
CHARACFERlZATlON OF COAL-DERlVED FLLJkDS BY CAPILLARY COL- 
UMN GAS CHRQMAT’&X4l%Y-MASS SPECFROME?RY 

W_ BERTSti and E. ANDERSON 

Deprtment of Chemistry, University of Alabama, Unisersity, Ala. 354% (U.S.A.) 

and 

GUENTHER HOLZER 

Departffitrt of Biephysic, UpiversiSy of Houston, Houston, Texas 77004 (U.S.A.) 

A coal-derived &rid has been analyzed by high-resolution gas chromatography- 
mass spectrometry with glass capillary columns, both before and after Iiquid chroma- 
tography on silica gel. The bulk of the sampIe consists of only a few types of com- 
pounds. Alkyl-substituted indanes and tetralins account for most of the constituents at 
the high-molecular-weight end of the mixture and cycloalkanes are the predominant 
substance type in the high-volatility range. Substituted aromatic hydrocarbons and 
alkanes, in particular n-alkanes, are distributed over the entire boiling point range. 
Oxygen- and nitrogencontaining substances are present in only small concentrations 
and cannot be analyzed directly without enrichment. A new method for the concen- 
tration of eluents resulting from liquid chromato,orphy is introduced. 

ENTRODUcFrON 

The need for more and more energy with a concurrent decline-in petroleum 
supplies has focused interests to fuels derived from coal, shale and tar sands. Et can 
be expected that fuels derived from such sources will play a si,gcant role in the 
future. Coal is the most abundant source of energy in the U.S.A. Many different 
technical approaches to convert coal into liquefied fuels have been experimented 
with, dating back to World War 11. Within limits, some variables in the liquefaction 
pracess can be adjusted for a maximum yield of the desired products. Depending on 
the composition of the coal, varying proportions of undesirable byproducts also. have 
to be dealt with. The composition of liquefied coal must be known in some detail to 
determine the reaction mechanisms underlying the conversion process. The necessary 
steps can then be undertaken to obtain the best product distribution. 

Coal-derived fluids differ from petroleum products mainly in respect to the 
heteroc+ic &action. Nitrogen<ontining compounds and oxygenated substances 
arerelatively abundant in such fluids. & the_U.S.A., there are presently only a few 
pilot plants in operation. Most technical operations -are supported by the United 
States Energy Research and Development Administration and some of its agencies. 
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Many of the analytic2i procedures have been worked out at the Bartlesville Energy 
Research Center, and samples of coal fluids are available from this source for experi- 
mental purposes. 

Chemical characterization of coal liquids have been performed only on a 
limited number of samples. Such analyses have usually been limited to relatively 
narrow boiling-point fractions, due to the complexity of the mater& Some analytical 
data are also available on full-boiling-range liquids, but these are less detailed. 

I Coal fluids represent mixtures of extreme complexity and several analytical 
methods have been applied towards their characterization. In most cases, samples 
have been-divided into sever4 fractions by distillation_ Adsorption chromatography, 
gel permeation &romatography or a combination of both has been extensively used 
for group type separations’-‘. Acid/base extraction or ion-exchange techniques 
often preceeded chromatography and removal of certain groups of compounds by 
complexation or selective destruction has also been describeds*g. In most cases, several 
chromatographic steps had to be applied, making sample preparation rather time 
consuming. Spectroscopic methods, in particular NMR, have genenlly been applied 
to describe the overall compound distributioniO_ Mass spectroscopyLL-‘6 (MS) oc- 
cupies a special position in the analytical scheme. Both Iow-resolution and high- 
resolution MS have been extensively applied, usin, = matrices with sophisticated 
computer programs. This approach is especially useful for routine analysis, but has 
also been applied for the fraction containing heterocyclic and oxygenated compounds 
which are sometimes dificult to handle by chromatogmphic techniques. The cost of 
mass spectral instrumentation, however, is considerable. 

Some of the first and most impressive applications of high-resolution gas chro- 
matography (CC) with capillary columns have been in the field of petroleum chemistry 
where the technique is still extensively used. GC, however, has a limited scope in the 
overall characterization of coal-derived fluids. One of its major uses is for simulated 
boiiing-point distributions 17.18_ Short capihary columns are especially useful in that 
respect, since they easily cover a boiling-point range of several hundred degrees in a 
very short time with good accuracy and at minima! expenditure. 

Capihary column GC crm provide a detailed picture of individual components 
in a complex sample. In some cases, it may be desirable to identify such trace com- 
pounds for investigation of toxicological properties and to establish data which are 
reIated to he&h aspects. Although coa1 fluids have been fairly we11 chzmcterized in 
respect to the chemical grotips present, no detailed analysis of individual compounds 
by GC-MS has been done to this date. One purpose of this study was to obtain a 
picture of the distribution of major individual hydrocarbons. It was also of interest 
to determine to what extent the technique could serve as supplement or replacement 
for the mass spectral procedures in present use. 

EXPERIMENTAL 

Two Hewlett-Packard gs chromatographs, Models 5830 and 5720, with singEe 
flame ionization detector were used. Both instruments were mowed to accept gIass 
~apiIIary ~01umns. TO protect the capih~~ry columns from heavy materials, a short 
plug of approximately IO mg of Tenax GC (Applied Science, State College, Pa., 
U.S.A.) heId between two glass woo1 plugs, was inserted into the injector port glass 
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liner. The septum was partially insulated from the heat of the injector body by a disc 
of polyimide. 

Tkick-wall soft-glass tubing 1500 x 10 mm 0.D. x 4 mm I.D. (amble Glass 
Co., Article No. 46475) was rinsed with several solvents, including detergents. The tubes 
were then carefully rinsed with water and dried in a game. A Shimadzu glass drawing 
machine was slightly modified to accept this extra heavy tubing. 

OV-101 and Dexsil300 GC (Applied Science) served as stationary phases. The 
glass capillaries underwent different types of pretreatment before the final coating. 
Some columns were silanized in tke gas phase I9 followed by tke deposition of a layer 
of Silanox lOl’* (Cabot Corp., Boston, Mass., U.S.A.). Others were coated with a 
thin layer of Carbowax ZOM, heated to 275” overnight and then extracted with 
methylenec*kloridd’. The columns were coated by either the mercury plug methodZz 
or a modsed static evaporation technique= in which the column is screwed into a 
hot oven. All these techniques yielded columns of approximately equal performance. 
We do not have a preference for any particular procedure for these nonpolar col- 
umns. 

Group separations were performed on activated silica gel. Columns 300 x 
10 mm 0-D. were slurry packed with hexane Hexane and benzene (Burdick and 
Jackson Labs., Muskegon, Mick., U.S.A.) were used without furtker p-urification. A 
50-~1 aliquot of the coal fiuid (Syncrude from Western Kentucky Coal, obtained 
from Dr. J. E. Dooley) was transferred onto the head of the column with a syringe. 
3O-ml fractions were collected for each of these solvents. Further concentration was 
done by one of two methods: Blowing a gentle stream of purified nitrogen (charcoal 
cold trap) over the surface of the liquids, or by a modified microdistillation technique. 
In the latter, a Xl-ml Aask with a graduated tip at the bottom was used with a Snyder 
column. After the solvent had been reduced to 500 ~1 an appropriate aliquot, usually 
between 10 and 50 ~1, was withdrawn and injected into a small tube, 80 x 4 mm 
O.D., tilled with 20 mg of conditioned Tenax. Tke bulk of the soIvent was blown off 
at ambient temperature for a few minutes with nitrogen, at a flow-rate of 40 ml/mm. 
The adsorbent tube was pIaced directly into the injector port of the gas chromat- 
ograph for thermal elution of the trapped substances onto the glass capillary column. 
A small Strap at the beginning of the capillary, immersed in liquid nitrogen, provided 
tke necessary sharp injection. 

Identifications were performed on a LKB 9(loo gas chromatograph-mass 
spectrometer combination. The glass capillary column was connected to the instru- 
ment via Vespel ferrules (Alltech, Arlington Heights, Ill., U.S.A.). ‘Ihe glass capillary 
45 m x 0.35 mm I.D. was flow controlled at a rate of 3 ml/min. A single jet, held at 
250”, served as interface. Spectra were taken at an ionization voltage of 70 eV and a 
trap current of 80 PA. Scan time was 2 set per decade. Spectra were largely deducted 
from standard tableP. The boiling point distribution was determined by coinjection 
of a standard of n-alkanes. 

RESULTS AND DISCUSSPON 

Several coal-derived fluids of various boiling-point ranges were run by GC 
with glass capillary columns coated with a nonselective high-temperature phase. A 
fluid, derived from Kentucky coal and prepared by the Char-Oil-Energy-Development 
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(COED) process, was chosen for our studios. The ~brownish viscous liquid was 
centrifuged, but failed to produce a noticeable amount of sediment. 

Both acidic and basic substances are known to be present in the total fluid, 
and care has to be taken to select a glass capillary column with the proper acid/base 
behavior or to simultaneously employ two colunns, one with a slightly acidic and the 
other with a slightly basic surface. Glass capillaries were tested for their behavior 
towards acidic and basic compounds. An acidic standard was prepared consisting of 
phenol, cresol isomers and p-ethylphenol. Another standard contained the basic 
compounds pyridine, an 1-7~ and N,N-dimethylaniline. -4pproximately 10 ng of each 
of these compounds, in a smtable solvent, were introduced into the column and all 
substances eluted, although some tailing was observed, especially with the phenols. 
Since both types of substances passed through the column at trace levels, it was 
decided not to prepare columns with basic or acid surfaces. Such surfaces are difficult 
to prepare reproducibly. 

ROpei surfact- deactivation for glass capillary columns is of prime importance’ 
for the analysis of mixtures as heterogeneous as coal iluids. Such samples contain 
large amounts of relatively nonvolatile substances. These heavy ends cause a 
deterioration of column performance with extensive use. It is therefore important to 
protect the column from such materials. The application of a short precolumn is a 
possibility. Passage of the desired substances onto the analytical column, however, 
must be verified, and the adsorbent also must be highly inert. 

Two adsorbents, Carbopack BHT and Tenax GC, were tested for their 
suitability to serve as packing material for the precolumn. Plugs of approximately 
1 cm Ien_& were introduced into the glass injector port lines. A standard consisting 
of jr-alkanes in the range of C,-C, was used to determine the boiling-point range for 
which the method is applicable at a given injector port temperature. The data are sum- 
marized in Table I. It can be seen that Carbopack BHT is rather active, whereas 
Tenax GC is more suitable for the purpose. Substances having boiling-points as high 
as pentacosane (b-p. 410”) can be desorbed at 320” without difiiculty. 

For MS applications, capillary columns must meet additional requirements. 

COMPARiSON OF CARBOPACK BliT AND TENAX GC AS PRECOLUMN ADSORBENTS 
AT INJECXOR PORT TEMPERATURE OF 320” 

n-A kane Recovery from precolm (%) 

78 
28 
%O 

0 
0 
0 

100 
100 
100 
93 
87 
15 

<5 
0 
0 
0 
0 



Low bleeding 2t elevated temper2t~rz is of particular importance if the anzfysis of 
high-boiling substances is contemplated. A number of high-temperature stztionary 

phas& are commercially available. In some respect polar substrates such as the 
cyanosilicones are preferable since column deactivation becomes less critical. Resolu- 
tions are aIs0 often improved, since the elution of substances within 2 given boiling- 
point range is extended. Nonpolar phases, however, usually offer a wider temperature 
range and produce less bleeding at high temperature. We prefer OV-101 as stationary 
phase for high-temperature applications for these reasons. The phase can be used 
well beyond 200” at a very low background in the MS. Substances having boiling- 
points of above 350” can be eluted with ease. 

Separation schemes for coal derived fluids are complex, and generally involve 
acid/base extraction and various combinations of liquid chromatography. ft was 
planned to cut down on these sample preparation steps and take advantage of the 
extraordinary resolving power of an efficient glass capillary column. The selection of 
an essentia!ly nonpolar stationary phase results in a separation according to ihe 
boiling-points of the sample components. Fig. 1 shows the total ion current mon;tor 
chromatogram of the coal fluid under study. Substances eluting after n-heneicwsane 
have been omitted from the chart. Obviously, a considerable proportion of the com- 
ponents remains unresolved, especially at trace levels. About 280 mass spectral scans 
were taken during the run, but many substances eluted too fast to obtain adequate 
spectral scans. Overlap was still extensive in spite of the good separation power of 
the capillary. Investigation of the mass spectra revealed that most peaks were com- 
posed of several components. 

Table II summarizes the identitication of major components in the sample and 
gives an overview of the general nature of the most common substance types in the 
fluid. As expected, hydrocarbons, in particular homologues of substituted naphthenes, 
aromatics, indanes 2nd naphthaienes make up the bulk of the sample. The mass spectra 
clearly indicate the substance type, but in cases where more than two hydrogen atoms 
have been substituted by alkyl groups, 2 large number of different patterns is pos- 
sible. Since the mass spectra for such isomers are quite similar, GC retention data 
should be used if the identity of an individual compound needs to be established un- 
equivocally. 

There was no need for such detailed analysis, since the properties of interest 
of such homologues in 2 co21 fluid are similar. Substitution patterns were only estab- 
lished in a few cases where standards arc readily available. On well deactivated non- 
polar columns, elution generally follows the boiling-points of the substances. Some- 
times slight irregularities from this rule have been observedIg. Caution must therefore 
be exercised if the order of elution is used as the basis for structural correlations. 

Direct injection resulted in a very complicated chromatogram, and a way was 
sought to simplify the picture. A simple separation scheme involving silica gel coi- 
umn chromato_mphy was applied to reduce some of the interferences. The sample 
was divided into polar and nonpolar fractions. Considerable overlap was observed, 
but the distribution ratio of a particular component in the fractions provided ad- 
ditional ciues to its identity. Fig. 2 shows 2 to& ion monitor chromatogr2m of a 
hexane fraction. The sample was prepared by successive injection of several charges 
of preconcentrated hexane eluent into an adsorbent tube containing Tenax, followed 
by frontal development ofthe solvent. The method is simple, fast and easily applicable 
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T_?sXE zz 

Peak No. Compcmd Peak No. Compourd 

1 
3 
4 

7” 
9 

10 
11 
i2 
I4 
15 
17 
18 
19,20 
21 
23 
24 
25 
27 
28 
29 
31 
32 
34 
35 
36 
37 
38 
39-41 
43 
44 
45 

Z-50 
51,52 
53 
54 
56 
59 
60 
64-66 
61 
68 
69 
71 
72 
73 
74 
75 
17 
78,79 

3hane 
Chlorometkane 
C&O 
Pentane 
Dichloromethane 
2-Penterie 
2-Methylpentane ’ 
3-bfetkylpentane 
&Zexane 
Metky!cyclopen?.ane 
G&4 
C,HI, 
Benzene 
Cyclohexane 
Diiethylpeatane 
Cyclokexene 
C7H16 
C7Ht4 
DimetkyIcycIopentane 
C&s 
GJ& 
Dimetkylpentace 
Dimethylpentene 
3-Ethyl-l-pentene 
3-Ethyl-2-pentene 
CrAlkylcyclopentane 
G&E 
MetkyIhexadiene -F C&LB 
Toluene 
Metkylhexadiene 
2,SDimethylhexane 
C&s 
C&s 
DimethyIcyclohexarte 
Metkyletkylcyclopentene 
Dimetyhlcyclchexane 
DhnethyIcyclohexane 
DimetkyIqclokexane 
Methyletkylqclopentane 
Dimethylcyclohexene 
C&lkyIcyclopentane 
C&k 
C&lkyIcyclopentane 
Ethylbenzene 
TrimetkyIcyclohexane 
p_XyIene 
m-Xyfene 
Cd% 
Etkylcyclohexer!e 
Methylactene 
Trimethylcyclohexane 

SO 
82 
84,s 
87 
88 
!3O,Pl 
92,93 
95,96 
97 
98 

99 

IO0 
101 
102 
103 
104 
10.5 
106 
107 
108,lOP 
110 
111 
112 
113 
115 
117 
118 
119 
120 
121 
122 
124,125 
126 
127 
128 
129 
130 
131 
134 
135 
136 
137 
138 
140 

141 
142 
143 
144 

u-Xyiene 
CgHre 
Methylethylcyclohexane 
lsoprop~lbenzene 
Propylcyclohexane 
MethyIethyIcycIohexane 
PropyIcyclohexar;e 
n-Propylbenzene 
1-Methyl-3-ethylben 
I-Methyl_4_e&ylbenzene -i trans- 
hexahydroindan 
1,3,5-TrimethyIbenzene f 
metkybonane 
I-Methyl-2etkylbenzene 
l-Methyl-2stkylbenzeae 
C1,,HZO + C4-alkylcyclohexane 
1,2&TrimetkyIbenzene 
cis-Hexahydroindaa 
C,-Alkylcyclohexaae 
Cl&Z 
GAlkylcyclohexane 
CIOHz2 t C,-alkylcyclohexme 
G&o 
G&.3 
1,2,3-Trimetkylbe P C&L. 
CIoHls -!- G-aikylbenzene 
lildan 
sec.-Butylcyclokexane 
r;-Butylcyclohexane 
C,-Alkylcyclohexene 
C&IS 
C&lkylbenzene 
Cc-Alkylkenzene 
C&lkylbenzene 
C4-AlkyIcycIohexene + CIOH~S 
tran.vDecahydronaphthzpZrthalerze 
C&lkyibenzme + GoHIs 
cis-Deakydronapkihalene 
C4-Alkylbenzene 
C&L 
C&&zylbenzene 
c&18 i- c11%2 

Methyldecane + nor-urtdme 
MethyIdecahydronapkthalene 
Dimetkylindan 
Etkylstyrene t G-alkylbenzene +- 
S-metkylindan 
lfethy~decahj&onaphthaI~e 
C&lkyliidan t &dkylkenzene - 
C&lL~hemzne - 
5-Methylindan 
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TABLE II (cotiinuedl 

Peak No. Compound Peak No. Compound 

145 
147 
148 
150 

151 
153 
154 
155,156 
157 
158 
159 
160 
161 

Id2 
163 
164,165 
166 
167 
168 
169 
170,171 
172 
173 
174,17s 
177 
178,179 

131 
132 
183 
184 
185 
186 

187 
Ii38 
189 
190 
191 
193 
194,195 
196 

197 
198 
199 

CMethyIindan 
CS-Alkylbenzene 
Tetrahydronaphthalene 
C,Alkylbenzene + methyi- 
decahydronaphthalene 
C,Alkylbenzene 
CS-Alkylbenzene 
Naphthalene 
C&lkylindan 
C1-Alkylindan 
C,-Alkylindan 
C&lkylindan 
C,-Alkyhndan 
4,1-Dimethylindan 
C,-Alkylbenzene 
n-Dodecane 
Methyhetrahydronaphthaiene 
Ca-Alkyhndan 
C,-Alkylbenzene 
C6-Alkylbenzene f C13H2a 
Methyltetrahydronaphthalene 
C3-Alkylindan 
C3-Alkylindan 
Cl-Alkylindan 
C6-Alkylbenzene 
Ca-Alkyiindan 
Methyltetrahydronaphthalene i- 
&Hz, 
Ca-Alkylindan 
C&lkylindan 
C&lkjiindan d 
G&S 
Cs-Alkylindan 
Methyltetrahydronaphthalene + 
CA-alkylindan 
2-Methylnaphthalene 
CS-Alkyyiindan 
C,-Atkyltetrahydronaphthalene 
I-Methylnaphthrdene 
n-Trideeane 
C;clohexylcyclohe.xane 
DimethyItetrahydronaphthaIene 
Ethyltetrahydronaphthalene f 
~aikylbenzene 
C&lkyhndan 
C+Ukylindan 
c&Llky1indan 

200 

201 
2@S 
2005 
206 
208 
210 
212 
213 

214 
215 
216,217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
229 
230 
231 
232 
235 
237 
233 
240 
241 
243 
247 
249 
255 
260 
262 
263,264 
265 
268 
269 
273 
274 
277 
278 
279 

CZ-Alkyhetrahydronaphthaiene t 
me~thyicycIohexylhexane 
CZ-AIkyhetrahydronaphthaIene 
Cl-Alkyltetrahydronaphthalene 
Cz--AlkjrItetrahych-onaphthalene 
C3-Tetrahydronaphthafene 
&His 
CGHIS 
Cl&8 
C&lkylnaphtha!ene + Ca-alkyi- 
indan + C&a 
Ca-Aikylindan 
C,-Alkylnaphthalene f &HIS 
CZ-Alkylnaphtilene + GJ-Ls 
CI~HLS 
CZ-Alkylnaphthalene 
C,-Alkyhtaphthalene 
C&!kyInaphthalene i C&&S 
G&S 
CUHIS 
C&L, 
C,-Alkylnaphthaiene 
C&H,, 
C3_Alkyl-1,2_dihydronaphthaIene 
G&J i- G&L 
Diphenylmethane 
G&S 
C,,H, 
Ca-Aikyktaphtha!ene 
J&‘eniadecane 
CUHTO 
GA-L 
C,-Alkytiphthalene 
C,AlkyhtaphthaIene 
Fluorene 
Hexadecane 
G7DS 
Octahydrophenanthrene 
MethylfIuorene 
E-Heptadecane , 
CuJ& 
~Methoxykomie 
n-Uctadecane 
Dimethy!tluorene 
n-Nonadecane 
rr-Eicosane 
n-Heneicosule 

for any dilute sample which iec@es additional concentration by solvent removal. 
The procedure is espeoiaily useful for the conceutmtwn of relatively small sample 
volumes (Le., between lCrlO;,& 

Fig. 3 shows a chromato,gam of a sample which was concentrated by km- 
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verrtioti metihods, The surface of then hexa& eb_xmt was swept at rgom temperature 
with a- stnS3.m of purified nitrogen_. Both c&omato,~s zJs0 inciiciie good repro- 
ducibiEity betw&n the twd methods. Table EF_I lists substances identiiied in this frac- 
t&n_ 

Am&sis was also performed _on polar fractions. A m&itude of &bstiituted 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1.5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
W 
30 
31 
32 
33 
34 
35 
36 

37 
38 
39 
40 

41 
42 

G& 
a-Hexane 
Benzene 
Cyclohe~ne 
GET,, 
2,3_Dimetkylpentane 
Toluene 
C&kylcyclohexane 
MetkyIcycIokexane 
c3-my: -‘0pentane 
nz-Xylem r-xylene 
o-Xylene 
w&6 
1-Methyl-l-etkylcyclokexane 
Dimetkylkeptane 
C9Ka 
lsopropylbenzene 
Cs-Alkylcyclokexzne 
Propylcyclohexane 
mPropylbenzene 
1,4-Ethylbenzene 
I-Methyl-2ethylkcnzene 
Ca-Alkylcyclokexane 
C,osz f G&o 

r 

22: 
ButyIcyclokexzne 
CL-Alkylkenzene 
Ca-Alkylbenzene 
Decyne t C_-alkyIcyclokexene 
C&lkylbenzene 
Dec&y&onapktkaiene 
C&L 
Metkyldecakyckonapktkzlene 
bfetkyldcczky&onzpktkzJene 
Metkyidecakydronapktkafe=e i 
CL&L 
5-Metkylindan 
CMe*JlyIindan 
Tetrzlin 
C&Jkylkcnzene + ruetkyIdeca- 
kydro~phtkalene 
C&!kylindan 
CrAIkyIindan 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
80 
84 
88 
89 
91 
93 
94 

4,7-Dimethylindzn 
n-Dodecane 
Metkyltetrakydronaphne 
C5-Aikylkmzene + Cs-alkylindan 
G-Alkylbenzene f CJ& 
Cz-Alkylindan 
Ca-Alkyliidan i C&zf2c 
Cs-Alkylindan 
Cs-Alkylindan 
C&-L 
2-Me+hybapktkatene i C,-alkyl- 
indvl 
C,-Alkylindan 
C&&qyltetrakydronapktkalene 
C*.f-L 
C&lkyltetrakydronapktkaIene 
Cz-Alkyltetrzkydronapktkaiene 
C~Aikyltetrakydronpktkalene 
C&lkyltetrakydronapktka!ene 
C,-Alkylindan 
Cz-Alkylnaphthalege + CG& 
Cz-Alkylnapktkalene 
G3Hla 

G&3 

Ca-Alkyitetrakydronapktkalene 
C&u, 
c rr 13=1s 
C5-Alkyldikydrouaphtkalene 
Diphenylmethaue 
CJ%O 
n-Pentadeczne 
Cl&O 
C3-Alkylnapkffialene 
G&&Z5 
Fhoreae 
II-Eiexadecane 
c17a.5 
Cl&S 
tz-Qct2dme 
Dknethylfluorme 
n-Heptadecme 
n-Octadecane 
n-Nonadecane 
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phenols ranging up to C, were observed. Only traces ofnitrcgen-containingcompounds 
were detected. The analysis of the polar fraction will be the subject of a separate 
communication. 

Several coal fluids from different sources were compared by GC. As expected, 
large differences exist and the correlation among samples from different sources is 
vely poor. High-resolution GC does provide a good picture of the general composi- 
tion of such fluids and is a valuable aid in their characterization. The complexity of 
the samples, however, is beyond the present level of instrumental capability. Group 
separations by liquid chromatography, although time consuming, do provide the 
necessary simplification which makes a detailed analysis much easier. 
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