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Problem: Phenolic compounds in the 

environment

• toxic, persistent organic micropollutants posing significant risks to both human health and ecosystems, even at trace levels;

• sources: natural, anthropogenic, everyday sources;

• environmental inputs: agricultural runoff, landfill leachates, and effluents from wastewater treatment plants.

EPA health advisories (mg/L range) reflect theoretical health-based safety levels, while EU/WHO/Serbia 

regulatory limits (µg/L range) are much stricter due to taste/odor concerns and preventive risk management.

Why persulfate-based AOPs?

Persulfate-based advanced oxidation

processes are emerging as efficient technologies for

degrading phenolic pollutants due to:

• strong oxidative capabilities and,

• wide pH tolerance.

The most common persulfates are

peroxymonosulfate (PMS) and peroxydisulfate

(PDS).

Role of Catalysts?

Sustainability Aspect: Utilization of non-toxic, abundant, and reusable catalysts minimizes secondary

pollution and promotes circular resource use.

Catalyst Type Synthesis method Advantages Disadvantages

Bulk Fe3O4 nanoparticles Co-precipitation; hydrothermal Simple, low-cost, magnetic separation

Surface oxidation reduces 

Fe(II); needs irradiation or 

reducing agents to regenerate 

Fe(II)

Fe3O4/carbon

(biochar, rGO, AC)
Impregnation, in-situ growth

Uses waste biomass (biochar), enhances 

electron transfer, lowers Fe leaching, 

improves dispersion

Possible fouling, variable 

from feedstock

(MnO2, CuO, ZnO) Hydrothermal, deposition
Synergistic redox cycles, broader pH 

range, higher activity

More complex synthesis; 

possible non-Fe metal 

leaching

Sulfur- or heteroatom-modified Fe3O4 Sulfidation, doping
Faster PS activation, enhanced surface 

Fe(II) availability

Stability under oxidizing 

conditions can be an issue

Supported single-atom Fe/Fe3O4

clusters on carbon

Advanced synthesis (atomic 

dispersion)

Maximal atom efficiency, minimized 

leaching, very active

Higher synthesis 

cost/complexity

Magnetite-based Heterogeneous Catalysts for Persulfate Oxidation

 Magnetite-based catalysts offer an eco-friendly and efficient route for

phenol removal in wastewater.

 Their magnetic recoverability, stability, and strong oxidant activation

make them promising for sustainable AOP applications.

 Ongoing research on improving their durability and reusability will

further support large-scale, cost-effective environmental remediation.


