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Table S1: Relevant typical research on the application of modified nanometal 

catalytic materials in the advanced oxidation processes 

Catalytic Oxidants 
Target 

pollutants 
Results Reference 

Zero Valent Iron (ZVI)-Sludge Derive 

Various catalytic parameters were 

thoroughly investigated d Biochar 

(SDBC)（ZVI-SDBC） 

persulfate 

acid orange 

(AO7) and 

landfill 

leachate 

The advantages of ZVI-SDBC 

included the superior, pH-

independent, and sustainable 

performance as a PS activator, It 

is of great significance for the 

treatment of organically polluted 

wastewater, groundwater, and 

soil. 

Wang et al. 

(2020) 

‘nuclear-shell structure iron-carbon 

nanocomposite (Fe@CNs) 
persulfate BPA 

Fe@CNs, a new and successful 

attempt for PS to degrade BPA 

efficiently 

Liu et al. 

(2020) 

Fe@N-doped graphene-like carbon 

Peroxy-

mono 

sulfate 

4-

aminobenzoic 

acid ethyl ester 

(ABEE) and 

sulfamethoxaz

ole (SMX) 

It has good catalytic properties of 

peroxymonosulfate， This study 

provided a new insight to 

fabricate high-efficiency 

activation mediator combined 

metal and N-doped graphene-like 

carbon from MOFs for advanced 

oxidation processes. 

Liu et al. 

(2019) 

novel nano zero-valent iron anchored 

yCo3O4 (nZVI/yCo3O4) composites 

Peroxy 

disulfate 
tetracycline 

the synthesized heterogeneous 

nZVI/yCo3O4 composites can 

efficiently active PS at a wide pH 

range, and further broaden the 

application of Co-based catalysts 

in PS activation 

Wang et al. 

(2019) 

Granular activated carbon (GAC) 

supported ZnO catalyst (ZnO-GAC) 
persulfate Acid Orange 7 

It has good catalytic properties of 

persulfate， The reusability of 

ZnO-GAC was unsatisfactory 

Liu et al. 

(2018) 

carbon-encapsulated metal 

nanoparticles

（FeNi@C,Fe@c,Ni@C,Cu@C) 

Peroxymo

nosul-fate 

Bisphenol A. 

carbamazepine 

etc 

metal@C NPsprepared in this 

study is superior to pristine metal 

NPs in terms of chemical 

stability， And better catalytic 

performance 

Yun et al. 

(2020) 

FeOx/MnOy decorated oxidized 

carbon nanotubes (CNTs-Fe-Mn) 

composites 

Peroxymo

nos-

sulfate 

rhodamine B 

(RhB) 

CNTs-Fe-Mn can activate 

peroxymonosulfate efficiently 

and also display excellent 

performance of long-term 

stability for the degradation of 

organic pollutants in water. 

Tian and 

Xiao (2020) 

Fe-doped BiOCl nanosheets persulfate levofloxacin 

The catalysts show good catalytic 

performance and stability， the 

good feasibility of Fe-doped 

BiOCl nanosheets which would 

enhance the utilization of 

photocatalysts under visible light 

Zhong et al. 

(2020) 

Fe0-based nanomaterials（nZVI，S-

nZVI,Ni-nZVI,C-nZVI） 
sulfite sulfamethazine 

In general, the catalytic effect of 

the three nano zero-valent iron 

modified catalysts is generally 

better than that of bare NZVI 

Li et al. 

(2020) 

sulfide-modified nanoscale iron 

supported by biochar (S-nZVI/BC) 
persulfate ciprofloxacin 

Results showed that S-nZVI/BC 

exhibited excellent performance 

in removing CIP when combined 

with PS， S-nZVI/BC is an ideal 

catalyst for PS activation for 

antibiotics treatment 

Gao et al. 

(2020) 

Iron/copper bimetallic nanoparticles-

based sludge biochar (Fe/Cu-SBC) 
periodate 

diclofenac 

sodium 

The type and number of surface 

functional groups were found to 

be increased and the catalytic 

performance was improved by the 

modification of Fe/Cu bimetallic 

nanoparticles。 Therefore, this 

investigation provides a feasible 

alternative for the degradation of 

PPCPs in wastewater. 

He et al. 

(2021) 



 

 

carbon nanotube supported nanoscale 

zerovalent copper(nZVC–CNT) 

Peroxymo

nos-

sulfate 

Congo red 

 

nZVC–CNT were developed to 

serve as high-performance 

catalysts, electrode, and filtration 

media simultaneously, 

Wentian et 

al. (2021) 

 
Fig.S1 Diagram of semi-finished and fresh S-(nFe0-Ni)/BC. 

Fig.S2 XPS full scan pattern of S-(nFe0-Ni)/BC (before and after reaction). 

 

Fig.S3 SEM morphology of S-(nFe0-Ni)/BC. (a) 4000 times; (b) 10000 times 



 

 

 

Fig.S4 Effect of different free radical scavengers on the degradation of BPA 

in high temperature wastewater by S-(nFe0-Ni)/BC /PI system; [BPA]0:20µM, 

[PI]0:1mM, S-(nFe0-Ni)/BC:0.2g/L, Temperature: 65°C, initial pH:4.0; L-His, 

Methanol, PBQ, Phenol, TBA:10mM. 

 

Effect of dissolved oxygen. 

In the presence of oxygen, it mainly affects O2
•-

, • OH、O( P)
3 ，compared with 

the standard system, the degradation rate of BPA decreased by 8.4% in the absence of 

oxygen, indicating that the above oxygen-containing free radicals exist in the system, 

but they did not play a dominant role in the degradation of BPA. This is consistent with 

previous research results. In addition, the degradation of BPA was inhibited under 

oxygen saturation, There may be two reasons for this: (1) when DO was too high, it 

will inhibit the production of • OH, (2) excessive dissolved oxygen in the water will 

consume Fe2+ as an important active intermediate, thereby affecting the generation of 

main active species IO3
•
, directly leading to a decrease in the degradation efficiency of 

BPA(from 3.2.2). The equation is as follows: 



 

 

O( P)
3 + O2 → O3 (1) 

4Fe2+ + O2 + 4H+ → 4Fe3+ + 2H2O (2) 

IO4
- + 2Fe2+ + 2H2O →  IO3

• + 2Fe3+ + 2 O2
•- + 4H+ (3) 

IO3
• + BPA → IO3

-
+products (4) 

 
Fig.S5 Efficiency of {S-(nFe0-Ni)/BC}/PI in degrading BPA in high-

temperature wastewater under oxygen saturation and anaerobic conditions; (a) 

degradation efficiency; (b) pseudo-first-order kinetic fitting; [BPA]0:20µM, 

[PI]0:1mM, S-(nFe0-Ni)/BC:0.2g/L, Temperature: 65°C, initial pH:4.0. 

 

 

Table S2 Kinetic constants of {S-(nFe0-Ni)/BC}/PI degradation of BPA in high-

temperature wastewater under oxygen saturation and anaerobic conditions. 

Gas environment (℃) kobs1
(min

-1
) R1

2 kobs2
(min

-1
) R2

2  

O2 0.1383 0.8886 0.0081
 

0.9555
 

N2 0.1965 0.8285 0.0085
 

0.9584
 

Control 0.2936 0.8158 0.0105
 

0.9720
 

 

 



 

 

 

Fig.S6 Efficiency of {S-(nFe0-Ni)/BC}/PI degradation of BPA in high-

temperature wastewater under different concentrations of Phenol addition; 

[BPA]0:20µM, [PI]0:1mM, S-(nFe0-Ni)/BC:0.2g/L, Temperature: 65°C, initial 

pH:4.0; Phenol:0.5,1,2,5mM. 

 

 

Fig.S7 Efficiency of {S-(nFe0-Ni)/BC}/PI degradation of BPA in high-

temperature wastewater under different concentrations of L-HIS addition; 

[BPA]0:20µM, [PI]0:1mM, S-(nFe0-Ni)/BC:0.2g/L, Temperature: 65°C, initial 

pH:4.0; L-HIS:0.5,1,2,5mM. 

 



 

 

 

Fig.S8 Efficiency of {S-(nFe0-Ni)/BC}/PI degradation of BPA in high-

temperature wastewater under different concentrations of TBA addition; 

[BPA]0:20µM, [PI]0:1mM, S-(nFe0-Ni)/BC:0.2g/L, Temperature: 65°C, initial 

pH:4.0;TBA:0.5,1,2,5mM. 

Table S3 Kinetic constants of {S-(nFe0-Ni)/BC}/PI degradation of BPA in high-

temperature wastewater under different scavengers. 

 kobs1
(min

-1
) R1

2 kobs2
(min

-1
) R2

2  

Phenol(0.5mM) 0.2381 0.9362 0.0081 0.9768 

Phenol(1mM) 0.1255 0.9920 0.0083 0.9714 

Phenol(2mM) 0.1331 0.9354 0.0038 0.9936 

Phenol(5mM) 0.0062 0.9997 0.0003 0.7636 

L-HIS(0.5mM) 0.1432 0.8229 0.0126 0.9819 

L-HIS(1mM) 0.1950 0.7893 0.0107 0.9908 

L-HIS(2mM) 0.1972 0.8446 0.0084 0.9866 

L-HIS(5mM) 0.1229 0.7332 0.0009 0.9422 

TBA(0.5mM) 0.1505 0.8927 0.0091 0.9719 

TBA(1mM) 0.2032 0.7960 0.0103 0.9717 

TBA(2mM) 0.2003 0.8099 0.0105 0.9608 

TBA(5mM) 0.1833 0.8354 0.0087 0.9682 

Control 0.2936 0.8159 0.0105 0.9708 

 



 

 

   
Fig.S9 Efficiency of {S-(nFe0-Ni)/BC}/PI system for degradation of BPA in 

high-temperature wastewater under different scavengers for 5-120 minutes; 

[BPA]0:20µM, [PI]0:1mM, S-(nFe0-Ni)/BC:0.2g/L, Temperature: 65°C, initial 

pH:4.0;TBA,L-HIS, Phenol:2mM. 

Table S4 Kinetic constants of {S-(nFe0-Ni)/BC}/PI degradation of BPA in high-

temperature wastewater under different scavengers for 5-120min period. 

 kobs2
(min

-1
) R2

2 

TBA(2mM) 0.0091 0.9708 

L-HIS(2mM) 0.0084 0.9866 

Phenol(2mM) 0.0038 0.9936 

Control 0.0105 0.9720 



 

 

Fig.S10 The degradation pseudo-first-order kinetic of BPA solution by varying (a) 

the S-(nFe0-Ni)/BC dosage ([BPA]0:20µM, [PI]0:1mM, Temperature: 65°C, initial 

pH:4.0); (b) the PI dosage (BPA]0: 20µM, S-(nFe0-Ni)/BC:0.2g/L, Temperature: 

65°C, initial pH:4.0); (c) the BPA dosage ([PI]0:1mM, S-(nFe0-Ni)/BC:0.2g/L, 

Temperature: 65°C, initial pH:4.0); (d) catalytic temperature ([BPA]0:20µM, 

[PI]0:1mM, S-(nFe0-Ni)/BC:0.2g/L, initial pH:4.0); (e) the initial pH in the {S-

(nFe0-Ni)/BC}/PI system ([BPA]0:20µM, [PI]0:1mM, S-(nFe0-Ni)/BC:0.2g/L, 

Temperature: 65°C); (f) effect of different anions on BPA degradation in the {S-

(nFe0-Ni)/BC}/PI system ([BPA]0:20µM, [PI]0:1mM, S-(nFe0-Ni)/BC:0.2g/L, 

Temperature: 65°C, initial pH:4.0, 𝐍𝐎𝟑
−, C𝐥−, SO4

2−
, CO3

2-
:5mM). 

 

 

 

 

 



 

 

Table S5 Kinetic constants of {S-(nFe0-Ni)/BC}/PI degradation of BPA in high 

temperature wastewater at different dosages of S-(nFe0-Ni)/BC. 

[Dosage] (g/L) kobs1
(min

-1
) R1

2 kobs2
(min

-1
) R2

2  

0.1 0.1478 0.7890 0.0057
 

0.9794
 

0.2 0.2936 0.8159 0.0102
 

0.9708
 

0.3 0.3217 0.8461 0.0129
 

0.9815
 

 

Table S6 Kinetic constants of {S-(nFe0-Ni)/BC}/PI degradation of BPA in high-

temperature wastewater at different dosages of PI. 

[PI] 0(mM) kobs1
(min

-1
) R1

2 kobs2
(min

-1
) R2

2  

0.5 0.0472 0.9959 0.0057
 

0.9624
 

1 0.2936 0.8159 0.0105
 

0.9708
 

2 0.0640 0.9993 0.0108
 

0.9772
 

4 0.1074 0.9393 0.0190 0.9943 

Table S7 Kinetic constants of {S-(nFe0-Ni)/BC}/PI degradation of BPA in high-

temperature wastewater at different dosages of BPA. 

[BPA] 0(µM) kobs1
(min

-1
) R1

2 kobs2
(min

-1
) R2

2  

10 0.2866 0.8766 0.0123
 

0.9769
 

20 0.2936 0.8159 0.0105
 

0.9708
 

40 0.2039 0.8542 0.0056
 

0.9567
 

60 0.1029 0.7805 0.0042 0.9820 

Table S8 Kinetic constants of {S-(nFe0-Ni)/BC}/PI degradation of BPA in high-

temperature wastewater at different catalytic temperature. 

Temperature(℃) kobs1
(min

-1
) R1

2 kobs2
(min

-1
) R2

2  

25 0.0888 0.8467 0.0030
 

0.9749
 

45 0.2156 0.8266 0.0061
 

0.9992
 

65 0.2936 0.8158 0.0105
 

0.9712
 



 

 

Table S9 Kinetic constants of {S-(nFe0-Ni)/BC}/PI degradation of BPA in high-

temperature wastewater at different initial pH. 

[pH] 0 kobs1
(min

-1
) R1

2 kobs2
(min

-1
) R2

2  

4 0.2935 0.8159 0.0106
 

0.9634
 

5 0.3466 0.8179 0.0044
 

0.9012
 

7 0.1032 0.9919 0.0029
 

0.8480
 

9 0.1368 0.9941 0.0023 0.9214 

11 0.1308 0.9999 0.0066 0.9212 

Table S10 Kinetic constants of {S-(nFe0-Ni)/BC}/PI degradation of BPA in high-

temperature wastewater at different anions. 

Anion(5mM) kobs1
(min

-1
) R1

2 kobs2
(min

-1
) R2

2  

NO3
-
 0.2848 0.8174 0.0155

 
0.9878

 

SO4
2−

 0.4097 0.8509 0.0081
 

0.971
 

Cl
-
 0.3135 0.8018 0.0143 0.9643

 

CO3
2-

 0.2001 0.9459 0.0082 0.9964 

Control 0.2936 0.8158 0.0105 0.9720 

 

 



 

 

 

Fig.S11 Comparison of degradation efficiencies under different conditions; 

catalyst dosage:0.2g/L; [BPA]0:20µM, [PI]0:1mM, Temperature: 65°C, initial 

pH:4.0. 
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