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Abstract Mechanochemically sulfidated zero valent iron (S-ZVI), prepared from ball milling of ZVI and sulfur powder,
was used as a catalyst for heterogeneous Fenton oxidation of a variety of persistent organic compounds including phenol,
chlorophenols, nitrobenzene, bisphenol A and tetracycline. The 100% removal of phenol was achieved within 1 min in
S-ZVI/H,0, system while it took 10 min in ZVI/H,0, system. The initial surface area normalized phenol degradation rate by
S-ZVI was 5 times of that of ZVI, suggesting the much higher efficiency of S-ZVI in catalyzing the decomposition of H,O,
for oxidative degradation of organic contaminants. In addition, an initial lag period of phenol degradation in ZVI/H,0, sys-
tem was absent in S-ZVI/H,0, system. The removal efficiency of phenol was dependent on the initial H,O, concentration,
S-ZVI dosage, initial phenol concentration, and pH. The optimum pH and H,0, concentration was 3.0 and 2 mmolsL ™", re-
spectively, when the initial phenol concentration was 0.2 mmolsL ™" and the S-ZVI dosage was 0.12 g*L™'. The phenol deg-
radation was effectively scavenged by a *OH probe compound, ethanol and the electron paramagnetic resonance (EPR) stud-
ies successfully detected DMPO (5,5-dimethyl-1-pyrroline-N-oxide)-OH signals, which collectively suggests that the reactive
species responsible for contaminant degradation in S-ZVI/H,0, system was *OH. S-ZVI particles before and after reaction
were characterized by scanning electron microscopy/energy dispersive X-ray spectroscopy (SEM-EDS) and X-ray diffraction
(XRD). SEM-EDS results showed that the oxidation of S-ZVI by H,0, resulted in the formation of iron hydroxide nanoparti-
cles on the particle surface while FeS was not significantly consumed. Tafel analysis of S-ZVI and ZVI modified electrodes
demonstrated that S-ZVI had a greater overall rate of electron transfer than ZVI. Therefore, FeS as a better electron conductor
facilitated the electron transfer from Fe® to H,0, resulting in faster Fe?* releasing and H,0O, activation, which enhanced con-

taminant degradation.
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Figure 1 (a) Comparison of phenol degradation by H,0, catalyzed by various materials; Evolution of dissolved Fe*" (b) and H,0, (c) during the degra-
dation process; (d) Comparison of phenol degradation by H,O, catalyzed by S-ZVI with different S/Fe molar ratio
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Figure 2 Impact of reaction parameters on the degradation of phenol by S-ZVI/H,0,: (a) H,O, dosage; (b) S-ZVI addition; (c) phenol concentration; (d)
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Entry Contaminant Initial Conc./(mmolsL ") Time/min Conv./% React. Rate/min '
1 Phenol 0.2 1 100 6.1
2 4-Chlorophenol 0.2 2/3 100 6.0
3 2,4,6-Trichlorophenol 0.2 2 100 49
4 Tetracycline 0.2 1/3 100 14
5 Bisphenol A 0.2 3 100 1.6
6 Nitrobenzene 0.2 10 100 0.68
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Figure 3 (a) Scavenging of phenol degradation at different H,O,:EtOH
molar ratio; (b) EPR spectra of S-ZVI/H,0,
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Figure 4 (a) SEM image of S-ZVI particles before reaction; (b) EDS
spectra of point [1] in (a); (c) mapping of iron element; (d) mapping of
sulfur element
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Figure 5 (a) SEM image of S-ZVI particles after reaction; (b) EDS spectra of point [1]; (c) EDS spectra of point [2]
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Figure 6 (a) XRD patterns of S-ZVI before and after reaction; (b)
Comparison of Tafel plots of S-ZVI and ZVI at pH 3.0
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WS A5 BT 1S S-ZVI A4k,
3.2 MK ROHTE

7E 100 mL MRt ISR I S-ZVI & &4k & i5
PRI, T pH JE NN HyOp I RIFUR M. SN
TEMERRG 2 P AT, RMVIRE N 25 C, RGIEEN
180 r/min. FE4FE B E] ASHORE, PR JE a8 1 y8 )5,
YN A

TV T 4 3 G A BE R WA £ 1S X (Agilent
1260) 52, % Fe? e AR SRS IR 23 56 6 B vk
SE, FIAI HyO, W FE F I AR 35 40 e e FE v 52 .
3.3 FURFRIE

K ) BRI B A (Micromeritics ASAP2020), % T
BET A5 B4 5 FORL Y L R AR . 6 43 3 o 7 B s
(SEM, Zeiss S-3400N)-fEi%{(EDS)M % S-ZVI H &1k
TE SR NHIT JE TSR e TG A3 A (AR Ak, I XS 2 S
(XRD X’Pert PRO) /3 #T I ML HiT f& S-ZVI B &K Sk 41
HIARAk. SR FH H IR L 4R Y% 1% A% (EPR, Bruker A300)
M5 J2 B IS FR P A 1 .
3.4 BULESH

fif FHEC & 7 = BB B 1 HE b 2 T A o
(CHI760E, i JR4)idEAT HAL 22 53 B (Tafel BEx0). =
N pH N 3.0. Al S-ZVI AT ZVI e [ Bk L
M, BIURL(1 mg)5E 7 BUER 1) Nafion ¥ (0.5 wt%,
50 uL), SRJEHL 2 pL WAETFi ok b,
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