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Abstract 

 

Hydrous pyrolysis is a technique that is employed to reproduce the formation of oil and gas under high temperature and pressure conditions, 

like those that occur naturally. It is used to study the composition of oil and gas generated, the efficiency of hydrocarbon generation, the 

mechanisms of reactions and kinetic parameters of source rocks. The method consists of heating source rocks, rich in organic matter, in the 

presence of water that acts as a source of hydrogen, simulating better the petroleum formation. Therefore, the composition of the products 

generated through hydrous pyrolysis closely resembles that of natural petroleum. The products generated from hydrous pyrolysis include oil, 

bitumen, and gases such as methane, ethane, propane, butane, carbon dioxide, hydrogen sulfide, and hydrogen. The pattern and quantity of 

hydrogen generated are influenced by factors such as the type of organic matter, thermal maturity, and the degree of system openness during 

pyrolysis. Despite its widespread use in investigating oil composition, one of the products formed during this process is molecular hydrogen. 

However, the detection, quantification, and formation mechanisms of molecular hydrogen are still little or no explored in the literature. 

Understanding the detection, quantification, and generation mechanisms of hydrogen during this process is relevant because hydrogen is an 

important gas, and there is a need for in-depth studies on its release dynamics and its impact on the pyrolysis system (Horsfield, 2022). In this 

study, we used hydrous pyrolysis as a method to investigate the composition of generated hydrocarbons and the production of hydrogen gas. 

The rock samples correspond to lacustrine organic rich source rocks from the Lower Cretaceous (Aptian) of the Araripe Basin (Brazil). The 

experiments were conducted using 150 g of rock, previously sieved through mesh 80 screens and heated to 60°C to remove moisture. The tests 

were carried out in 1L Parr reactors, containing 150 g of rock and 400 g of ultrapure water. The experiments were conducted at temperatures 

between 280°C and 365°C for 72 hours, with temperature control performed by a Parr controller and pressure monitoring via sensor and gauge. 

After the experiments, gas, expelled oil, and remaining rock samples were collected. The gas and oil samples were analyzed using gas 

chromatography (GC-FID and GC-MS), while the rocks were subjected to Soxhlet extraction for bitumen quantification. Hydrogen 

quantification was performed by comparing the peak areas in the chromatograms with known calibration standards previously obtained using 

standard gases with determined hydrogen concentrations. It was observed a tendency for the yield of molecular hydrogen to increase with 

rising temperature, however it decreases as system reaches higher temperatures than 350 °C. Notable yields of molecular hydrogen were 

observed, as well as other non-hydrocarbon gases such as carbon dioxide and nitrogen gas, with a yield profile proportional to the temperature 

increase. Among these, molecular hydrogen reached its peak at 350°C with a yield of 224.3 µmol/g TOCo, nitrogen gas had the lowest yield 

(11.8 µmol/g TOCo at 350°C), and carbon dioxide was the most abundant gas, with the highest yield at 365°C (2352.8 µmol/g TOCo). 



Therefore, molecular hydrogen was the second most abundant non-hydrocarbon gas, but when compared to the total amount of gases 

generated, it represents a small proportion. 


