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Research progress on preparation, modification and application of
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Abstract: TiO»-based photocatalytic materials have shown great potential in the fields of environmental
purification and biomedicine, but their intrinsic wide band gap and high carrier recombination rate
seriously restrict their practical applications. The latest progress in this field was systematically reviewed
from the perspective of the coupling mechanism of “structure regulation-performance optimization-
application expansion”. Firstly, the precise regulation of the microstructure of TiO, materials by key
preparation techniques such as hydrothermal synthesis, sol-gel method, plasma spraying and magnetron
sputtering and its decisive influence on photocatalytic activity, stability and processability were deeply
analyzed. Secondly, focusing on the modification strategies such as ion doping, semiconductor
compounding and surface modification, the synergistic optimization mechanism of electronic structure,
carrier dynamics and surface properties was systematically explained, and the physical and chemical
nature of performance enhancement was revealed. Finally, the research and development trends of TiO-
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based photocatalytic functional materials were analyzed, and their potential applications in the fields of
photocatalytic synergistic mechanism, environmental governance technology upgrading and biomedical
frontier exploration were pointed out. By combing the existing achievements, it provides theoretical
support and innovative ideas for the design of efficient, intelligent and multi-functional next-generation
TiO2-based photocatalytic materials, and provides a reference for its popularization and application,
aiming to further promote the development of photocatalytic materials in materials science.
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