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Figure 1- (a) Perovskite structure of BaTiOs, (b) relationship between piezoelectric, pyroelectric, and ferroelectric materials
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Table 3- Comparison of different synthesis methods of BaTiOs and the resulting characteristics
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Table 4- Performance of various BaTiO3-based piezo/photocatalyst samples in the removal of emerging contaminants
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Fundamentals and applications of BaTiOz-based ferroelectric semiconductors in
photocatalytic degradation of emerging pollutants: From fundamentals to practical applications
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Abstract

Background and Aims: Recent concerns regarding the presence of emerging contaminants in water resources
have led to increased research on advanced oxidation processes as an effective approach for removing these
persistent and recalcitrant compounds. Among these processes, semiconductor-based photocatalytic
technologies have attracted considerable attention due to their ability to harness solar energy and generate
electron-hole pairs. This article reviews and presents the fundamental concepts, characteristics, properties,
and applications of ferroelectric semiconductors, particularly barium titanate in the degradation of emerging
contaminants.

Materials and Methods: This study is a narrative review, with data collected from research and review articles
published in reputable international journals over the past decade. Literature selection was based on topical
relevance, novelty, and scientific quality. The extracted information was analyzed and categorized along key
thematic areas, including crystal structure, intrinsic properties, photocatalytic mechanisms, environmental
applications, and future perspectives. Ethical standards regarding research conduct and source citation were
fully adhered to throughout the study.

Results: Recent studies indicate that ferroelectric photocatalysts based on barium titanate exhibit excellent
performance in the removal of emerging pollutants such as pharmaceuticals, synthetic dyes, and resistant
organic compounds and for some pharmaceutical compounds, up to 100% removal efficiency has also been
reported. The coupling of ferroelectric and piezocatalytic properties enhances charge carrier separation and
significantly improves mineralization efficiency.

Conclusion: Barium titanate, as a ferroelectric photocatalyst, represents a promising candidate for the
development of sustainable, cost-effective, and environmentally friendly water treatment technologies.
Understanding the relationship between ferroelectric properties and photocatalytic performance can pave the
way for designing next-generation advanced materials for efficient real wastewater treatment.

Keywords: Photocatalytic processes; Persistent pollutants; Ferroelectric semiconductors;
Piezocatalysts; Barium titanate.
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