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Bio-derived CoFe:04/activated carbon nanocomposites: effect of activation
strategy on magnetic properties, reusability, and solar photocatalytic
performance

Abstract

In this study, bio-based magnetic CoFe,Ou/activated carbon nanocomposites derived from pistachio shell were
synthesized using four different activation routes (ZnCl,, KOH, HsPOs, and CO,), and their photocatalytic
performance toward methylene blue degradation was systematically investigated. XRD results confirmed the
formation of a cubic spinel CoFe,O4 phase without any detectable impurity, while crystallite sizes estimated by
the Scherrer and Williamson—Hall methods were in the range of 820 nm with dominant tensile microstrain. BET
analysis revealed that the AC-ZnCl, sample possessed the highest specific surface area and pore volume, whereas
AC-H3POy4 exhibited the least developed porosity. SEM observations confirmed a more uniform distribution of
ferrite nanoparticles on highly porous carbon substrates. Magnetic measurements indicated soft ferrite behavior
for all nanocomposites, with saturation magnetization (Ms) values ranging from 9.4 to 34 emu g, providing
sufficient magnetic responsiveness for rapid separation. Under natural solar irradiation, the AC(ZnCl,)—CoF and
AC(KOH)—CoF samples achieved the highest photocatalytic efficiencies of 96.48% and 95.55% within 60 min,
respectively, following pseudo-first-order kinetics. Moreover, both samples retained more than 90% of their initial
activity after five consecutive reuse cycles. These results demonstrate that the synergistic effects of high porosity,
microstrain, and magnetic properties play a crucial role in enhancing the photocatalytic performance of the
CoFe,0q/activated carbon nanocomposites.

Keyword: activated carbon, CoFe,O4 nanocomposites, Activation strategy, Photocatalytic degradation,
Methylene blue, Magnetic properties, Reusability
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