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The aim of this work is to determine the molecular and stable carbon isotope compositions of pyrolysates from normal
octadecane and, then, to study methane generation kinetic and carbon isotope fractionation of gaseous hydrocarbons
generated from n-octadecane cracking. Pyrolyses were carried out in an anhydrous closed system (gold tubes) under a
constant pressure of 50 MPa at heating rates of 20°C/h and 2°C/h. Results show that secondary cracking of pyrolysates
from n-octadecane largely contributes to the amount of methane generation, much more than primary cracking of n-
octadecane. Cracking and polymerization at relatively low temperatures and disproportionation reactions leading to light
hydrocarbons and polyaromatic hydrocarbons at high temperatures are probable causes for the carbon isotope reversal of
gaseous hydrocarbons that is commonly observed in pyrolysis experiments. This study of methane generation kinetics
suggests that n-alkane hydrocarbon cracking begins to generate methane at 170°C but a great deal would be generated at
200°C in sedimentary basins.

Keywords: n-octadecane, pyrolysis experiment, gaseous hydrocarbon, stable carbon isotope, kinetic

in crude oils. It is widely accepted that the thermal evo-
lution of oils is controlled by the kinetics of cracking re-
actions, which is generally modeled by the Arrhenius
equation (Tissot and Welte, 1984). This allows petroleum
geochemists to simulate experimentally the low-
temperature, long residence time natural processes by
operating at higher temperatures than those normally oc-
curring during geological periods.

The history of experiments designed to understand oil
cracking is a long one, including experiments on whole
rocks and kerogens (Behar et al., 1992; Evans and
Felbeck, 1983; Saxby and Riley, 1984; Monin et al., 1990;
Price, 1993; Vandenbroucke et al., 1999), oils (Ungerer
et al., 1988; Horsfield et al., 1992; Bjorøy et al., 1988;
Schenk et al., 1997; Hill et al., 2003; Tang et al., 2005),
coals (Gaschnitz et al., 2001), and model compounds
(Behar and Vandenbroucke, 1996; Behar et al., 1999,
2002; Lorant et al., 2000; Sackett, 1978; Domine, 1989,
1991; Jackson et al. ,  1995). These experimental
simulations have been carried out at the molecular level.
As a consequence, more elaborate categorization of the
resultant pyrolysates has been achieved, leading to a bet-
ter understanding of the interplays between gas genera-
tion and carbon isotopic fractionation of methane through
the use of various model compounds. While earlier stud-
ies focused on yields and δ13C values of gaseous prod-
ucts, this paper will pay more attention to the hydrocar-

INTRODUCTION

There are two major types of natural gas: microbial
gas and thermogenic gas. Gas generation from the late
cracking of crude oils in reservoirs is considered an im-
portant source of thermogenic gas (Ungerer et al., 1988;
Horsfield et al., 1992; Behar et al., 1999; Lorant et al.,
2000). Crude oils are complex mixtures made up chiefly
of hydrocarbons, and as a special gas precursor, show gas-
generation characteristics different from those of kerogen
and coal. Therefore, the study of oil cracking (including
the gas-generating potential of the oil, and chemical and
isotopic compositions of residual oil) can not only im-
prove our understanding of the genesis of natural gases,
but also provide practical application tools for source
identification and quantitative assessment of oil-derived
gases. Numerous authors (Smith et al., 1971; Ungerer et
al., 1988; Horsfield et al., 1992; Behar et al., 1992; Pep-
per and Dodd, 1995; Tsuzuki et al., 1999) have therefore
attempted to determine how oil composition changes with
increasing thermal stress with an emphasis on quantita-
tive models accounting for the transformations observed
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bon decomposition from a detailed analysis of the residual
liquid hydrocarbons. Normal octadecane (n-C18) was cho-
sen as an appropriate model compound because it is rela-
tively abundant in many crude oils irrespective of organic
source type, it is of intermediate molecular weight, and
there is a relatively rich literature on the behavior of this
homolog compound at higher temperatures (Sackett, 1978;
Jackson et al., 1995; Behar and Vandenbroucke, 1996;
Frank and Sackett, 1969). This compound was selected
to be used for molecular kinetic simulating experiments
to improve our understanding of the kinetic effect of oil
cracking and the stable carbon isotopic composition of
gaseous hydrocarbons. As oil-derived gases are generally
formed in relatively closed paleo-oil reservoirs and un-
der relatively high temperatures, a closed pyrolysis sys-
tem was used in this study to model the hydrocarbon gen-
eration via secondary cracking.

EXPERIMENTAL

Heating procedure
The sample used in the experiment was n-octadecane

(GR) purchased from Tokyo Kasei Kogyo Co. Ltd. Its
δ13C value is –33.7‰ (PDB), determined using a Delta
Plus XL GC-IRMS instrument. Pyrolyses were carried out
in gold tubes (40 mm length, 4 mm i.d., and 0.2 mm thick)
under anhydrous conditions, the basic experimental de-
tails of which have been described by Xiong et al. (2004).
Two heating rates, 20°C/h and 2°C/h respectively, were
selected for the pyrolysis of the n-C18 sample in this study.
For each of the two heating series, 5~150 mg n-C18 sam-
ples were loaded into gold tubes. The loaded tubes were
first flushed with argon for several minutes to ensure the
complete removal of air, and then sealed under an atmos-
phere of argon. These gold tubes were placed in 12 stain-
less steel autoclaves respectively, and in each autoclave
two parallel gold tubes were placed for the chemical and
isotopic composition analyses of pyrolysates to be per-
formed. All autoclaves were heated in a uniform oven.
Pressure was kept at 50 MPa throughout the pyrolysis
process. At last, the autoclaves were removed from the
oven one after another when the desired temperatures were
reached and then quenched in a cold water bath. The ther-
mal maturity of the experiments is expressed as equiva-
lent vitrinite reflectance (%Ro) calculated using the ex-
perimental times, temperatures and the Easy%Ro proce-
dure (Sweeney and Burnham, 1990).

Gas analysis
Cleaned gold tubes were placed in a vacuum line at

10–5 MPa connected to an Agilent 6890N gas chromato-
graph. After isolating the extraction line from the vacuum
pump, the tube was pierced with a needle, allowing the
gas to be volatilized into the line. Then, molecular char-

acterization and quantification of the total gas fraction
was performed by gas chromatography. The external
standard method was applied to the quantification of gas
components. The GC conditions were as follows: the col-
umn was kept at 40°C for 6 min, programmed to 180°C
at a 25°C/min rate, and finally kept at 180°C for 4 min.

After molecular characterization and quantification,
the gaseous fraction was subjected to GC-IRMS analysis
for measurement of the carbon isotope compositions of
methane, ethane and propane. GC-IRMS analyses were
performed on a VG Isochrom II instrument. The GC was
equipped with a Poraplot Q column (30 m × 0.32 mm
i.d). Helium was used as the carrier gas. Column head
pressure was 8.5 Psi. A temperature program of 50°C (2
min) to 180°C (8 min) at 25°C/min was used. The carbon
isotopic ratio of CO2 reference gas was calibrated using
NBS 22 oil as a reference material using continuous flow
isotope ratio mass spectrometry (Thermo Quest Flash EA
1112 Series elemental analyser combined with a Delta
Plus XL mass-spectrometer). Carbon isotope ratios for
individual gaseous hydrocarbons were calculated using
CO2 as a reference gas that was automatically introduced
into the IRMS at the beginning and end of each analysis.
Reported isotopic data represented the averages of at least
three replicate analyses, and the variance between each
run was less than 0.3‰. All carbon isotopic values were
reported in per mil (‰) relative to the PDB standard.

Analysis of the C7+ extract
In order to avoid the loss of light hydrocarbons, the

second tube was cooled with liquid nitrogen, then the gold
tube was cut into pieces and added to a vial (4 mL) con-
taining dichloromethane solution. After extraction for
more than 24 h by stirring, the solid residue was allowed
to settle for several hours, and then the extract was fil-
tered. The filter and residue together with gold pieces were
washed with solvent repeatedly. The dichloromethane
extract was divided into two fractions, the weight of which
was determined accurately, and the dichloromethane
insolubles were measured as cokes. After adding the in-
ternal standard of deuterated-nC15, the first fraction was
analyzed on a Finnigan Trace GC Ultra gas chromato-
graph for the total C7–C18 fraction. The second part of
the dichloromethane extract was evaporated, weighed and
analyzed by GC/MS. The GC conditions were the fol-
lowing: Quadax column (50 m × 0.25 mm), initial tem-
perature of 80°C for 2 min, final temperature of 290°C
for 30 min, and heating rate from 80 to 290°C at 4°C/
min. The GC/MS conditions were the following: The col-
umn used was a DB-5MS capillary column (60 m × 0.32
mm × 0.25 µm) kept at 60°C for 5 min, programmed to
200°C at a 3°C/min rate, then programmed to 290°C at a
6°C/min rate, and finally kept at 290°C for 30 min.
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RESULTS

Hydrocarbon gas yield
We divided the pyrolysis gas into five groups: C1, C2,

C3, C4–5 and H2. The cumulative yields of gaseous hydro-
carbons in pyrolysates at two heating rates are summa-
rized in Table 1. The changes in trends of gaseous hydro-
carbon yields with increasing thermal stress (pyrolysis
time and temperature) are shown in Fig. 1. At both heat-
ing rates, gas yields are very small at low levels of ther-
mal stress (%Ro < 1.0, 400°C). Methane yield increases
continuously to ~870 mL/g at %Ro ~4.2 (580°C, 2°C/h)
with increasing thermal stress, and remains essentially
constant up to the final pyrolysis level (596°C, 2°C/h; Ro
= 4.4%) (Table 1, Fig. 1). Yields of C2, C3 also increase
as thermal stress increases and reach a maximum at %Ro
2.1~2.2 (20°C/h: 500°C, 2°C/h: 461°C, Table 1). Above
%Ro 2.2, yields of C2, C3 start to decrease, and by %Ro
~4.4 (2°C/h, 596°C) cracking of C2 is almost complete,
whereas C3 is no longer present. The C4–5 yield reaches a
maximum of ~75 mL/g at %Ro ~1.8 (2°C/h, 442°C).
Above %Ro ~1.8, The C4–5 yields decrease, and by %Ro
~4.2 (2°C/h, 580°C) cracking of C4–5 is complete (Table
1, Fig. 1).

Distribution of liquid hydrocarbon
In this article, the discussion is focused on the results

obtained using a 20°C/h heating rate. The mass balances
obtained for selected experiments at a 20°C/h heating rate
are given in Table 2.

The GC traces and total ion current plots of the total
C7+ extracts of the residual liquid hydrocarbons after n-
C18 cracking at a heating rate of 20°C/h are given in Figs.
2 and 3. The conversion of n-C18 is defined as follows:
conversion = 1 – (residual reactant/initial reactant) and is
expressed in weight percent (Fig. 2). Results show that
the main temperature range for thermal cracking of n-C18
extends from 350 to 480°C, corresponding to a maturity
range of 0.9 to 2.0%Ro (Table 2, Fig. 1). Below 420°C
(%Ro = 1.1), little cracking was observed for n-C18 as
indicated by the low degree of conversion of n-C18 (Fig.
2). The yield of C7–C17 n-alkanes in the pyrolysates in-
creases to ~276 mg/g at 460°C (%Ro = 1.5) with increas-
ing temperature, with C18+ n-alkanes appearing above
440°C. The occurrence of C18+ n-alkanes indicates po-
lymerization concurring with n-C18 cracking. Subse-
quently, liquid n-alkanes disappear when heating tempera-
ture reaches 480°C. Figure 2 shows that, above 460°C,
with the decrease of n-alkane contents, cyclization and
aromatization reactions of n-alkanes form abundant aro-
matic compounds dominated by benzene, naphthalene,
phenanthrene, pyrene and their alkyl derivatives (Fig. 3,
Table 2). Thus, cyclization and aromatization of n-alkanes
at higher maturity potentially contribute to the aromatic
hydrocarbon budget in the geological samples. 20
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Fig. 1.  Cumulative yields (mL/g n-C18) of gaseous hydrocarbon fractions C1, C2, C3 and C4–5 during n-octadecane cracking at
two heating rates (2 and 20°C/h).

final
T(°C)

C1–C5

(mg/g)
H2

(mg/g)
C7–C17

(mg/g)
C18

(mg/g)
C18+

(mg/g)
Aromatics

(mg/g)
Coke

(mg/g)
Total

(mg/g)

400 1.28 0.03 <1.00 986.23 0 0 0 987.54
421 5.61 0.04 4.23 970.15 <1.00 0 0 980.03
440 106.11 0.04 158.18 688.01 25.82 28.61 0 1006.77
460 575.48 0.23 275.92 50.92 5.36 112.42 8.42 1028.75
480 757.06 0.34 53.18 23.04 <1.00 204.32 51.46 1089.40
500 801.65 0.43 0 0 0 167.35 182.45 1151.88
520 723.38 0.50 0 0 0 129.24 249.23 1102.35
540 702.97 0.68 0 0 0 88.32 302.68 1094.65
560 680.39 1.03 0 0 0 50.26 343.35 1075.03
581 664.71 1.26 0 0 0 38.15 350.21 1054.33
598 649.86 2.01 0 0 0 35.24 358.16 1045.27

Table 2.  Selected mass balances obtained during thermal cracking of n-C18 at heating
rate 20°C/h

In addition, some black cokes are also observed in the
high-temperature pyrolysates. The yield of cokes is zero
below 460°C and increases very quickly to a maximum
of almost 360 mg/g with heating temperature increasing
(Table 2). They cannot be analyzed by GC and GC/MS
due to their insolubility.

C1–C3 hydrocarbon gas carbon isotopes
Methane, ethane and propane carbon isotope values

determined in the experiments are listed in Table 1. As
shown in Table 1 and Fig. 4, the measured δ13C values of
cumulative methane, ethane and propane at the heating
rate of 20°C/h range from –51.9‰ to –40.2‰, –46.6‰
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to –19.6‰ and –43.0‰ to –15.8‰, respectively. How-
ever, at the heating rate of 2°C/h the isotopic composi-
tions range from –62.2‰ to –38.2‰, –46.6‰ to –15.5‰
and –43.1‰ to –14.4‰, respectively. During the early
stages of the pyrolysis process, methane, ethane and pro-
pane become slightly depleted in 13C. After reaching a
minimum δ13C, methane, ethane and propane become
enriched in 13C as thermal evolution increases. At higher
pyrolysis temperatures ethane becomes depleted in 13C
again (Fig. 4, Table 1). The first reversal in the carbon
isotopes of methane, ethane and propane occurs at the
thermal evolution of %Ro ~1.2. The second reversal in

the carbon isotopes of ethane occurs at the thermal evo-
lution of %Ro ~4.2 (580°C, 2°C/h), and the second re-
versal in the carbon isotopes of propane occurs at the
approximately thermal evolution of %Ro ~2.8 (540°C,
20°C/h, or 500°C, 2°C/h).

Carbon isotopic composition of residual liquid hydrocar-
bons

As liquid hydrocarbons were present in the pyrolysates
only within a very narrow range of pyrolysis tempera-
tures (Fig. 2), quality isotopic data was obtained only from
the 440°C pyrolysates. Table 3 displays the δ13C values

nC18

External standard

(deuterated-nC15)

nC12nC10 Carbon number > 18 n-alkanes

Conversion. 3%

Conversion. 31%

Conversion. 98%

Conversion. 95%

421°C

440°C

460°C

480°C

Fig. 2.  Gas chromatogram of residual liquid hydrocarbons during n-octadecane cracking at heating rate 20°C/h.

Temperature nC8 nC9 nC10 nC11 nC12 nC13 nC14 nC15 nC16 nC17 nC18

unheated — — — — — — — — — — –33.7
350°C — — — — — — — — — — –33.6
420°C — — — — — — — — — — –33.1
440°C –32.8 –32.5 –30.6 –30.3 –30.3 –30.3 –30.3 –30.3 –28.6 –30.7 –28.4

Table 3.  δ13C values of n-octodecane and its pyrolysis products at heating rate 20°C/h (‰, PDB)
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of n-C18 at different pyrolysis temperatures and those of
other liquid n-alkanes in the 440°C pyrolysates. The re-
sults indicate that with thermal cracking, the δ13C value
of n-C18 varies up to 5.3‰ at 440°C, and those of the
resultant n-alkanes change up to 4.4‰, with relative de-
pletion of 13C in the lower molecular weight components.

DISCUSSION

Controls on n-octadecane cracking products and
geochemical implications

Methane and coke increase continuously as thermal
stress increases, which shows that methane and coke are
the thermodynamically stable products during n-C18
cracking. The yield of coke is zero when the conversion
of n-C18 is below 95 wt% and increases very quickly for
higher conversions (Table 2, Fig. 2). This means that coke
is not produced directly by n-C18 cracking but results from
secondary reactions. It is considered that the precursors
of coke formation are likely to be polyaromatics gener-
ated by late dehydrogenation of initial hydroaromatics
when conversion is higher than 90wt% (Behar and
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Fig. 3.  Total ion current plot of residual liquid hydrocarbons during n-octadecane cracking at heating rate 20°C/h.

Fig. 4.  Carbon isotope variations of methane, ethane and pro-
pane with heating temperature.

Vandenbroucke, 1996). This experiment shows that maxi-
mum methane generation rate of n-C18 is mainly restricted
by hydrogen content. The H/C ratio of n-C18 is about 2.1,
whereas for the ultimate product methane it is 4. If hy-
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drogen in n-C18 is completely transferred to methane, the
maximum amount of methane that can be generated cor-
responds to 60% of the original mass of n-C18 according
to a stoichiometric calculation. In the pyrolysis experi-
ment, maximum methane generation rate determined is
873 mL/g (Table 1), that is about 60% based on a calcu-
lation using the ideal gas equation of state. Therefore,
the determined value is in good agreement with the theo-
retical result.

On the basis of the above characteristics of
pyrolysates, it can be inferred that at the early stage of n-
C18 cracking, obvious polymerization occurs accompa-
nied by little cracking. Yields of intermediate pyrolysis
products (including C2–5, C6–17, C18+ and aromatic com-
pounds) increase because the rate of formation of a prod-
uct is greater than the rate of decomposition. After 480°C
(or Ro > 2.0%), liquid n-alkanes disappear and have no
more significant contribution to late gaseous hydrocar-
bon generation (Fig. 2). According to total ion current
plots in Fig. 3, alkylation, dealkylation, and aromatic ring
condensation are among the most prevalent chemical re-
actions occurring within the high temperature pyrolysates,
resulting in gaseous hydrocarbons as one of the key
byproducts for the disproporationation reactions.

The carbon number distribution of n-alkyl molecules
including n-alkanes in modern organisms and sediments
is controlled mainly by the source, with significant vari-
ation in carbon isotope ratio for n-alkanes with different
carbon number. Such differences in mature source rocks
and crude oils tend to diminish with increasing thermal
maturity. The experiment with n-C18 indicates that hy-
drocarbon cracking in petroleum reservoirs and/or in less
efficiently impellent source rocks is one of the main
causes for the compositional and isotope variation of gas-
eous hydrocarbon. In addition to plant lignins, cyclization
and aromatization of n-alkanes is also a possible source
for aromatic hydrocarbons, especially in marine source
rocks. Therefore, some aromatic biomarker parameters
based on isomer thermal stabili ty,  such as the
Methyphenanthrene Index, will probably be affected by
this additional input at relatively high maturity levels. As
source rocks for gases derived from oil-cracking in China
are generally of old age and with high maturity, it remains
to be seen how the distributions and carbon isotopic com-
positions of residual hydrocarbons in these source rocks
can be utilized for thermal maturity determination and
oil-source correlation.

Carbon isotope fractionation of gaseous hydrocarbons
Chemical and isotopic compositions of natural gases

are important indicators for determining their source type
and thermal maturity, nevertheless compositional and iso-
topic data are limited for gases and do not always pro-
vide a unique interpretation. The difference (isotopic sepa-

ration) between ethane and propane δ13C (δ13Cethane–
13Cpropane) has been used as a maturity indicator (James,
1983, 1990; Lorant et al., 1998). For n-C18 cracking, our
results show that the separation between δ13Cethane and
δ13Cpropane increases in a closed system as thermal stress
increases (Table 1) like that described for oil cracking by
Hill et al. (2003). In addition, the heating rate has a sig-
nificant effect on the carbon isotope variation of gaseous
hydrocarbons, e.g. with the increase of the heating rate,
the δ13C-trend of pyrolysis gas will shifts toward higher
temperatures (Fig. 4).

It is known that gaseous hydrocarbons derived from
kerogen or oils usually become enriched in 13C with in-
creasing thermal maturity. In pyrolysis experiments, how-
ever, an obvious reversal in the carbon isotopes of gase-
ous hydrocarbons often occurs at the early stage of meth-
ane generation (Lorant et al., 1998; Tang et al., 2000;
Cramer et al., 2001) and the gaseous hydrocarbons gen-
erated at high temperatures are relatively depleted in 13C
again (Cramer et al., 1998, 2001). These reversals were
also observed in our experiments with n-C18 (Fig. 4).

Because the initial reactant in our experiments in-
volves only n-C18, only C–C bond cracking would have
an effect on stable carbon isotope fractionation. Prefer-
ential cracking of 12C–12C bonds in n-C18 leads to the
formation of alkyl moieties that are relatively depleted in
13C. Consequently, high molecular weight n-alkanes and
aromatic hydrocarbons generated by these alkyl moieties
are also depleted in 13C compared with the original n-
C18. With increasing pyrolysis temperature, gaseous hy-
drocarbons generated from the cracking of these hydro-
carbons would become depleted in 13C compared to those
directly from n-C18 cracking. Therefore, the first carbon
isotope reversal of gaseous hydrocarbons is probably a
result of cracking and polymerization of hydrocarbons at
relatively low temperatures. At higher temperature, n-
alkanes disappear and the cracking of alkylated aromat-
ics becomes one of the main sources for gaseous hydro-
carbon generation. Lorant et al. (2000) suggested that
alkylated aromatics occur widely in source rocks and oil
reservoirs and are also an important source of methane in
natural gases, and that at high maturity, demethylation of
aromatic hydrocarbons and opening of aromatic rings are
possible reasons for methane depleted in 13C. The result
of this experiment confirms that disproportionation reac-
tions leading to light hydrocarbons and polyaromatic hy-
drocarbons at high temperatures are probable causes for
the second carbon isotope reversal of gaseous hydrocar-
bons. In addition, as methane is accumulated in a closed
system, late generated methane with depleted 13C has no
obvious effect on the overall methane carbon isotope data
due to its relatively low yield (Fig. 4). In contrast the
reversal can be seen clearly at high temperature pyroly-
sis experiments with an open system, because the reac-
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tions occur instantaneously (Cramer et al., 1998, 2001).
The initial isotopic ratio of the methane-generating

part of n-C18 (δ13Co,prec) can be derived from the cumula-
tive methane isotope ratio at the ultimate stage of n-C18
decomposition (Cramer et al., 1998). So it can be inferred
that the δ13Co,prec of n-C18 is –38.2‰ in this pyrolysis
experiment. The bulk δ13C value of n-C18 used in this
experiment is –33.7‰, and its methane generating part is
about 60% ultimately, the rest can be considered as re-
sidual carbon. Thus, the residual part accounts for ap-
proximately 40% of initial reactant and its δ13C value
should be around –27.0‰ by mass balance calculation.
As the residue is enriched in 13C by up to 6.7‰ with re-
spect to the initial reactant in the experiment, the δ13C
values of solid bitumen thermally generated in paleo-oil
reservoir cannot be directly correlated with those of crude
oils.

Kinetics of methane generation
Methane is a product of the cracking of n-C18, C18+,

C6–17, C2–5 and aromatic compounds and accumulates
because it is a stable end product. The rate of methane
generation varies depending on the reactant and the level
of thermal stress. Because methane generation during n-
C18 cracking is a very complicated kinetic process involv-
ing multiple precursors, we have adopted a kinetic model
based on a discrete activation energy model to fit the data
for both temperatures (Tang et al., 1996). It can be as-
sumed here that the generation of methane can be ad-
equately described by a set of n parallel first-order reac-
tions, with activation energies Eα,i and a common fre-
quency factor, A. In this paper the calculation of kinetic
parameters for methane generation was carried out based
on the data in table 1 with Kinetics (2000), a program

developed by Xiong et al. (2004). The activation energy
distribution and frequency factor obtained for methane
formation during n-C18 cracking are shown in Fig. 5. Fig-
ure 6 displays the measured data and the simulation re-
sults calculated by using these kinetic parameters in Fig.
5. As shown in Fig. 6, the calculated methane yields agree
well with the measured values.

On the basis of the calculated activation energies and
frequency factor, one can extrapolate heating rates from
laboratory conditions to geologic conditions (Tang et al.,
1996; Ungerer and Pelet, 1987). Figure 7 shows predicted
methane generation for geologic heating rates from 0.5
to 10°C/My. According to these results, gas from satu-
rated hydrocarbons cracking begins to generate at 170°C
during geological times but significant generation is ob-

Fig. 7.  Cumulative formation of methane predicted for differ-
ent geological heating rates. Quantities have been calculated
on the basis of Fig. 5.
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served only at 200°C. This is consistent with observa-
tions on n-C25 by Behar and Vandenbroucke (1996) in
which the degradation window for heavy n-alkanes lies
beyond 170°C. This means that secondary cracking of
saturated hydrocarbons in reservoir oils does not produce
a large proportion of gas even in deep reservoirs. When
compared with methane generation from the methylated
aromatics (Lorant et al., 2000), which generating meth-
ane occurs in the range 160–200°C under a geothermal
gradient of 1.25°C/My, it is clear that aromatic compounds
constitute an important source of gas in sedimentary ba-
sins, much more than n-alkanes. Consequently numerous
studies suggest that the main source of gas accumulations
is the demethylation of kerogen or cracking of the NSO
compounds inside source rocks in reservoirs (Behar et
al., 1992, 1995; Chung and Sackett, 1979).

It should be noted that only thermal factors are con-
sidered in this study. In a more realistic geological sys-
tem, other factors such as the presence of water, minerals
and thermochemical sulphate reduction (TSR) could
greatly influence the thermal evolution of sedimentary
organic matter and reservoired petroleum bitumens in
gaseous hydrocarbon generation. These factors can not
only accelerate hydrocarbon generation rate, but also
probably change reaction processes (Mango, 2000).
Burnham et al. (1997) have shown that mixture effect
delays the thermal cracking of n-C16 when mixed with
various reservoir oils. Therefore, simulation experiments
under more realistic conditions should be performed to
advancing our understanding the conversion of oil to gas.

CONCLUSION

The following conclusions can be drawn from the
present investigation:

(1) Thermal cracking of n-C18 in closed system leads
to the production of gaseous hydrocarbons, liquid hydro-
carbons, aromatic compounds and coke. The amount of
pyrolysis gas is not high until the degradation of second-
ary lighter hydrocarbons resulting from primary crack-
ing of n-C18 occurs. With increasing temperature, second-
ary cracking of C2–5, liquid hydrocarbons and aromatic
compounds contribute substantially to methane genera-
tion. Methane and coke are stable end products from n-
C18 cracking under the experimental conditions imposed.

(2) At the initial stage of n-octadecane cracking, crack-
ing and polymerization at relatively low temperatures are
probable causes for the first carbon isotope reversal of
gaseous hydrocarbons. Significant amounts of aromatic
hydrocarbons in geological samples can be formed as
products of n-alkane cracking, and disproportionation
reactions of these aromatics at high temperature is prob-
ably a main reason of the secondary carbon isotopic re-
versal of gaseous hydrocarbons.

(3) The study of methane generation kinetics shows
that methane from n-alkane hydrocarbons cracking be-
gins to generate at 170°C at geological timescales but
substantial generation starts only at 200°C. Compared
with aromatic compounds, n-alkanes have a lesser
methane-generating potential in reservoirs below 200°C.
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