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SUMMARY

Gas chromatographic analysis of hydrocarbons with a commercial thermo-
desorption unit as injection device and intermediate trapping is applied to a series of
coal samples. Nine coals of different rank (vitrinite reflectance R, = 0.54 to 1.44%)
and maceral composition are selected for this purpose. Only a few milligrams of
finely powdered coal are required to determine the volatile hydrocarbons of a wide
molecular-weight range up to C;3. Both the repeatability of the method and the
influence of the thermodesorption temperature (200°C to 350°C) on the hydrocarbon
yields are studied. Pertinent data are compared with those obtained from solvent
extraction, liquid chromatography and gas chromatography of aliquots of the same
coals. Finally, organic geochemical parameters, such as the pristane—phytane con-
centration ratio, methylphenanthrene index (MPI1), occurrence of norprimarane and
retene in a resinite-rich coal and the abundance of biphenyl in a medium-volatile
bituminous coal are discussed.

INTRODUCTION

Organic geochemical studies of the bituminous constituents of coals usually
require solvent extraction, followed by liquid chromatography (LC) and gas chro-
matography (GC) for separation. However, due to evaporation losses during the
various analytical steps, the quantitative determination of hydrocarbons is generally
restricted to the higher-molecular-weight compounds with more than ca. 15 carbon
atoms for saturated and more than ca. 11 carbon atoms for aromatic hydrocarbons.
Thermal mobilization of hydrocarbons from solid matrices in a gas flow, combined
with capillary GC, represents an alternative and simple approach to the analysis of
hydrocarbons of a wide molecular-weight range in sedimentary rocks'~7. The present
contribution describes the analysis of the volatile hydrocarbon content in a series of
coal samples by a combination of micro-scale thermodesorption and capillary GC

0021-9673/87/$03.50 @ 1987 Elsevier Science Publishers B.V.
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using a commercial thermodesorption unit as the injection device. This method was
initially designed for environmental studies, such as the determination of atmospheric
organic pollutants concentrated in adsorbent traps, e.g. filled with charcoal.

EXPERIMENTAL

Thermodesorption

A thermodesorption—cold-trap injection unit (TCT injector, Chrompack, Mid-
delburg, The Netherlands) attached to a capillary gas chromatograph (Model 4160,
Carlo Erba, Milan, Italy) is used for this study. Hydrocarbons from coal samples
(1-5 mg sample weight requirement) are thermodesorbed ina 160 x 3 mm L.D. glass
tube. The cold trap consists of a 330 x 0.53 mm I.D. fused-silica capillary (100 mm
cooled section) coated with CP Sil-5 CB silicone of 5-um film thickness. The finely
ground coal sample (mainly 0.06-0.2 mm grain size) is placed in the desorption tube
between plugs of glass wool. Thermodesorption, generally at 300°C, and trapping at
—120°C + 4°C is performed in a helium flow of 6.5 ml/min for 12 min. The trapped
compounds are subsequently desorbed by heating the cold-trap to about 250°C for
15 min.

Gas chromatography

The gas chromatograph is equipped with a 50 m x 0.33 mm L.D. fused-silica
capillary, coated with SE-54 silicone (0.2 ym film thickness) as the stationary phase.
The oven temperature is programmed from 30°C to 280°C at a rate of 3°C/min. The
initial column temperature of 30°C causes an additional thermal focussing of the less
volatile compounds. Splitless introduction of the trapped compounds into the cap-
illary ensures maximum sensitivity of the system using flame ionization detection
(FID). Quantitative results are obtained with n-butane as external standard using a
chromatography data system (Multichrom, VG Laboratory Systems, Altrincham,
U.K.). Different response factors for the various compounds are not considered due
to the lack of reliable data®. In this respect, the yield data shown below represent
n-butane weight equivalents in microgram per gram of organic carbon content of the
coals. We can assume that this simplification is acceptable for the kind of data dis-
cussed here. The identification of aromatic hydrocarbons is verified by gas
chromatography-mass spectroscopy (GC-MS) measurements of the aromatics frac-
tion of the coal extracts.

Coal extracts

Details of extraction of coal samples (except for sample D) and subsequent LC
and GC analysis are described elsewhere®. Coal sample D is extracted with the ter-
nary azeotrope of chloroform, acetone, and methanol and then fractionated by me-
dium-pressure LC prior to GC analysis!®.

Samples

The coal samples studied (Table I) comprise a wide range in terms of rank
(i.e., from sub-bituminous B to medium-volatile bituminous stages) and maceral
composition. The mean vitrinite reflectance, which is a common rank parameter
(vitrinite is a prominent constituent of most coals), varies from 0.54% (brown coal



R. G. SCHAEFER, W, PUTTMANN

206

((4Y4] (9T (8L) (TzD 6°sp) 60 F I'6 (%] €1 (s€n suedapeIudd-u# G|
Ly TLl ¥'9 Sl ¥'5¢ 'l 6L o€ S'L (so1) SUBDIPRINL Y ¢]
(A3 €6 - ! u - - 01 u J[Ausydig 1
0°0¢ 0°0L L€ €92 €67 SO F vy - 61 081 sudpeyydeulAyRN-1 4
L6 el '8 Il T L0 F 8¢ ¥1 19 LS SUBDAPUL-U €]
9801 opil 29 6Ly 8¢ $0 F 9¢ - Ty £ suapeyiydeuifuleN-z 2
011 €T (L0 I's1 961 90 F 19 91 8¢ (€L aurdspo-# 71
'8¢ 8€L 9T 00L (oom - - T 991 susreyiydeN J
L0l 4 6 9T 1€l S0 F 69 vl IS ¥'s suedspur}-# |1
9yl 9pT 4 6L1 $9 I'e F (600 u (47 44 ouedRqg-u 01
¢'Ll T LTl 6 0'S I'l F €6 on 8¢ 6 SUBUON-U 6
T8y S6L 9 06 ()] Y0 F €1 90 Tl T8t SWIAX-0 3
Y91 $°€9C 9°001 LSl 60 TS F 961 80 T 0's§ sudlky-d -ut p
907 €12 €8 €s Sy 80 F LT 0’1 0¢ 19 2UBPO-U
048 6pEE Spl 6L u €0 F LE I'1 $T 9GL suanoy,
€611 81 $'8 001 791 ¥l F €S - Al 861 SUBXaYoRAIAYISN q
S0¢ 9°€g LSy £¢ I'y 607 F -¥'89 (44 v'T LS sueydoy-u [
¥8¢ 0012 Lb01 06 u L'S F 69T Ly L6 €6 suozuag e
I H D d q a o) g 14
Jjdwws jpo)) u0gpI04pA g

‘(,UOUBUIUEBIUOD) UTe1Id0UN dnfeA = , ‘yead padrow = ( ) {Suiddeprsao yead) payioads jou

= u ‘(I uonop I1B3U) Paydads JoN = —

SINTNTINSVAW d4NO0A 40 NOLLVIATA QIVANVLS 3HL HANTONI d 4 TdINVS 404 VIvVAd
(I 479V 949) SATIAVS TVOD 40 SAINAS V ¥0d SNOTIVOOIAAH AILOFTAS 40 D.00¢ LV (0 8/87) SQTHIA NOLLIdOSIAOWHEHL

I47149vL



207

MICRO-DESORPTION-CAPILLARY GC OF HYDROCARBONS IN COALS

- 80
u 4
u ()
u 44
u (€p)
u 143
u (901
u Ty
u
u 43
u (Lg)
u v'L
Ls 98
6S 86
- u
11z el
9yl 18
vl 6L
01 (a4
1 98
99 9Ll
9¢ el
u 1)
L1 (6'%)

0¢ S0l

(1rzn

6p1

@®zn
LL
€L
8L
€11
80T
997
1's
TS

vl
L'91
9'9¢C
LS
9'9¢
£pe
0'6¢
0y
iy

L'8€
oSy
Ley

o61)

82)

(A90)

(9]
L'ty
$Ll
8'TH
1'sT
TLS
$'86
9°LE
6'9¢

L0

70 F
PO F 9l
T0F ¥
0 F §¢
80 F 9
SO F LS
80 F €L
80 F 79
Y0 T 88
YT F 88
60 F 6L
T1 F S0l
€1 F I
01 F S
€1 F (89)
L'T F 09
80 F '+
1798
T1LF Sy
9°¢ F €01
vl F v
0T F 76l
T F 98¢
01 F0L
1L F6'L

el

£6
98¢
v'é
184

I'¢
T8
€€l
44!
1'vT
I'LT
Al
1'og
1¥3
0°€E
8PE

600
61¢

Cadd)
9'vT
T8

8¢
'y
1T
8'8
yye
£91
86
8'8¢C
91
801

u SUBIUOORLUT-U €€

u sueyuodeLNOJ-# TE
¥'6l SURJUOOBIUSH-U |
A4 SUBJUOSBLIL - (f
(724 SUBSOOBUON-U 6T
$'6C JUBSODEIO-U §T
vis suesoorydo-u (T
89¢ 2UBSOIEXOH-U 97
ges JuesodrIUdgd-U GT
['6¢ UBSOJRIII] U HT
Sy JUBSOOL]-U €T
(8°001) JuadY s
Tog suBso0d0(]-4 7
L1z QUBSOJUSH-U [T
ST auesooIg-u4 (7

u suaayueuaydiAqIdN-1 1

u suaryueusydiAylaN-6 b
L18 suereuwndioN d

u uaiyjueudqdiAyIdN- ©

u suaayiuruaydiAyIoN-€ U
(I'v0) QUBIPRUON-U 6]
L8 Juelfyd w
el JUBIAPRIVO-U §]
9T susIyIURUAYJ |
£'ee susteiydeN-*D )
0'€S sueisug |
(o91) suesaperidag-u /|
€6 SUBJIPRXIH-U 9]
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from Fushun, China) to 1.44% (coking coal from the Ruhr district) in this series®.
The rank of coal sample F is derived from spectral fluorescence measurements!?!.
Besides normal humic coals, some coals with a high content of special liptinite mac-
erals®, such as resinite (sample A) and alginite (samples B, F, H), are selected for this
study.

RESULTS AND DISCUSSION

Significance of data

Yields of selected hydrocarbons, obtained by thermodesorption at 300°C of
the nine coal samples, are listed in Table II. The repeatability of the method is ex-
emplified for coal sample D in terms of averaged yields and standard deviations (four
measurements). It is assumed that most of the scatter in the data is due to inhomo-
geneities in the samples, since only a few milligrams of powdered coal are used in the
analysis.

The influence of the thermodesorption temperature was studied for coal sample
D with respect to selected compounds at various temperatures between 200°C and
350°C (Table III). As expected, there is a considerable yield increase with increasing
temperature, even for the relatively volatile n-undecane (a factor of 3.1). For n-ei-
cosane the thermodesorption yield at 350°C is higher by a factor of almost 40 than
at 200°C in this example. Comparison of thermodesorption data with corresponding
data from solvent extraction, LC and GC analysis of an aliquot of the same coal
sample (Table ITI) leads to the conclusion that the pore structure of the coal prevents
a considerable proportion of the hydrocarbons from being thermodesorbed, even at
350°C, at the flow conditions applied in these measurements. Whereas for n-penta-
decane exactly the same amount of extracted and thermodesorbed material was found
(12.2 ug/g Cor), for n-eicosane (26.6 vs. 15.5) and n-pentacosane (28.5 vs. 11.4) the
difference is evident. It is emphasized, therefore, that the thermodesorption method

TABLE II1

AVERAGED THERMODESORPTION YIELDS (ug/g Co) OF SELECTED HYDROCARBONS
FROM COAL SAMPLE D AS A FUNCTION OF TEMPERATURE, COMPARED TO THE RE-
SPECTIVE DATA FROM SOLVENT EXTRACTION, LC AND GC ANALYSIS

n.d. = not determined. » = number of determinations.

Hydrocarbon Thermodesorption temperature (°C) Data from solvent
extraction, LC

200 250 300 350 and GC analysis
(n=3) (n=3) (n=4) (n=23)

n-Undecane 2.8 42 6.9 8.7 n.d.

[-Methylnaphthalene 0.4 1.6 44 5.9 n.d.

n-Pentadecane 1.1 3.1 9.1 12.2 12.2

n-Heptadecane 0.8 2.6 7.0 10.6 14.5

Pristane 1.8 8.4 28.6 43.0 111

Phytane 0.2 1.0 4.5 4.1 11.6

n-Eicosane 0.4 2.2 11.2 15.5 26.6

n-Pentacosane <0.2 1.4 6.2 11.4 28.5
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described here produces, at best, semi-quantitative data for the higher-molecular-
weight compounds. From the geochemical point of view, the major benefit of the
method arises from the quantitative determination of the lower-molecular-weight
hydrocarbons and geochemical parameters based on relative quantities of individual
compounds.

Organic geochemical aspects

The investigation of coal extracts was initially focused on normal alkanes and
branched, saturated hydrocarbons. The shape of the n-alkane distribution turned out
to be rank-related!2. Also, the pristane—phytane concentration ratio in the extracts
varies systematically with the rank of the coals as do their organic carbon content!?
or vitrinite reflectance!*. Thermodesorption of the bitumen from coals, as described
here, provides sufficient separation of pristane (peak j in Fig. 1) and phytane (m)
from adjacent peaks in the gas chromatograms only for some of the coals investi-
gated. The pristane-phytane concentration ratios, calculated from Table II, are as
follows (sample in parentheses): 6.1 (A), 3.3 (B), 8.3 (C), 6.4 (D), 5.5 (E), 3.8 (F), 3.6
(G), <2.1 (H). Comparing these values with those of Table I reveals, in terms of
their geochemical significance, a satisfactory agreement for coals A, B, C, F and H.
However, for samples D, E, and G the deviations between pristane-phytane concen-
tration ratios derived from extract data and thermodesorption are considerable in-
dicating that the separation efficiency of the GC column is insufficient.

Recently, the aromatic compounds in coal extracts have been subjected to
geochemical studies. The relative intensities of phenanthrene and four methylphen-
anthrene isomers (i.e., 1-, 2-, 3-, 9-methylphenanthrene) were used to create the so-
called methylphenanthrene index (MPI1), which in humic coals turned out to be
strongly dependent on rank!'®. When the thermodesorption method is used, phen-
anthrene (1) and its methyl derivatives (n, o, g, r) are partly superimposed on aliphatic
compounds in the gas chromatograms (see, e.g., Fig. 1d). Due to the loss of long-
chain alkanes in higher-rank coals (R, > 1%) phenanthrene and its derivatives ap-
pear to be sufficiently separated. In those cases (see, e.g., Fig. 1i), the evaluation of
the MPI1 on the basis of thermodesorption yields is reasonable. For instance, one
can calculate for coal sample I (measured vitrinite reflectance R,, = 1.44%) an MPI1
value of 1.40 corresponding to a calculated vitrinite reflectance’s R, = 1.46%. Even
for coal sample H (vitrinite reflectance R,, = 0.93%) the calculated values from
thermodesorption are perfectly accurate (MPI1 = 0.88; R, = 0.93%).

Another geochemical parameter which, particularly for coals from the Saar
district, turned out to represent a conclusive rank indicator, is the C4-naphthalene
(k)-phenanthrene (1) concentration ratio®. For instance, for coal sample H the con-
centration ratio (0.76) is not much different from the corresponding value obtained
by solvent extraction, LC, and GC (0.86).

A further geochemical characteristic of higher-rank coals is the occurrence of
biphenyl in the desorbed bitumen. This compound is present in remarkable amounts
in medium- and low-volatile bituminous coals (see peak i in Fig. 1i).

Besides rank determination, the kind of organic matter input in coals can also
be derived from molecular features of the bitumen. This is exemplified for coal sample
A by the occurrence of norpimarane (p) and retene (s) —both compounds were
identified by their mass spectra— which are known to be major constituents in the
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(Continued on p. 212)

Fig. 1.



R. G. SCHAEFER, W. PUTTMANN

Ve

(@)

212

JQ <,

uw ot

_EDE e
W_ 1

I 62

§i}£

_,ﬂAl

éé,_

T

82

px4

) | i
9 | o

S vz o




213

MICRO-DESORPTION-CAPILLARY GC OF HYDROCARBONS IN COALS

(p12 "d uo panuiuo) )

e e
(o1 6z gz 2 g o

ez ozl

vl
el 4}

w

L

(6)

o3

Ul Qf
“S— —
,, |
6 7 f
! .
ﬁ,
boe
1
i
”” i
v bl
ap 5q,e
uiw Q4
— ]
I f
|
|
i
. %l
i




R. G. SCHAEFER, W. PUTTMA?

214

uonedyNuUIP! Yedd D,00€ 18 mop WnIdy e ul (] 3[qe] 395) [-V SI[dWes [0 WOol] PagIosapouLIay)

(92)
22 52)

B2) (82)

{€2)
(ve) zz) (0z)

(1

13

,
sl

<

*II 21qe], 01 Surp10d0®
su0qJeo0IpAy jo sweidojewolyd sed Are(de) | 81y

ulw gl
44—

AL T

€l 2t 1

D~

6 P o7ge



MICRO-DESORPTION-CAPILLARY GC OF HYDROCARBONS IN COALS 215

diagenetic products of terrestrial resins!®'7. The presence of resinous components
in sample A was confirmed by microscopical analysis®.

CONCLUSIONS

In view of the complexity of the hydrocarbon composition of coals the use of
a single GC column is, admittedly, problematic. For future applications, the instal-
lation of at least one additional capillary applied in parallel, i.e. with a different
polarity, or the use of two-dimensional gas chromatography techniques (“selective
sampling”1®, “multi-chromatography”!®) will be necessary. However, despite the
limited separation efficiency in the present examples the method turned out to provide
various data of geochemical interest that are usually only obtained by elaborate
solvent extraction, LC, and GC procedures.

The use of sample amounts in the milligram weight range, as in this study,
appears possible. Therefore, the method offers an opportunity to study hydrocarbon
distributions in the coal matrix and adjacent rocks on a very small scale. For instance,
in a detailed investigation of solvent extracts from carboniferous coals it was found
that the distribution of extractable hydrocarbons within a coal seam is largely homo-
geneous, due to a process of spreading the mobile organic compounds throughout
the whole seam?°. Micro-scale thermodesorption of coals, combined with capillary
GC, could contribute to knowledge of the degree of homogenization effects in the
coal matrix.
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