In this study, magnetic FeNi₃ nanoparticles with a dendritic fibrous nanosilica (DFNS) structure were synthesized via chemical precipitation. The nanoparticles were functionalized with TEMPO and immobilized laccase to obtain TEMPO-FeNi₃@DFNS-laccase nanocatalysts. Structural and surface modification were confirmed by FTIR, XRD, SEM, and TEM analyses. The nanocatalysts demonstrated excellent catalytic efficiency in reducing 4-nitrophenol to 4-aminophenol in water using NaBH₄ as the reducing agent, achieving 99% conversion within 120 seconds. Enzyme activity studies (with ABTS substrate) and tests on pH, temperature, and repeated use indicated high stability and recyclability, with 90% activity retained after five cycles and thermal stability up to 80°C. The magnetic properties allowed rapid separation and reuse. These findings highlight the crucial role of DFNS modification in enhancing catalytic performance and provide a green, efficient strategy for wastewater treatment.
