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This study develops aternative methods to evaluate restructuring processes of coay
organic matter (OM) during early to moderate maturation. Although different hetero-
compound fractions are analysed, the focus is on changes to the aromatic compound
composition of the extractable OM. Therefore, we introduce LC-MS, in addition to GC-MS
analysis, as arapid and efficient method to follow molecular maturity trends.

The idea behind our studies is to ascertain the influence of maturation-induced
restructuring processes of OM on the release of low molecular weight (LMW) compounds
(e.g., CO,, acetate, methane, hydrogen, etc.) from terrestrial bitumen as substrates for the deep
biosphere.

Studies are performed on a series of Cretaceous—Cenozoic humic coals within the New
Zedland Coa Band that comprises a relatively restricted range of coaly organofacies. The
selected samples cover a maturity range from Suggate rank [Rank(S;)] O (pest; R, c. 0.25%) to
12 (high volatile bituminous; R, c. 0.8%) (Suggate, 2000); i.e., up to the maturity threshold
for oil expulsion (Sykes and Snowdon, 2002).

Bulk geochemical data aready indicate complex OM reorganisation with increasing
maturation. Asphaltenes, for instance, show a clear decrease from peat to high volatile
bituminous coal. In contrast, no trend is observed for total maltene amounts, indicating that
processes such as insolubilisation (i.e. incorporation into the kerogen) occur mainly between
the kerogen and asphaltene fractions. This inference is supported by changes between maltene
fractions obtained from latroscan screening.

Our application of aromatic hydrocarbon analysis by LC-APCI-MS is based upon the
chromatographic separation of aromatic compounds according to the number of aromatic
rings due to charge-transfer interactions (e donor/acceptor). Results show that variations in
aromatic compound patterns and concentrations are related mainly to the stage of maturity and
only to a minor extent to organofacies variation. One obvious maturity trend is a general shift
in molecular aromaticity, i.e. an overal increase in the number of aromatic rings, although

concentrations of tri- and tetra-aromatic biomarkers decrease due to either degradation or



P220-WE

insolubilisation. In contrast, monoaromatic biomarkers first increase at early maturation
stages, possibly as a result of formation from aliphatic or polar precursors, before decreasing
a c. Rank(S;) 5-6 (sub-bituminous; R, 0.38-0.43%). This decrease coincides with the start of
generation of polyaromatic hydrocarbons (PAH) from kerogen at Rank(S;) 5-6. The amounts
of PAH increase with maturity and thus follow the expected trend also with regard to the
enhanced occurrence of PAH containing 3, 4 and 5 aromatic rings. Screening for highly
condensed PAH (>7 aromatic rings) by LC-APCI-MS was carried out on different polar
HMPLC fractions (Willsch et al., 1997) but none were detected for the studied maturity range.

Results of GC-MS analyss on individual terpenoid groups further confirm increasing
ring aromatisation from Rank(S;) 5-6. For example, the degree of aromatisation within 13- and
a-amyrin, and abietane derivatives first decreases and then increases from Rank(S;) 5-6.

Initial evaluation of hetero-functional alkyl compound distributions shows that with
increasing maturity polar compounds are degraded, and at higher maturities acids and esters
are generated. We observed significant changes in alkyl compound proportions of different
pol arity, with a decline from 58% n-alcohols in alow mature sample to 3% in a slightly more
mature sample. These changes in the proportions of functionalised alkyl compounds are
considered to be primarily maturity related and may be the result of the incorporation of
specific compounds such as acohols and fatty acids into asphaltenes and/or kerogen during
early maturation, similar to processes described for higher ranks (Larter et al., 1979).

Further investigation of the proportional changes in the molecular composition of coal
bitumen should alow interpretation of OM restructuring during maturation and with that,
estimation of the concomitant release of LMW compounds, with regard to their potential to

provide substrates for the deep biosphere.

REFERENCES

Larter, S.R., Solli, H., Douglas, A.G., de Lange, F. and de Leeuw, JW. (1979) Occurrence
and significance of prist-1-ene in kerogen pyrolysates. Nature 279, 405-408.

Suggate, R.P. (2000) The Rank(S;) scale: its basis and its applicability as a maturity index for
all coals. New Zealand Journal of Geology & Geophysics 43, 521-553.

Sykes, R. and Snowdon, L.R. (2002) Guidelines for assessing the petroleum potential of coaly
source rocks using Rock-Eval pyrolysis. Organic Geochemistry 33, 1441-1455.

Willsch, H., Clegg, H., Horsfield, B., Radke, M. and Wilkes, H. (1997) Liquid
chromatographic separation of sediment, rock, and coal extracts and crude oil into
compound classes. Analytical Chemistry 69, 4203-4209.



P221-WE

POSSIBLE CHEMICAL STRUCTURESAND BIOLOGICAL PRECURSORS OF
DIFFERENT VITRINITESIN COAL MEASURE IN NW CHINA

Dayong LIU and Ping'an PENG

The Sate key laboratory of organic geochemistry, Guangzhou institute of geochemistry, Chinese Science Academy,
Guangzhou, 510640, China

Some oil and gas wells relate to coas and coaly mudstones have been found in some
Jurassic coal -bearing basinsin NW China, for instances, in Junggar and Turpan-Hami basinsin
recent years (Huang et al., 1995; Wang et al., 1996). But little oil has been found in any
Carboniferous-Permian coal -bearing basin (Huang, 1991), such as Ordos basin in NW China,
though it contains large quantity of coal reserves and natural gases originated from coals. Since
hydrocarbon generation capacity and character of huminite may be dominated by that of
vitrinite, it's necessary to study structure of different vitrinitesin order to further understand the
mechanism of coal formed oils at molecular level.

Low maturated coals are acquired from Junggar, Turpan-hami Jurassic basins and
Ordos Carboniferous- Permian basin in NW China. Isolation of vitrinitesis succeeded by hand
pick from vitrains since vitrinite is the dominant maceral in coals. Purities of vitrinites are not
less than 90% examined using microscope.

Most desmocollinites in Junggar, Turpan-hami basins (e.g. JD1) have similar NMR
spectrathat show sharp methylene peaks at about 30 ppm. Aliphatic peaks in NMR spectra of
Jurassic telocollinites (e.g. TT1) are high, but those gas-prone carbons, such as terminal methyl
carbon and apha methyl carbon on aromatic rings (0-25 ppm), are in big proportion (Fig. 2).
And this indicates more side chains and less long chain aliphatics in structure of TT1
telocallinite than desmocollinite. Vitrinites in Carboniferous-Permian Ordos basin (e.g. OD1)
are mainly composed of desmocollinite. Since the maturity of OD1 is0.60%, apparently higher
than that of Jurassic vitrinites, the aliphatic peak is lower and the aromatic peak is higher. But
the shape of aliphatic peak of OD1 is similar to that of TT1, which indicates OD1 vitrinite is
mostly gas-prone, though it is mainly composed of desmocollinite.

Most vitrinites in Junggar, Turpan-hami basins have high Cs. production in pyrolysates
(Fig. 1). And proportion of each component differsfrom each other in pyrolysatesof vitrinites.
It shows that relative proportion of aiphatics, such as n-akanes/n-alke-1-nes, is high in
pyrolysates of hydrogen-rich desmocollinites in Junggar, Turpan-Hami basins. But aromatics
and alkylphenolsare dominant production in pyrolysates of Jurassic hydrogen-rich telocollinite.

And also aromatics and phenols are primary production while aliphatic hydrocarbons are in
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little proportion in pyrolysates of vitrinitesin Ordos basin though vitrinites are mostly consisted
by desmocollinite.

The distributions of phenolsin the pyrolysates of vitrinites at the same maturation level
are similar, which indicates phenols originated from lignins, the most abundant constitute of
wood in vascular plants. Similar distribution of n-alkanes/n-alk-1-enes distributions presented
in pyrolysates of desmocollinites in Junggar and Turpan-hami basins, which showing maxima
at nC21~nCzs. Existence of long side chain (up to Czs) alkylbenzenesis significant character of
hydrogen-rich desmocollinite in Junggar and Turpan-hami basins. It shows that “linear”

alkylbenzenes are more abundant in hydrogen rich desmocollinites in Junggar and
Turpan-hami basin than in other vitrinites.
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Figurel. TIC spectraof pyrolysates of several typical vitrinite

Pyrolysates of aganites, cutinite, sporinite and subrinite have been checked for the
comparation with Jurassic desmocollinite in Northeast China, thus to discuss the precursor of

extra high aliphatics component in pyrolysates of the desmocollinite. It shows that long chain
aliphatics are in high abundance in the strcture of suberinite (Khorasani and Michelsen, 1991),

and it may be the source of long chain aliphatics in desmocollinite in Jurassic coal -bearing
basinsin NW China.
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The palynolgical and the elemental composition of coals may reflect both differences
in plant assemblages and depositional environment at the time of peat accumulation (Sajgo
and Brukner-Wein, 2003). In this study we integrate the carbon and nitrogen isotopic
biogeochemistry of Tertiary Pannonian coals with palynology to elucidate the role of different
factors in codlification e.g. specified floral contributions (individual plant families), microbial
activity (bacteria decay, fungal degradation) and type of mire.

Bulk coal parameters, palynological characteristics and stable isotope ratios of organic
C and N were measured in a survey of 45 low-rank coals (lignites and brown coals) from two
different areas (samples were deposited in the Transdanubian Mid-Mountains during the
Middle Eocene: 9 coal fields, mostly in paralic environment, under subtropical climate and in
North Mid-Mountains during Middle Miocene: 5 coa fields in particularly paraic
environment with narrow seaways and their heteropic sedimentary facies at the margin of the
Pannonian Basin under warm temperate climate, probably mesophytic forest frost-free
winters).

On the basis of paynology, we differentiated paleobotanical assemblages (ferns:
Schizaeaceae and Polypodiaceae, Taxodiaceae-Cupressaceae, Palmae, Cupuliferae,
Myricaceae, Ericaceae and mixed types including Junglandaceae, Betulaceae), mire zones
(open marsh, swamp forest, semiterrestic forest, shrub fen, eutrophic forest and fern shrub),
preservation of microfossil structures (good, medium, weak, bad and very bad) and microbial
(fungal and bacterial) activity (weak, medium and strong).

Some geochemica mean data for paleobotanical assemblages are given in the next Table.
Dominant floral family ~ TOC[%]* H/C, N/C, S, /Cy Fe %] &“C[%]  &“°N[%o]
Schizaeaceae,

Polypodiaceae

(ferns) 55.67 0.79 0.022 0.026 0.98 -25.91 2.8
Taxodiaceae-

Cupressaceae 36.97 0.82 0.019 0.024 0.64 -24.96 4.7
Ericaceae 57.15 0.81 0.014 0.030 0.11 -25.73 3.2
Myricaceae 56.81 0.82 0.015 0.030 0.24 -25.54 -0.8
Cupuliferae 56.36 0.84 0.015 0.040 0.49 -24.95 2.6
Palmae 46.81 0.84 0.017 0.028 1.07 -25.79 2.8

*data of whole sample; all other data for isolated kerogens, . atomic ratio; Fe,,: pyriticiron
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Besides the phytogenic input the depositional and diagenetic impact on composition
coals can be determinative, consequently for grouping it is important to trace their palaeo-
environmental signature. The samples of Cupuliferae and Pamae progenitors are the most
hydrogen rich and the fern families originated coals are poorest, meanwhile phytogenic
precursors affected by accumulating in different mire conditions.

The variation of §°C and 5N vaues as function of maturation and maceral
composition was studied in coas (Whiticar, 1996 and Rimmer et al., 2006). The enriched
5N values in vitrinites were suggested to reflect microbial effect during codlification process
resulted in preferential remova of **N. We found that the N/C, and 8N values are higher
with increasing microbia activity. The Fig. 1 demonstrates the environmental marker

potential for N/C, and 8*°N values, which are useful as correlation tools.
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Figure 1. Relationship between atomic §'°N values and N/C atomic ratios in kerogens of
Tertiary coa from Hungary.
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The organic geochemical, petrological and palynological study was performed on
lignite coa samples from the Kovin mine, Kovin deposit, Serbia. The Kovin coal deposit is
located around 50 km east from Belgrade and is divided in two fields. western — field "A",
and eastern - field "B". It isa part of the "Banat-Morava' depression, which consists of clastic
sediments of Sarmatian (Middle Miocene), Pannonian and Pontian (Upper Miocene) age.
These sediments transgressively and disconformly overlie metamorphic complex of the
Serbo-Macedonian mass. Coal-bearing Pontian sediments are made up of loosely bounded
sand with three coa seams (upper, I-Ib; middle, 1I; lower I11). Mean random huminite
reflectance of coal from Kovin basin is 0.30£0.03.

The nineteen coa and one carbonaceous clay core samples were collected from
different parts of the I-Ib coa seam in the near-shore parts of the "A" field. For the organic
geochemical analyses, the pulverized coal samples were Dionex ASE extracted using
dichloromethane as a solvent. The asphatenes were precipitated and the remainder was
separated into three fractions using liquid chromatography over silica gel. The saturated
hydrocarbons were then analyzed by GC-FID and GC-HRMS (MAT95S). Maceral anaysis
was performed on a LEITZ DMLP microscope, at normal and ultraviolet reflected light, using
the oil immersion. Palynological analyses were performed on thin sections.

The n-alkane fraction comprises saturated hydrocarbons in the C;5-Cs; range, with an
odd-over-even predominance. Distributions of the n-alkanes from the Kovin lignites revealed
that long-chain (n-Cxs.33) compounds dominate the alkanes — with varying degrees of average
chain length. Acyclic isoprenoid hydrocarbons are minor constituents in the aliphatic fraction.
The maor biomarkers in al samples from Kovin deposit are diterpenoids. They were
identified as fichtelite, norpimarane, isophyllocladane, sandaracopimarane, isopimarane,

phyllocladane, abietane and dehydroabietane. 16a.(H)-phyllocladane is the major compound
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in all samples. Some demethylated diterpanes of pimarane class (e.g. norpimarane) and
isopimarane aso occur in higher amounts. 1sophyllocladane, sandaracopimarane and fichtelite
are found in small amounts, while abietane and dehydroabietane are present in very small
amounts. Coal from the Kovin deposit is characterized by occurrence of - and afj- hopanes.
The predominant hopanoid in most samplesis the hop-17(21)-ene.

Vertical variations of petrographic composition and palinospectres indicate four
distinct zones. I. Intermediate swamp zone, with high amounts of atrinite and partially
densinite, telohuminite, rezinite and suberinite (pollen grain Myrica); Il. The presence of fern
and swamp forests (Taxodiaceae, Cupresaceae Sequoia, Nyssa et al.), indicate the well-
developed wet forest swamp environment. High amount of textinite and partly ulminite
prevail in the coa from this zone; Ill. The reed marsh zone is related to drier parts of the
moor, and is represented by ferns (Polypodiaceae and Myrica). Textinite, together with high
amounts of attrinite and densinite, prevail in coa from this zone; 4. Forests around the moor
zone consist of: Carya, Salix, Platanus, Betula, Fagus, and Luquidambar. Coal from this zone
is rich in textinite, accompanied by inertinite and densinite. Relatively rare coniferous pollen
assemblages (Abies, Pinus, etc.), indicate the presence of hilly region in the vicinity of moor.

The results of organic geochemical, petrological and palynological investigation
suggest that coal-forming plants in the Kovin deposit were mostly gymnosperms (conifers).
High amount of phyllocladane-type diterpenoids (16a(H)-phyllocladane) indicates that coal
forming plant were conifer families Taxodiaceae, Podocarpaceae, Cupressaceae,
Araucariaceae, Sciadopityaceae, Phyllocladaceae (Otto and Wilde, 2001), while higher
amounts of isopimarane and norpimarane suggest Pinaceae, Taxodiaceae, and Cupressaceae
(Sukh Dev., 1989; Otto and Simoneit, 2001).
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Pyrolysis of fossil materias (i.e. lignites, coas, shales, etc.) in a stream of water vapor
was examined by Minkova et al. (1991). It was demonstrated that water influenced the yields
and characteristics of liquid products in comparison with the standard pyrolysis at 520°C in
Fisher retort. The main advantages of pyrolysis in water vapor were higher yields of liquid
products, appreciable desulphurisation effect, and solid by-products with high porosity;

In the present study Chururovo lignite, Bulgaria (Ro=0.20+£0.02) preliminary extracted
by chloroform was pyrolysed in a stream of water vapor. Coal sample and bitumen and
biomarker assemblage were described by Stefanova et al. (2005).

Pyrolysis of 50g lignite (5-6 mm) was performed in laboratory scale installation at
atmospheric pressure, temperature 300-550° C with 10°C/min and an isotherm at the final
temperature for 1h. Volatiles were removed by constant flow of water vapor (120ml/min).
Liquid products of pyrolysis were dispersed/dissolved in water. From the agueous phase they
were extracted by hexane (3x200ml), concentrated, dried and analyzed by GC-MS.

Aliphatic portion was composed by alkanes, nCys-nCs; with CPI =1.01, 32.0%;
akenes, NCi5..-NCyg9.1, 12%; isoprenoids, 4.70% (Prist-1-ene/Prist-2-ene); Diterpenoids,
12.53% with 16a.(H)-Phyllocladane dominance; steroids (Stigmastan-3,5-dien, 1.25%). Two
groups of triterpenoids were registered: - Angiosperm- and bacterially-derived triterpenoids.
Hopanoids were saturated/unsaturated with biologically-inherited but thermodynamically
unstable 173 (H),21p(H)-configuration (278(H), 2983 (H)-31 BR(H)).

High quantity of fatty acid methyl esters (FAMe) was determined in the polar fraction:
-saturated FAMe, nC.g-NCzy, 10.42% ; maximizing at nC.s 3.38% ; unsaturated FAMe,
NCis 1, 18.45%; Phenolic terpenoids were the other abundant components, 9.24% with
ferruginol dominance, 3.21% ; Tocopherol (0.83% ), friedelin, (0.55%), guaiacyl structures
(5.54% ) and, triterpenoid acids, methyl esters were the other components.

A combination of preparative scale “off-line” TMAH thermochemolysis and TEAAC
treatment was applied to discriminate fatty acids present as “free” uncombined acids, methyl
esters present as tightly trapped molecules within the coal organic matter matrix, or acids

chemically bounded by ester groups (Grasset et al. 2002). In products of reactions the
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following groups of compounds were registered: - high quantity of lignin-derived phenolic
derivatives with guaiacyl structures (Gymnospermae contribution); - FAMe miximising at
NCis; - N-akanols, NC1s- NCz4, even numbered, etc. TEAAC treatment proved the presence of
tightly trapped FAMe as well as methyl ester of vanillic acid. Flavones were registered as
acetylated derivativesin products of TMAH thermochemolysis.

Table 1. Flavones presented in products of TMAH thermochemolysis

Structure Position

3 5 7 2 3
Acacetin H OH OH H OCHj;
Kaempferol OH OH OH H OH
Dimethoxy flavone H H OH OCHs OCH3s
Methoxy genistein  H OCHj; OH H OH

Our results demonstrated that coa organic matter contained preserved
biomacromolecules of plant or microbia origin. These components have partly survived
biodegradation and have preserved their basic natural product skeleton. Pyrolysis in a stream
of water vapor could be recommended as a mild technique to isolate tightly incorporated
biomarkers in fossils. Thermochemolysis with different alkylation agents unequivocally
proved the presence of esters groups as linkage in lignite organic matter and discriminate

“free” and “bound” acids.
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For the past few years, coa organic matter and its oil/gas generation has been a subject
of wide discussion (Wilkins and George, 2002). To calculate generation and conduct oil
(condensate)—source rock correlation, it is necessary to have a set of therma maturity
molecular parameters and other genetic parameters. However, the maority of hydrocarbon
indicators for thermal maturity in coal extracts depends on the coal type and its sedimentation
conditions (Dzou et al., 1995; Norgate et al., 1999). Gas chromatography-mass spectrometry
analyses results of 73 Upper Jurassic chloroformed coal extracts from West Siberia (Russia)
also confirm this fact. Widely-applied thermal maturity parameters, such as MPI, DNR,
AMDBT/1IMDBT, CPI, Pr/C17, and Ph/C18 do not distinctively alter accordingly to thermal
effect increase, especially in early catagenesis zone. Thus, it is necessary to find new
parameters less dependent on coal type and facial conditions.

Based on systematic investigations of extracts from coa and genetic related oil found
in significant amount, three benzonaphtofuran (BNF) isomers were identified:
benzo[b] naphto[ 2,1-d]furan, benzo[ b]naphto[ 1,2-d]furan, benzo[b]naphto[2,3-d]furan.

It was found that in coa with different degrees of therma maturity there exists a
definite regularity in the distribution changes of these three compounds with thermal maturity
increase. In samples with low thermal maturity BNF [1,2 -d ] content is less than on the other
two. Under catagenesis development BNF [1,2 -d ] content increases, while BNF [2,3 -d ]
content decreases. As a result, a new therma maturity parameter for organic coa matter is
suggested — BNFR: benzonaphtofurans ratio, based on the content ratio of different
benzonaphtofuran isomers (Fig.1).

In comparison to other thermal maturity molecular parameters, BNF ratio specifies
smaller value variations along coal bed cross-sections and to a less degree depends on the
hydrogen saturation of coal samples. Comparatively small variation is from 1.4 to 5.7% along
2/3 - meter coa bed cross-section. BNF ratio in comparison to MPI-1 shows good correlation

with vitrinite reflectance.
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In paraffin oil, genetic connected with non-marine organic matter, high Pr/Ph,

predominately in steranes compound Cy, there is a distinct change between MPI-1 and

BNFR. This proves the fact that this parameter is highly effective.
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Figure 1. Relationship between vitrinite reflectance, BNFR and MPI-1. MPI-1 —
methil phenanthrene ratio=1.5* (2M P+3MP)/(0.69* P+1M P+9MP), using response of m/z 178
and 192; BNFR= Ig((BNH2,1-d]+BNH1,2-d])/BNF 2,3-d]+1), using response of m/z 218,
wherelgisacommon logarithm.
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The Cretaceous—Cenozoic coals of the New Zealand Coal Band represent one of the
World's best natural rank series for investigating the maturation characteristics of humic (i.e.
vitrinite-rich) coalsin that they provide essentially continuous coverage of rank from pest to
semi-anthracite, while comprising a relatively restricted range of coa type. Thus, natural
maturation processes spanning both the conventional oil and gas windows can be investigated
with minimal influence from kerogen type effects. Sykes and Snowdon (2002) developed
Rock-Eval-based maturation pathways for the New Zealand Coal Band in which rank-related
changes in Bl (SU/TOC) and QI ([S1+S2]/TOC) were used to infer the rank thresholds for oil
and gas generation and expulsion. In addition, a rank-related increase in HI (S2/TOC) of up to
150 mg HC/g TOC prior to oil expulsion indicated significant enrichment of the original
hydrocarbon generating potential and means that immature coals can not provide reliable
representation of natural oil and gas potentials.

In the present study, we further examine the maturation pathways of Sykes and
Snowdon (2002) using quantitative, thermal extraction- and pyrolysis-gas chromatography
(TE-Py-GC) to elucidate the progressive evolution of specific oil and gas fractions with
respect to Suggate rank [Rank(S)], vitrinite reflectance (R,) and Rock-Eval T. The origin
of the pre-expulsion increase in HI and its implications for kinetics-based modelling of
petroleum formation are examined in an accompanying presentation (Sykes et a., this
volume).

Sequential TE-Py-GC (with externa butane standard) was carried out on 51 well-
characterised coals from many New Zeaand basins, ranging in rank from lignite B to semi-
anthracite [Rank(S;) 0-19.3, Tmax 368-565°C, Ro 0.25-2.61%)]. The samples were selected
from towards the middle of the New Zealand Coa Band to minimise kerogen type variation
with respect to both bulk chemical and petrographic compositions; al samples are vitrinite-
rich (> c. 80%, mineral matter-free) and liptinite- and inertinite-poor. As a consequence,
strong correl ations were obtained between Rank(S,) and R, (R?=0.99), and T (R?=0.99).

The thermal extract compositions show that the generation of non-volatile paraffinic
oil (nCis+) commences a Rank(S) ~9-10 (Ro ~0.55-0.65%, Tmax ~425°C), whereas the
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generation of volatile paraffinic oil (nCg—nC14) commences dightly later at Rank(S;) ~10-11
(R, ~0.65-0.7%, T ~430°C; Fig. 1). A sharp decline in total extract yields from Rank(S)
~14 (Ro ~1.15%, Tmax ~455°C) likely signals the onset of primary gas generation and the
efficient expulsion of oil out of the coal pore system.

The pyrolysate compositions indicate that paraffinic oil potential (volatile and non-
volatile) is largey exhausted by Rank(Sy) ~16 (Ro ~1.6%, Tmax ~485°C), signifying the base
of the effective oil window. The full extent of the oil window, from Rank(S:) 9-16, coincides
with the rank range of elevated vitrinite fluorescence intensity, consistent with the presence of
a mobile phase within the pore system. Significant gas (C1—Cs) potentia of c. 35 mg/g TOC
till remains at the end of the oil window, but diminishesto c. 5 mg/g TOC by Rank(S) ~19
(Ro ~2.6%, T e ~555°C), indicating proximity to the base of the conventional gas window.
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Figure 1. Plot of volatile (nCg—nC,4) and non-volatile (NCys,) paraffinic oil yieldsin thermal
extracts of New Zealand coalsin relation to Suggate rank [Rank(S;)] and equivalent vitrinite
reflectance (Ro). High yields of nCis. at low ranks are of biogenic and diagenetic origin.
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Open-system non-isothermal pyrolysis with on-line analysis of methane (CHa), carbon
dioxide (CQOy), carbon monoxide (CO), hydrogen (H2) and molecular nitrogen (N2) has been
performed on a series of Greek lignites in order to explore the geochemical characteristics and
correlate them with coal petrography. Samples came from the FlorinaPtolemais-Kozani basin
in northern Greece and the Megalopolis Basin in southern Greece, the locations of the main
Greek lignite deposits.

Huminite was the dominating maceral component of the sample sequence with
percentages ranging from 70 to 96 %. Liptinite contents varied from 3 % to 18.5 % and
inertinite contents from 0.2 % to 17 %. Huminite reflectance values lay between 0.20 % and
0.43 %. Proximate analysis of the samples revealed ash contents between 11 % and 49 %,
volatile matter percentages ranged from 37 to 54 % and fixed carbon contents from 16.3 to
38 %. Sulphur contents, with two exceptions, were below 1.5 % and total nitrogen contents
ranged between 0.65 and 1.4 %. All fourteen lignite samples selected for this study were
characterised by Rock-Eval pyrolysis. Rock-Eval Tmax values between 364 and 428°C
revealed the immature character of the coals. Hydrogen Index (HI) values extended from 96
to 245 mg HC/g TOC while Oxygen Indices (Ol) ranged from 72 to 181 mg CO,/g TOC.

Pyrolysis was performed at a heating rate of 0.5 K/min from room temperature up to
1100°C in atubular furnace with helium carrier gas (flow-rate 30 ml/min). The pyrolysis gas
was analysed in intervals of 2 minutes by gas chromatography (GC). Hydrogen, N,, methane
and carbon monoxide were separated on a molecular sieve GC column and quantified by
means of a Flame lonisation Detector (FID) while CO2 was quantified by mass spectrometry.
The pyrograms of the individual gaseous products of each lignite sample exhibited
characteristic patterns reflecting the type and composition of the precursor entities in the
complex polymer structure of the coals. Two examples of these sets of pyrograms are shown

in Figure 1. No simple systematic relationship was evident between the pyrograms and the
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maceral composition or other petrographic features of the coal samples. Carbon monoxide
was the mgjor component in the pyrolysis gas with its pyrogram showing complex structures
and reaching peak generation rate between 600 and 700°C. Carbon dioxide was the earliest
pyrolysis product to be liberated with generation starting around 100 °C and extending
beyond 600°C. Characteristic CO, peaks around 640°C associated with CO peaks were
indicative for small amounts of carbonate. Methane was usually released in the 250 °C to 750
°C range. Shoulders or distinct dua peaks in the pyrogram (Figure 1, bottom) indicate its
formation from different precursor structures within the coal. Pyrograms of certain coal
samples exhibited very narrow and conspicuous N2 peaks (Figure 1, top) that must be
attributed to a molecular precursor structure with awell-defined thermal stability, possibly the
tetrapyrrole structure of porphyrins. Interpretations of the pyrograms will be discussed in

combination with ancillary analytical results such as IR spectroscopy.
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Figure 1. Volatiles liberated from Greek lignites during non-isothermal pyrolysis.
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Coadl is a substance of high-enriching organic matter and very developed and complex
pores/micro-pores, which decides it avery special gas source rock. The interaction between
the hydrocarbon generated in the maturation process and the host coal is of great strength and
complexity. In many cases, the coal-derived oil-like liquid hydrocarbons generated are
restrained in coal and its expelling efficiency is very low. Even in laboratory conditions, they
are not easy to be isolated completely from their host coal by routine extraction methods.
Most of these compounds are occurring in coa through non-covalent bond interactions with
the macro-molecular frames, and can be isolated by using mixture of carbon disulfide and N-
methyl -2-pyrrolidinone (CS,/NMP) solvent extraction.

The main objective of this paper is to investigate the gas generation potential of the
CS/NMP extracts and its significance for coal-derived gases through laboratory-based
pyrolysis technique. The yields of hydrocarbon gases generated from a humic Jurassic coal
from Kuga Depression of Tarim Basin (China) was experimentally determined using the
confined or closed system. The experiments were conducted from 300 to 550°C under the
pressure of 50 MPa and 13 points were set in whole heating range with the interval of 20°C.
Two experiments were designed: one is a pyrolysis of the low-maturity coal through the
whole temperature range, and the other one is a serious of stepwise experiments. In each
designed point, the experiment was paused and the samples were taken out. The coal was
extracted using CS,/NMP mixture solvent ultrasonically at room temperature. Then the
residues were sealed again in a gold tube and the experiments continued from the stop
temperatures. After analysing the gas compositions, the gas yield in each designed point were
calculated through differencing method.

After comparing the gas yield from the whole coal and the residues at different heating
ranges, it can be found that the gas yields of CS/NMP were around 4-8 ml/g at each heating
interval before 460 °C (1.52%R0), which account for 70-90% of the total gas yields of the
whole coal. After this temperature, both the gas yields and the amount of extracts decrease
rapidly. The percentage of the gas yield from the CS,/NMP extracts in the gas yields from the
whole coa decrease to 39%, 12% and almost less than 5% (Fig. 1). The results suggest that
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the CS,/NMP extracts are the main contributor to the coal gases before 460 °C (1.52%Ro),
and the macro-molecular frames gradually become the main gas contributor after then. In the
high maturity stages (Ro>2.0%), the macro-molecular frames in the coa are absolutely the
dominant gas contributor.

This experiment show that liqguid most of hydrocarbons generated during “oil
window” is restrained in coa due to the strong adsorption. And the routine extraction
methods (i.e. chloroform) cannot isolate them from their host coal because they exist in coal
through non-covalent bond interactions between polar and non-polar fractions. They may be
cracked in a proper maturity stages and act as the main gas source of the coal-derived gases.
However, the macro-molecular frame is still the main gas contributor in very high maturity

stages (R0>2.0%).
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Figure 1. Gasyield generated from whole coal and CS/NMP extracts



