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INTRODUCTION

An approach to processing coal-derived liquid is to utilize advanced
petroleum refining technology. Physical and chemical characteristics of the
coal liquid currently produced from the pilot plants is different from that
of petroleum crude. Although various coals may appear different, there is a
striking similarity in the nature of major chemical species present in the
coal liquids from different sources. Analytical data (1 to 7) on various coal
liquids and various distillation cuts show that coal liquids are composed of
bulk species such as straight chain hydrocarbons, 'asphaltenes', one or two
ring alkylated aromatics (such as alkylated benzenes, indans and naphthalenes),
phenols (alkylated phenols, indanols and naphthols). Straight chain hydrocar-
bons include slightly branched hydrocarbons such as pristine and phytane and
long chain monoolefins. The concept of using sulfur dioxide for upgrading coal
liquid is very attractive due to the fact that sulfur is going to be one of the
large byproducts of any coal conversion technology. Liquid sulfur dioxide is a
very good solvent for most of the bulk species in any coal liquid except for
saturated hydrocarbons. Now the coal liquefaction technology is very costly
due to several factors including consumption of large quantities of hydrogen to
liquefy coal. The recovery of saturated hydrocarbon, the hydrogen rich fraction,
from the coal 1iquid has great economic interest.

EXPERIMENTAL

Since liquid sulfur dioxide boils at -10°C, the extraction can be conducted at
atmospheric conditions. The liquid sulfur dioxide is obtained by cooling the gas
from the cylinder using Dry Ice-acetone mixture. When a coal liquid (usually in a
waxy state) is treated with liquid sulfur dioxide, the insolubles remain with the
minerals and the coal fragments as a solid residue. The SO,- solubles are separated
from the insolubles by filtration. The filtrate is degased to remove SO, from the
SO,- solubles. The hydrocarbons in the SO, insoluble residue are separateg from the
mifierals and coal fragments by soxhlet eXtraction with tetrahydrofuran (THF-additive
free). Both SO,- solubles and the THF extract of SO,-insolubles were_separated by
GPC. The detaiis of GPC separation technique is published elsewhere 7). The GEPC
system uses four 100A uStyragel columns (total length: 120 cm.) and THF (dry, addi-
tive-free)as the liquid mobile phase. Two hundred pl of 50% THF solutions of the SOZ_
solubles were separated into four fraction by GPC. Since the preliminary tests re-
vealed that the THF extract of the SO, insolubles are mostly saturated hydrocarbons
and other major bulk species are absent, the GPC did not play a significant role in
the separation except to remove the gc-nonvolatiles from the sample, as they belong
to larger linear molecular size. The GPC fractions 1 and 2 of SO -solubles are gc~
nonvolatiles and they can not be analyzed by GC-MS. All other fractions were analy:zed
by GC-MS. Proton nmr and ir gave some qualitative information on the nonvolatiles.
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RESULTS AND DISCUSSION

Liquid sulfur dioxide was used to separate two coal liquids produced from West
Virginia subbituminous coal and North Dakota lignite. The samples were obtained from
the pilot plant at Pittsburgh Energy Technology Center where SRC I process was used
for the liquefaction. Since the liquid sulfur dioxide separation of saturated hydro-
carbons from the coal liquid worked equally well for both coal liquids only the
separation of SRC from West Virginia subbituminous coal is discussed in detail for
the analytical evaluation of the SO2 separation. Figure 1 is the GPC of SRC from the
subbituminous coal. The components of the coal liquid are separated in the order of
decreasing linear molecular size . For analytical convenience the effluents from
the GPC were collected as four fractions. Fraction 1 is composed of high molecular
weight species which are nonvolatiles for gc separations. Fraction 2 is composed of
saturated hydrocarbons, which could be separated and identified by GC-MS and 'asphal-
tenes' (9)-a mixture of high molecular weight species which have comparable linear
molecular size to straight chain alkanes in the range n Cjsl3g to n c44Hgg. Vaccum
distillation separates the nonvolatile asphaltenes from the volatile alkanes. Frac-
tion 3 is composed mostly of phenols which have an 'effective linear molecular size'
of normal alkanes ranging from C7H;g to Cy3Hpg. Each molecule of phenol has a tend-
ency to hydrogen bond with one molecule of THF to result in an increase in effective
linear molecular size by 3 to 4 linear carbon units (propane to butane size). Frac-
tion 4 is mostly aromatics. In a non hydrogen bonding system such as toluene both
phenols and aromatics will have similar molecular size and hence they could not be
separated by GPC using toluene as the mobile liquid phase.

Figure 2 is the GPC of S0, -solubles of SRC from subbituminous coal. As in the
case of the sample in Tigure 1, the CPC effluent was collected as four fractioms.
After 50, treatment the GPC areas of fraction 1 and 2 have decreased and the analysis
of fraction 2 of S0,-solubles does not show any alkanes. Elemental analysis of
Fraction 2 after evaporating all the THF shows the following composition

C H S N 0
83.79% 7.39% 3.96% 1.64% 3.22%(by diff.)

The proton nmr spectra of fraction 2 of 50,-solubles resembles the mmr of asphaltenes
reported by other workers 1), The elemental composition and the GPC size distribution
agrees with the published values for coal derived asphaltenes 1,3) | Fractions 3 and 4
of S0p-solubles were separated and identified by GC-MS (see figure 4 and 5). These
fractions contain only a small amount of alkanes. The components are listed in-Table-
I and II,

Figure 3 shows the GPC of the THF extract of the SOj-insolubles. The GC-MS of
the THF extract is shown in figure 6 and the components are listed in Table III. The
THF extract is free of any phenols or aromatics and contains only straight chain hydro-
carbons showing the insolubility of striaght chain hydrocarbons as well as branched
saturated hydrocarbons in liquid 80, even after stirring the sample in S0y for several
hours.

When SRL produced from North Dakota lignite was treated with liquid sulfur
dioxide, the bulk of the coal liquid dissolved except the saturated hydrocarbons and
the mineral rich residue. The SO7-soluble part did not contain any saturated hydro-
carbons. The THF extract of the insolubles were mostly alkanes ranging from n-dodecane
(C1pHpg) to n-tetratetracontane (CghqHgp) -

Since most of the coal 1liquids are composed of more or less similar major species,
may differ in composition, liquid sulfur dioxide can be used to extract all the aromatic
species of the coal liquid, which is free of saturated hydrocarbons and ash percursors.
After degasing S0y, distillation under reduced pressure can yield all the phenols and
aromatics from the 50— solubles of the coal liquid. The residue which is more or
less identical to GPC~Fraction 2 of 509- solubles can be called coal asphaltenes. The
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average molecular size of coal asphaltenes (linear molecular size is more precise
since it is derived from GPC data) is smaller than that of petroleum derived asphal-
tenes.
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Table I Phenolic Fraction (GPC Fraction

Retention Time
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Compound
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Table I1 Aromatic Fraction

Retention Time
(min.)

Phenol

o-Cresol
p-Cresol + m-Cresol
Co-Alkylphenol
Co-Alkylphenol
Cy-Alkylphenol
Cp-Alkylphenol
C3-Alkylphenol
C3-Alkylphenol
C3-Alkylphenol
C3-Alkylphenol
C3-Alkylphenol
C3-Alkylphenol
C3-Alkylphenol
C3-Alkylphenol
C3-Alkylphenol
C,~Alkylphenol +
n Dodecane (trace)
C4-Alkylphenol
C4-Alkylphenol
C,-Alkylphenocl
CA—Alkylphenol

Compound

WWw oo~ W
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Phenol
Cy-Alkylbenzene
o-Cresol

-p~Cresol R

m-Cresol
Cy-Alkylphenol
C2—A1ky1phenol
Cy~Alkylphenol
CZ-Alkylphenol +
Methyl Indan +
Methyl Indan
Cy-Alkylindan
Naphthalene
Cp~Alkyl Indan
C,-Alkylindan
Cp-Alkylindan
Cy-Alkylindan
CZ—Alkylindan
Cp~Alkylindan
C1-Alkylnaphthalene
C3-Alkylindan + -
Cp-Alkylnaphthalene

Retention Time

#3 From S0, - Solubles)

n Cy3Hpg + Methyl Indanol

Cp-Indanol + C5 Alkylphenol

Cg-Alkylphenol + n Cj4H30 (tracc)
Co-Alkylindanol + Cg Alkylphenol
Cp-4dlkylindanol + Cg Alkylphenol
Cg-Alkylphemol + C, Alkyl Naphthol
Ce-Alkylphenol + C; Alkyl Naphthol

(min) Compound

21.7 C4~Alkylphenol

22.3 C4-Alkylphenol

23.2 C5-Alkylphenol +
Methyl Indanol

24.3 C5-Alky1phenol +

24,8 Methyl Indancl

25.7 C5-Alkylphenol

26.2 C5-Alkylphenol

26.6 C5-Alkylphenol

27.1 C5-Alkylphenol

27.7

28.3 C5-Alkylphenon +

29.1 Dimethyl Indanol

30.2

31.7

32.6

33.7

34.4

36.0 C3-Alkylindanol

36.5 C3-Alkylindanol

37.2 C3—Alky1indanol

38.2

(GPC fraction #4 From SO

Cl-Alkylnaphthol + C, Alkylindanol

3

o = Solubles)
Retention Time

(min.) Compound

18.9 C,-Alkylnaphthalene +
C3 Alkylindan

19.5 C3-Alkylindan

2052~ C3-Alkylindan - S e

21.5 C4-Alkylindan

22.6 C4-Alkylindan

23.4 C4-Alkylindan

24.2 Cog~Alkylnaphthalene +
C4-Alkylindane

24.6 C4-Alkylindane +
Co-Alkylnaphthalene

25.0 C4-Alkylindane +
Co-Alkylnaphthalene

25.5 C4-Alkylindane +
C2-Alkylnaphthalene

26.7 Co~Alkylnaphthalene

27.5 C2—Alky1naphthalene

28.1 Cs—Alkylindan

28.7 C3-Alkylnaphthalene

30.0 C3-Alkylnaphthalene

31.7
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Table III Hydrocarbon Chains Separated from THF Extract
of SO, - Insolubles

2

Retention Time Retention Time
(min.) Compound (min.) Compound
12.9 Tridecane 31.0 Eicosane
13.6 Tetradecane 33.4 Heneicosane
15.4 C14H3g 35.9 Docosane
16.7 Pentadecane 38.2 Tricosane
19.7 Hexadecane 40.4 Tetracosane
21.0 C16Hg 42.6 Pentacosane
22.7 Heptaéecane + Pristine 44.7 Hexacosane
25.6 Octadecane 46.7 Heptacosane
28.4 Nonadecane

I 1 | R T 1 [ 1 1 I
0 0 20 0O 10 20 0O 10 20 ml
Figure | Figure 2 Figure 3

Figure 1. GPC separation of SRC from West Virginia subbitwminous coal. The GPC
system constisted of four 100 A u Styragel colums and the THF flow rate of 1 ml/min.

Pigure 2. GPC separation of Sog—solubles of SRC from West Virginia subbituminous
coal. Fraction 3 and ¢4 are tidentified by GC-MS (see figures 4 and 5 as well as
Table I and II).

Figure 3. GPC of the THF extract of S0,-insolubles of SRC from West Virginia
subbituminous coal. See figure 6 for tﬁe GC-MS of the extract and Table III for
the identification of the compnents.
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Pigure 4. Total ion gas chromatogram of GPC fraction 3 of Soz—solubles (Figure 2).
Colum: 5% Dexsil 300 on 100/120 Chromosorb H~WP, 1/8 in. od & 8 ft., Carrier gas:
20 ml heliwn/min., temperature program: 80-270°C at 2C/min. for 40 min. followed by
4°C/min. See Table I for peak identification.

Figure 5. Total iom gas chromatogram of GPC fraction ¢ of S0,-solubles (figure 2).
Same GC condition as in figure 4. See Table II] for peak idehitification.

Figure 6. Total ion gas chromatogram of the THF extract of S0,-insoluble of SRC
from West Virginia subbituminous coal. GC conditions were same as in figure 4
except the temperature program of 80 to 270°C at 4°C/min. see Table III for peak
identification.
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