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Fig. 5 Ciprofloxacin degradation profiles versus time in 
different systems (initial CIP concentration 50 mg L-1, Na2S2O8 
concentration 2 g L-1, catalyst load 1 g L-1). 
 
about 3% of CIP removal in 90 min, and the addition of 
Fe3O4@α-MnO2 alone enhanced the CIP degradation and the 
removal of CIP was 41.4%, which could be attributed to 
adsorption of CIP on the Fe3O4@α-MnO2 microspheres. The 
simultaneous use of Fe3O4@α-MnO2 and PS promoted the CIP 
degradation significantly, yielding a CIP removal of 90% in 90 
min, which was higher than the CIP removal of 79.5% and 
29.5%, achieved by adding α-MnO2 and Fe3O4 as the catalyst, 
respectively. These results indicated that the core-shell 
structured Fe3O4@α-MnO2 microspheres could enhance the 
catalytic degradation of CIP in the present of PS. The TOC 
concentration of the solution decreased from 28.5 mg L-1 of the 
initial solution to 16.5 mg L-1 of reacted solution, indicating 
that some of the CIP has not been degraded completely after 
reaction for 90 min. It should be noted that the CIP could be 
mineralized completely by prolonging reaction time.  

Sulfate radical has been proposed to be the actual oxidant 
species in activated PS processes. However, hydroxyl radical 
can also be generated due to the reaction of SO4

● – with H2O.12, 

16 The nascent free radical species have high oxidizing ability 
for oxidation of the CIP. To identify the catalytic role of the 
potential species, ethanol (EtOH) and tert-butanol (TBA) 
scavenger, which have different reaction rate constants with 
sulfate radical and hydroxyl radical, were added to the catalytic 
system.16 In the presence of EtOH, the degradation of CIP 
obviously decreased (Fig. S4). In contrast, the presence of TBA 
has slight effect on CIP degradation. These results suggested 
that sulfate radical was the main oxidant species responsible for 
CIP degradation in the magnetic composites/PS coupled 
process. Moreover, the prepared core-shell structured Fe3O4/α-
MnO2 microspheres showed superior stability during the 
activated PS reaction, and more than 85% of the CIP could be 
decomposed after duplicating the catalytic reaction 5 times (Fig. 
S5). The above observations indicated that the as-synthesized 
core-shell structured Fe3O4/α-MnO2 microspheres could be 
used as a potential catalyst for organic pollutants degradation. 

Conclusions 

In summary, three-dimensional core-shell structured Fe3O4/α-
MnO2 microspheres have been successfully synthesized by 
two-step hydrothermal method. The crystal α-MnO2 loaded on 
the Fe3O4 microspheres as nanosheets with thickness of about 5 
nm. The obtained products showed high ability to activate PS 

for degradation of CIP from the solution with easy magnetic 
separation. These results implied that this material could be 
used as catalyst for effectively degradation of organic pollutants 
from wastewater. 
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