

place due to the polarity [24,25]. From what has
been said, it might be considered that the thermal
reactivity of polynuclear aromatic compounds is
more closely related to the molecular polarizability
than to the polarity of the compound.

Studies directed towards the search for relation-
ships between the concentration of some families of
compounds in the volatile fraction of several pitches
and their thermal behaviour are in progress.
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