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Abstract

In this study, kaolin waste was enhanced with sulfonic groups to improve its textural and chemical properties,
resulting in a high-efficiency heterogeneous catalyst. The functionalized material was characterized using techniques such as
FTIR and EDX. The addition of sulfonic groups created active sites that significantly increased the ion exchange capacity,
enhancing catalytic performance and the analyses confirmed that the catalyst functionalization occurred efficiently [1][2]. The
acetalization of benzaldehyde was carried out at room temperature, with different reaction times tested. A remarkable
conversion rate of 98% was achieved after 30 minutes, although significant conversion was already observed from 15
minutes onward. In contrast, the reaction without the catalyst resulted in only 6.1% conversion. The successful transformation
of kaolin waste into a highly effective catalyst demonstrates its potential for broader applications in green chemistry,
especially in sustainable synthesis [3][4]. Acetals, the target products, are crucial intermediates in organic synthesis and the
pharmaceutical industry [5]. The catalytic process proposed in this study offers an efficient and eco-friendly approach to
acetal formation, advancing the field of heterogeneous catalysis [6][7]. Additionally, applying this functionalized material to
other challenging reactions could further highlight its versatility and potential as a sustainable catalyst in various industrial
processes [8].
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