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Oil shale semi-coke (OSSC) is a typical solid residue generated after oil shale distillation, which is primarily
composed of organic matter, kaolinite, illite and quartz. However, the occurrence states of these components in OSSC
and structural evolution mechanisms remain unclear, which severely restricts the performance optimization and
resource utilization.

Based on an in-depth understanding of the mineralogical and material properties of OSSC, hydrothermal-assisted
acid or alkali induced structural evolution of OSSC was systematically studied combining with relevant
characterizations, and the structural-activity relationship of the treated samples was explored by correlating the structure,
surface property and functional applications.

In the case of acid-leaching structural evolution of OSSC, different acid presented different transformation laws.
After being treated with non-oxidizing acid of hydrochloric acid, the metal leaching was mainly observed for octahedral
dissolution of clay minerals accompanied with hydrothermal carbonization of organic matters, and the selective
adsorption toward mycotoxins was related to the concentration of hydrochloric acid (Zhao et al., 2024), while the weak
oxidizing acid of perchloric acid could activate the chemical activity of organic matter with a slight weight loss,
promote the secondary complexation of leached metal ions, and significantly enhance the colloidal stability. By contrast,
strong oxidizing acid of nitric acid simultaneously induce the leaching of metal elements from clay minerals and the
decomposition of organic matter, and promote the transformation of iron sulfide compounds into jarosite crystals (Zhao
et al., 2026). The above studies revealed that the acid-driven structural reorganization mechanism of OSSC in
hydrothermal system, providing a new scientific basis and pathway for regulating the interfacial evolution and
functional utilization of organic-inorganic composites. Due to different driven mechanisms of alkaline activator-induced
structural transformation of minerals in OSSC, the cross-linked skeleton of the inert quartz in OSSC was destroyed, and
the silicon-oxygen structure transformed from Q4 to Q3/Q2. Meanwhile, the AlO6 octahedral structure of clay minerals
also undergone depolymerization and reorganization (Wang et al., 2024). Thus, the mineral and chemical compositions,
morphology, and adsorption performance to environmental pollutants changed with the change of alkaline activators,
especially the products treated with phosphate presented excellent adsorption capacity and adsorption rate to heavy
metal ions (Wang et al., 2026). It provided an effective approach for the full-components simultaneous utilization of
OSSC solid waste, and constructing efficient adsorbent materials for water and soil pollutants as well.
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