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ABSTRACT

The efficiency and mechanism of electrochemical phenol oxidation using persulfate (PS) and nanosized zero-valent iron
(NZVI) were investigated. The pseudo-first-order rate constant for phenol removal by the electrochemical/PS/NZVI
(1 mA*cm /12 mM/6 mM) process was 0.81 h™', which was higher than those of the electrochemical/PS and PS/NZVI
processes. The electrochemical/PS/NZVI system removed 1.5 mM phenol while consuming 6.6 mM PS, giving the
highest stoichiometric efficiency (0.23) among the tested systems. The enhanced phenol removal rates and efficiencies
observed for the electrochemical/PS/NZVI process were attributed to the interactions involving the three components, in
which the electric current stimulated PS activation, NZVI depassivation, phenol oxidation, and PS regeneration by anodic
or cathodic reactions. The electrochemical/PS/NZVI process effectively removed phenol oxidation products such as
hydroquinone and 1,4-benzoquinone. Since the electric current enhances the reactivities of PS and NZVI, process
performance can be optimized by effectively manipulating the current.
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A (5), E ke B sk 1@ (6)9] A 3ket
TS ARSBR] el S 4931 Sltk(Budaey
et al., 2015; Liang et al, 2004a; Liu et al., 2014).
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o] S 7FES o83l HERloles skl AT
7} &= 3 QJtHHussain et al, 2012; Oh et al,
2010). =g EAlsk= oHe A (7)) 2 4 8 2
o] & Hv 8FiAe} wkEsle] AlslEEA] 27k ol
< AU 2 (99 2ol HERtel3 ksl 27t
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Fig. 1. Degradation of phenol by individual and combined
processes. Solid lines are pseudo-first-order fittings of the data.
Dashed lines connect successive data points.
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Fig. 2. Consumption of persulfate in the combined processes.
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Table 1. Persulfate consumption, phenol removal, and stoichiometric efficiency of the combined systems

4h 8h
PS/NZVI Electrochemical/PS Electrochemical/PS/NZVI PS/NZVI Electrochemical/PS
PS consumption (mM) 3.8 6.1 6.6 3.8 7.8
Phenol removal (mM) 0.71 0.78 1.5 0.78 1.5
Stoichiometric efficiency 0.19 0.13 0.23 0.20 0.19
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= vehgar 718k ety g0l 0.130=2 7t BFSINA - Fes
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Fig. 3. Dissolved iron concentration in NZVI-containing processes.
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Fig. 4. Formation of degradation byproducts during phenol oxidation. Peaks representing hydroquinone ( @) and 1,4-benzoquinone ( A)
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