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ABSTRACT 

 

 

Potential of hydrocarbon generation of coals as an oil-generating source has been discussed by 

several researches and findings. Laboratory approach of kerogen thermal degradation is 

commonly performed to simulate the maturation of petroleum source rock compared to the 

longer geological period. This method requires high temperature to compensate for the shorter 

time observed in geological process. There is also laboratory simulation of thermal maturation 

of brown coal in both anhydrous and hydrous pyrolysis and reported that the pyrolysates 

expelled by hydrous pyrolysis was significantly closer to natural system of petroleum 

generation. Analysis of source rock potential by source rock analysis (SRA). This study focuses 

on comparison of source rock maturity before (free hydrocarbon) and after hydrous pyrolysis 

(trapped hydrocarbon) by biomarker parameter ratio. Tertiary coals from Labuan, Malaysia run 

in hydrous pyrolysis system using a PARR 4575 High Temperature High Pressure Reactor at 

temperature of 300oC, 320oC, 340oC and 360oC. Soxhlet extraction and liquid column 

chromatography separate saturated hydrocarbon fraction and analyze using Gas 

Chromatography – Mass Spectrometry (GC-MS) to produce biomarker parameters. Evaluation 

of source rock maturity using petroleum biomarkers ratios. Tertiary coals of Labuan, Malaysia 

will be showing as generative source rock potential based on SRA results. Hydrous pyrolysis 

will be increasing source rock maturity based on biomarker ratio. 
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ABSTRAK 

 

 

Potensi penjanaan hidrokarbon batuan arang sebagai sumber penjanaan minyak telah dikaji 

oleh beberapa penyelidik dan dapatan. Degradasi berasaskan suhu kerogen menggunakan 

pendekatan makmal telah dipraktikan secara meluas bagi simulasi pematangan batuan sumber 

petroleum untuk dibandingkan dengan tempoh geologi yang panjang. Pendekatan ini 

melibatkan suhu yang tinggi bagi mengimbangi penilaian singkatan masa di dalam proses 

alami geologi. Terdapat juga simulasi makmal pematangan suhu bagi batuan arang coklat yang 

melibatkan pirolisis anhidrat dan pirolisis hidrat. Hasil penyelidikan didapati bahawa 

penghasilan pirolat daripada pirolisis hidrat lebih hampir kepada penghasilan petroleum secara 

alami. Kajian ini memfokuskan kepada perbandingan pematangan batuan sumber sebelum dan 

selepas pirolisis hidrat mengunakan pendekatan nisbah parameter biomarker. Analisis potensi 

batuan sumber akan menggunakan Analisa Batuan Sumber (SRA). Batuan arang Tertiary 

daripada Labuan, Malaysia menjalani pirolisis hidrat pada suhu 300oC. Ekstraksi Soxhlet dan 

kromatografi cecair lajur digunakan untuk mengasingkan bahagian hidrokarbon tepu dan 

dianalisis menggunakan Kromatografi Gas – Spektometri Jisim (GC-MS) bagi penghasilan 

parameter biomarker. Amaun penghasilan S2 adalah berjulat 131.11 -342.13mg HC/mg rock 

dan jumlah karbon organic adalah berjulat 40.10 – 70.94 %. Ini menunjukkan batuan sumber 

kajian mempunyai potensi penghasilan hidrokarbon. Tiga nisbah parameter biomarker telah 

dugunakan. Didapati bahawa nisbah 22S/(22S+22R) dan Ts/(Ts+Tm) meningkat manakala 

nisbah moratene (C29M)/hopane (C29H) menurun selepas pirolisis hidrat. Perubahan nisbah 

ini menunjukkan bahawa tahap kematangan batuan sumber meningkat selepas proses pirolisis 

hidrat. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Problem Background 

 

Coals as define by Schopf (1956) is one of source rock that contains organic matter. 

Amount of organic matter is more than 50% (by weight) and 70% (by volume). Coals is widely 

known as an important source of gas. Kohli et al (1994) stated that variables proportions of 

hydrogen-rich organic matter in the coal macerals contributing to potential of oil-generating 

for coals. Migration of hydrocarbon also favours in coals compares to shales. In addition, 

Snowdown (1991) suggested that coals that contains more than 10% of hydrogen-rich matter 

potentially can generate and expel oil.  

Vast of studies to determine source rock potential of coals. Teerman and Hwang (1991) 

explains that potential of hydrocarbon generation of coals depends on composition of macerals. 

It is also affected quantity of expulsion and composition of products.    

There are many types of laboratories experiments pyrolysis conducted to represent a 

simulation process of hydrocarbons generated and expulsions from the coals. There are several 

approaches to reproduce natural degradation by artificial thermal maturation. Systems 

employed to this laboratory work; open, closed and confined system. It proves that for hydrous 

pyrolysis in closed system closer to naturally occurring environment below critical temperature 

of water, 374 oC.  

Rowland et al (1985) conducts research on compositions and segregation of aromatic 

hydrocarbon in expelled hydrocarbon. The sample for this research is dolomitic siltstones 

(Permian, Marl Slate). It ia also showed that the ratio of aromatic hydrocarbon to saturated 

hydrocarbon is 2:3.  
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Hydrous pyrolysis is conducts under five different temperatures; 280, 300, 320, 340 

and 360 oC.  At the lowest temperature (280 oC), component of pyrolysates is comparably 

similar to natural crudes which contains more minor components (e.g. alkylphenanthrenes, 

aromatic steroid). As the temperature increase, existences of non-natural components of crude 

oil such as methylanthracenes and Diel’s hydrocarbon are proved. All these non-natural 

components are increase as the temperature increases.  

Shale with organic-rich oil from Jurassic and Kimmeridge and no mineral asphaltic 

material produce similar result as stated above when it undergoes hydrous pyrolysis at 340 oC. 

It shows that higher proportions of organic sulphur detected in organic rich shale. It concludes 

that not only type of organic matter effected the formation of unusual compounds, it also a 

function of high temperature and high heating rate of reaction.  

Temperatures that apply on hydrous pyrolysis experiments are higher compares to the 

natural petroleum genesis occurrence. Connan (1974) proves that to some extent, temperature 

can be substitution for time in laboratory oil generation studies. Difference of temperature 

between laboratory work and natural genesis occurrence allows shorter time for this artificial 

oil generation by hydrous pyrolysis.  

Confining effects of water gives significant difference in the existence of alkenes in 

pyrolysates. Alkenes are absence in pyrolysates from hydrous pyrolysis (Monthioux et al, 

1985). Free radicals are producing from the effect of water confining. These free radicals are 

closely contact with alkenes structure and promote saturated hydrocarbon forming. Major 

hydrocarbons of pyrolysates are produced by free radical pathways. Alkenes still exist in 

pyrolysates from anhydrous pyrolysis because of the lessen effects of water confining. If 

anhydrous pyrolysis is conducted in small-scaled vessels with minimum unfilled reactor, it will 

diminish the existence of alkenes.  

Sediments that contain high organic matter (Marl State, Kimmeridge Oil Shale) are 

pyrolyzed at 280 oC to 360 oC produces hydrocarbon that have different characterization 

compared to natural crude oil. Proportions of aromatic-to-saturated hydrocarbons for hydrous 

pyrolysis are higher compared to natural crude oil. This difference is affected by organic matter 

type and temperature of pyrolysis. While for overall distribution of aromatic hydrocarbon are 

similar to the many natural crude oil. Besides that, there are number of aromatic that not 

abundant in natural also exist, which includes anthracene, methylanthracenes and Diels’ 

hydrocarbon. This is cause by increases of phenanthrene that linearly to pyrolysis temperature.  
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Usage of water in hydrous pyrolysis implicates concern about the effects of water in 

kerogen. Kerogen is a three-dimensional cross-linked macro molecular system that does not 

dissolve in water. Theoretically, there are no contact between water and kerogen. This 

insolubility property of kerogen as a result of unfavourable entropy of molecules that makes 

kerogen is hydrophobic molecule. As water is heated, hydrogen bonds in water molecules 

disarrayed and diminish the entropy driven hydrophobic effects. So that, water and kerogen 

can be swell together.  

Lewan 1987, shows that more liquid petroleum yields in pyrolysates by hydrous 

pyrolysis than in absence of water. Early stage of reaction, less effect of water presence for 

decomposition of bitumen to rick-polar and higher molecular bitumen. It compared to 

decomposition of bitumen to oil that contain more hydrocarbon. It is because decomposition 

of bitumen to oil was cancelled by cross-linking reaction in the presence of water.  

Li et al (2008) did study on hydrous pyrolysis experiments of Pennysylvanian coal in 

the Bohai Gulf Basin. It is proven that coals have a significant of oil generation. Not only that, 

it is also show that high expulsion of notable size of gas production. Liptinite content has 

significant effect in expelled oil as explain by Akande et al (2015). 

Study on generation of biomarkers on matured Type II-S kerogen limestone and 

claystone with and without the presence of water. Instead of to assess the level of thermal 

maturity, biomarkers are also used to determine the degree of biodegradation and depositional 

environment of organic matter in geological samples. There are several ideas on the importance 

of water as in pyrolysis. Monthioux et. al. (1985) strongly agreed that water did not portray 

significant effect for pyrolysis. This contradict by Lewan (1987) which shows that amount of 

pyrolysates from hydrous pyrolysisat at 350 oC of Woodford shale are twice of that generated 

by confined and unconfined anhydrous pyrolysis.  

Biomarker generation during thermal maturation of kerogen is describes in two 

processes. Firstly, some of kerogen is decomposing to a high polarity bitumen. Boundary of 

moieties of kerogen and polar-rich bitumen is maintaining. As thermal increases, polar fraction 

releases the bound biomarker as free biomarker as the release of free hydrocarbon from 

decomposition of bitumen.   

Anhydrous pyrolysis of claystone gives less of free biomarkers generation. This is 

because the clay minerals adsorbed the polar fraction, which contains abundant S-bound. 

Therefore, prevention of production of free hydrocarbon by cross-linking reaction happen. 
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Cross-linking reaction in this anhydrous pyrolysis become more dominant because of the 

existence of S-S bond in organic matters. For hydrous pyrolysis, S-bound biomarkers is not 

adsorbed by polar fraction due to the interlayer of minerals are filled by water and enhanced 

the free biomarker generation. These results explain the importance of water role in closed 

system laboratory experiments. This aim at simulating natural maturation of sedimentary 

organic matter, specifically in present of clay minerals.  

 

1.2 Problem Statement 

 

Laboratory approach of kerogen thermal degradation is commonly performed to 

simulate the maturation of petroleum source rock compared to the longer geological period. 

Anhydrous pyrolysis approach widely uses to simulate hydrocarbon potential. For this study, 

the best method that chosen is hydrous pyrolysis. It is because it is more closer to nature 

hydrocarbon generation.  

Source rock maturity can be evaluated in several methods includes organic petrology, 

source rock evaluation and petroleum biomarkers ratios. This study will be focusing on 

biomarker ratios to determine hydrocarbon potential. The triterpanes ratios is used as biomarker 

parameter for determination of source rock maturity of the pyrolysates and will be compared 

to the non-hydrous pyrolysed samples. 

 

1.3 Research Objectives 

 

1) To analyze source rock potential 

2) To compare source rock maturity before (free hydrocarbon) and after hydrous 

pyrolysis (trapped hydrocarbon) by biomarker parameter ratio 
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1.4 Scope of Study 

 

1) Analysing source rock potential using parameters from Source Rock Analysis 

(SRA). 

2) Performing hydrous pyrolysis on source rock at 300oC for 24 hours. 

3) Separating compounds (saturated, aromatic, NSO fraction) using Soxhlet 

extraction, liquid chromatography. 

4) Obtaining biomarker parameter using Gas Chromatography – Mass Spectrometry 

(GCMS). 

5) Analysing source rock maturity referring to biomarker ratio. 

6) Comparing source rock maturity before and after pyrolysis. 

 

  



 

33 

 

REFERENCES 

 

Akande, S. O., Lewan, M. D., Egenhoff, S., Adekeye, O., Ojo, O. J. and Peterhansel, A. (2015) 

‘Source rock potential of lignite and interbedded coaly shale of the Ogwashi-Asaba 

Formation, Anambra basin as determined by sequential hydrous pyrolysis’, 

International Journal of Coal Geology, 150-151. 224-237. doi: 

10.1016/j.coal.2015.099.005. 

 

Alias, F. L., Abdullah, W. H., Hakimi, M. H., Azhar, M. H. and Kugler, R. L. (2012) ‘Organic 

geochemical characteristics and depositional environment of the Tertiary Tanjong 

Formation coals in the Pinangah area, onshore Sabah, Malaysia’, International Journal 

of Coal Geology. 104. 9-21. doi: 10.1016/j.coal.2012.09.005.  

 

Balaguru, A. and Lukie, T. (2012) ‘Tectono-stratigraphy and development of the Miocene delta 

systems on an active margin of Northwest Borneo, Malaysia’, Warta Geology. 38. 127-

129.  

 

Bartram, K., Jeram, A. J. and Seldan, P. A. (1987) ‘Arthropod cuticles in coal’, Journal of 

Geological Society. 144. 513-517.  

 

Brondjik, J. F. (1962) ‘Reclassification of part of the Setap Shale Formation as Temburong 

Formation’, British Borneo Geol. Surv. Ann. Rep. 56-60.  

 

Colin, R. W. and Isabel, S. R. (2008) Applied Coal Petrology. Elsevier. 

 

Connan, J. (1974) ‘Natural diagenesis and artificial diagenesis of organic matter of 

predominantly plant constituents’, Advance in Organic Geochemistry. 73-95. 

 

Didyk, B. M., Simoneit, B. R. T., Brassel, S. C. and Eglinton, G. (1987) ‘Organic geochemical 

indicators of paleoenvironmental conditions of sedimentation’, Nature. 272. 216-222.  

 

 



 

34 

 

Fatin, L. A. (2014) Organic petrology and organic geochemical of tertiary coals within the 

west middle block of the Pinangah coal field, Sabah, Malaysia. Msc Thesis, University 

of Malaya, Malaysia. 

 

Hasiah, A. W., Lee, C. P., Gou, P., Shuib, M. K., Ng, T. F., Albaghdady, A. A., Mislan, M. F. 

and Mustapha, K. A. (2013) ‘Coal-bearing strata of Labuan: Mode of occurrence, 

organic petrographic characteristics and stratigraphic associations’, Journal of Asian 

Earth Sciences. 76. 334-345. doi: 10.1016/j.seaes.2013.05.017. 

 

Kidena, K., Adachi, R., Murata, S. and Nomura, M. (2008) ‘Hydrous pyrolysis of two kinds of 

low-rank coal for relatively long duration’, Fuel. 87. 388-394. doi: 

10.1016/j.fuel.2007.05.009  

 

Kumar, D., Singh, B., Bauddh, K. and Korstad, J. (2015) Bio-oil ad biodiesel as biofuels 

derived from microalgal oil and their characterization by using instrumental 

techniques. Springer: India. pp. 87-96.  

 

Kohli, K. B., Thomas, N. J., Prabhu, N. and Misra, K. N. (1994) ‘Simulated petroleum 

generation studies by hydrous pyrolysis of a Tertiary coal from Northern Cambay Basin 

of India’, Organic Geochemistry, 21(3/4). 323-332.  

 

Lee, C. P. (1977) The Geology of Labuan Island, Sabah, East Malaysia. BSc Thesis. University 

of Malaya, Malaysia.  

 

Leitchi, P., Roe, F. W. and Haile, N. S. (1960) ‘Geology of Sarawak, Brunei and western North 

Borneo’, Brit. Bornoe Geol. Surv. Bull. 3.  

 

Li, R., Jin, K. and Lehrmann, D. J. (2008) ‘Hydrocarbon potential of Pennsylvanian coal in 

Bohai Gulf Basin, Eastern China, as revealed by hydrous pyrolysis’, International 

Journal of Coal Geology, 73. 88-97. doi: 10.1016/j.coal.2007.07.006. 

 

Lyons, P. C. (2000) ‘Funginite and secretinite – two new macerals of the inertinite maceral 

group’, International Journal of Coal Geology. 44. 95-98.  

 



 

35 

 

Madon, M. B. H., Leong, K. M. and Azlina, A. (1999) Sabah Basin. Petroleum Geology 

Resources: Malaysia, pp. 501-542.  

 

Mackenzie, A. S. (1984) Application of biological markers in petroleum geochemistry. 

Academic Press: London, pp. 115-214.  

 

Mastalerz, M., Hower, J. C. and Carmo, A. (1998) ‘In situ FTIR and flash pyrolysis / GC-MS 

characterization of Protosalvina (Upper Devonian, Kentucky, USA): implications for 

maceral classification’, Organic Geochemistry. 28. 557-66. 

 

Moldowan, J. M., Huzinga, B. J., Dahl, J. E., Fago, F. J., Taylor, D. W. and Hickey, L. J. (1994) 

‘The molecular fossil record of oleonane and its relationship to angiosperms’, 

Science.265. 768-711. 

 

Monthioux, M., Landais, P. and Durand, B. (1985) ‘Comparisons between extracts from natural 

and artificial maturation series of Mahakam Delta coals’, Organic Geochemistry. 10. 

299-311.  

 

Peters, K. E., Hackley, P. C., Thomas, J. J. and Pomerantz, A. E. (2018) ‘Suppression of 

vitrinite reflectance by bitumen generated from liptinite during hydrous pyrolysis of 

artificial source rock’, Organic Geochemistry. 125. 220-228. doi: 

10.1016/j.orggeochem.2018.09.010 

 

Peter, K. E., Walters, C. C. and Moldown, J. M. (2005) The biomarker guide, second edition. 

Cambridge University PPress, Cambridge, UK. 1155 p. 

 

Sia, G. S. and Abdullah, W. H. (2012) ‘Geochemical and petrographical characteristics of low-

rank Balingian coal from Sarawak, Malaysia: Its implications on depositional 

conditions and thermal maturity’, International Journal of Coal Geology. 96-97. 22-

38. doi: 10.1016/j.coal.2012.03.002.  

 

Scott, A. C. (2002) ‘Coal petrology and the origin of coal maceral: a way ahead?’, International 

Journal of Coal Geology. 50. 119-134.  

 



 

36 

 

Schopf, J. M. (1956) ‘A definition of coal’, Economic Geology, 51. 521-527.  

 

Seifert, W. K. and Moldowan, J. M. (1980) ‘The effect of thermal stress on source-rock quality 

as measured by hopane stereochemistry’, Physics and Chemistry of the Earth. 12. 229-

237.  

 

Snowdown, L. R. (1991) ‘Oil from Type III organic matter resinite revisited’, Organic 

Geochemistry, 17. 743-747.  

 

Stach, E., Macows, M. T., Teichmuller, M., Taylor, G. H., Chandra, D. and Teichmullar, R. 

(1982) Statch’s Textbook of Coal Petrology. Gebruder Borntraeger: Berlin.  

 

Taylor, G. H., Teichmüller, M., Davis, A., Diessel C. F. K., Littke, R. and Robert, P. (1998) 

‘Organic Petrology’, Gebrüder Borntraeger, Berlin.  

 

Teichmüller, M. (1989) ‘The genesis of coal from the viewpoint of coal petrology’, 

International Journal of Coal Geology. 12. 1-87.  

 

Teerman, S. C. and Hwang, R. J. (1999) ‘Evaluation of the liquid hydrocarbon potential of coal 

by artificial maturation techniques’, Organic Geochemistry, 17 (6). 749-764. 

 

Ten Haven, H. L., de Leeuw, J. W., Rullkotter, J. and Sinninghe Damste, J. S. (1987) 

‘Restricted utility of the pristane/phytane ratio as a paleoenvironmental indicator’, 

Nature. 330. 641-643.  

 

Trevor, P. B., Ben, G. K. A. and Lang, D. (2007) ‘Rapid small-scale separation of saturate, 

aromatic and polar components in petroleum’, Organic Geochemistry, 38, 1235-1250.  

 

Ugochukwu Ononogbu (2012) Biomarkers: Review and application to the Eagle Ford Shale 

Formation. MSc Thesis, The University of Texas, Arlington.  

 

Wilson, R. A. M. (1964) ‘The geology and mineral resources of the Labuan and Padas Valley 

Area, Sabah, Malaysia’, Geology Survey Borneo Regional. Malaysia Mem. 17. 22-150.  

 



 

37 

 

Yao, S. P., Zhang, K., Jiao, K. and Hu, W. X. (2011) ‘Energy’, Exploration Exploitation. 1-19.  




