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Effects of mineral composition on product distribution during supercritical water
upgrading of oil shale: A case study of oil shales from Changqing oilfield in Ordos
Basin and Longkou area in Huangxian Basin

YANG Jinghui, JIA Bao, HUANG Zhongwei

[ State Key Laboratory of Petroleum Resources and Engineering , China University of Petroleum (Beijing) , Beijing 102249, China ]

Abstract: To elucidate the mechanism by which differences in mineral composition influence product generation
pathways during in-situ upgrading of oil shale in supercritical water (SCW) , two representative oil shale samples, one
from the Changqing oilfield in the Ordos Basin (sample CQ, pyrite-rich) and the other from the Longkou area in the
Huangxian Basin (sample LK, calcite-rich), were selected and subjected to high-temperature and high-pressure thermal
simulation experiments under SCW conditions at 400 ‘C and 25 MPa. A combination of X-ray diffraction (XRD), gas
chromatography (GC) , Fourier transform infrared spectroscopy (FT-IR), and gas chromatography-mass spectrometry
(GC-MS) was employed to investigate the evolution behavior and compositional characteristics of gaseous, liquid, and
solid products. As indicated by the research results, differences in mineral matrix significantly influence the reaction
pathways of oil shale upgrading in SCW. The abundant calcite (53.0%) in the sample LK underwent extensive
dissolution and decomposition under SCW conditions, releasing large amounts of CO> (accounting for 55. 94% of the

total gas yield). This process inhibited the water-gas shift reaction, resulting in a low H, yield (only 10.01%).
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Consequently, the liquid products exhibited characteristics of high asphaltene content (42.18%) and low aromatic
content (18.89%). In contrast, the pyrite-rich sample CQ contained abundant pyrite (25.5%), which was transformed
into reactive phases, including pyrrhotite, magnetite, and elemental sulfur through in-situ redox reactions under SCW
conditions. These reactive phases not only released acidic components that promoted organic matter cracking, but also
enhanced methanation and hydrogenation reactions. As a result, the yields of CH4 and H» increased substantially,
reaching 32.52% and 18.88%, respectively.

characteristics, with the asphaltene content decreasing to 35. 32% while the contents of aromatic fractions (23. 83%)

The resulting liquid product exhibited pronounced lightening

and low-carbon-number hydrocarbons (carbon number < 16) increasing significantly. This study delves into the
synergistic co-evolution mechanism among minerals, fluids, and organic matter, and demonstrates that the “dissolution-
CO, inhibition” effect of calcite and the “acidification-hydrogenation™ effect of pyrite are the two key factors controlling

the upgrading pathways of oil shale in SCW. These findings provide important theoretical support for developing

differentiated in-situ recovery strategies for oil shales with different mineralogical compositions.

Key words: light hydrocarbon enhancement, oil composition, gas differentiation, mineral-fluid interaction,

supercritical water upgrading, oil shale
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Fig. 1 Conceptual model of oil shale pyrolysis under supercritical water (SCW ) conditions
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Table 1 XRD mineral compositions of LK (Huangxian

Basin) and CQ (Ordos Basin) oil shale samples
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Table 2 Geochemical parameters of LK (Huangxian Basin)
and CQ (Ordos Basin) oil shale samples

AT S A HI 0l S/S, TOC/% AHLFHH
LK 436 1202.1 11.0 109.3 11.8
CQ 442 1179.0 12.8 92.1 11.4
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Fig. 2 Schematic diagram of the high-temperature and high-

pressure experimental apparatus
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Fig. 3 Comparison of gas chromatographic (GC) results of
various components in gaseous products from SCW pyrolysis of

LK (Huangxian Basin) and CQ (Ordos Basin) oil shale samples
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Fig. 4 Total ion current chromatogram of saturated hydrocarbon

fractions in oil-phase products from SCW pyrolysis of LK oil shale

sample from the Longkou area in the Huangxian Basin
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pyrolysis of oil shale samples
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