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Performance and mechanism of peracetic acid activation by refinery sludge—
derived pyrolytic char for bisphenol A degradation
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(State Key Laboratory of Heavy Oil Processing, College of Chemical Engineering and Environment, China University of
Petroleum (Beijing), Beijing 102249, China)

Abstract: Using two types of excess sludge derived from a municipal wastewater treatment plant and a
petrochemical wastewater treatment plant as raw materials, this study comparatively investigated the properties of
pyrolytic char prepared at 600°C, as well as their performance and reaction pathways in activating peracetic acid
(PAA). The results demonstrated that both pyrolytic char exhibited rough surface morphologies and diverse
elemental compositions. Compared with municipal sludge—derived pyrolytic char (MS), refinery sludge—derived
pyrolytic char (RS) possessed a higher specific surface area (123.5 m’/g), greater sp’—hybridized carbon content
(32.8%), and larger pore volume (0.26 cm’/g). MS showed negligible adsorption capacity toward bisphenol A (BPA),
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with a reaction rate constant(k, ) of only 0.025 min™' for BPA degradation via PAA activation. In contrast, RS
achieved 33.6% BPA removal through adsorption alone, and exhibited a significantly higher k. of 0.729 min™" for
PAA-activated degradation. Moreover, the coexisting anions do not inhibit the degradation of BPA in the RS/PAA
system. Mechanistically, RS activated PAA predominantly through an electron transfer process (ETP), in which
delocalized m electrons associated with sp’~hybridized carbon structures served as the primary active sites. In
comparison, MS activated PAA mainly via surface Fe(IT), generating Fe(IV) =0 species responsible for BPA
degradation, accompanied by only a minor contribution from ETP. Product analysis revealed that BPA degradation
occurred simultaneously in both the aqueous phase and on the surface of the pyrolytic char in both systems. On the
pyrolytic char surface, polymerization reactions led to the formation of dimers and trimers. In the aqueous phase,
BPA in the MS/PAA system underwent bond cleavage and ring—opening reactions to form small molecular acids,
whereas in the RS/PAA system, BPA experienced bond cleavage followed by acetic acid addition, producing ester
compounds with higher molecular weights. This study provides a theoretical basis for the application of refinery

sludge—derived pyrolytic char in the treatment of organic pollutants.
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Fig.1 Surface morphology characterization results of MS and RS
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