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ABSTRACT

A persulfate(PS)/sulfidated microscale zero-valent iron(S-mZVI) system was tested for treating a soil contaminated with
phenol. Sulfidation of bare mZVI was conducted using a mechanochemical process utilizing a ball mill in order to
improve persulfate activation capacity and stability of unmodified mZVI. The synthesized S-mZVI performed markedly
better than the bare mZVI in activating PS. The optimum molar ratio of sulfur to mZVI was around 0.12. In the soil slurry
experiments, a very rapid and complete removal of phenol was observed at the optimum molar ratios of PS to S-mZVI of
2:1 and PS to phenol of 16:1. The phenol removal efficiencies decreased as the water content of the slurries decreased.
This was believed to be due to increased soil oxidant demand as the amount of soil was increased as relative to the water
content. To evaluate the field applicability of the process, slurry experiments adopting high soil contents were carried out
that simulated in-situ soil mixing conditions. These experiments resulted in substantially compromised degradation
efficiencies of 54.3% and 43.8% within 4 hours. The current study generally shows that the PS/S-mZVI process has a
potential to be developed into a remediation technology for soils contaminated with organics.
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Table 1. Properties of site soil from Pusan
Property Sandy loam
. o Clay 17.76
Size dé(s’/tor)lbutlon Silt 16
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pH 8.3
CEC (cmol/kg) 6.54
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Cr 5.8
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#H&L2 HPLC(High Performance Liquid Chromato-
graph, Ultimate 3000, Shidmadzu)ll FZd UVEZE7]
(SPD-20A, Shimadzu)2} C18 Z (4.6 um x 250 mm,
Poroshell 120, AgilentyS AFg-3}ed B934Tt HPLC
2ol ALH o5 20% RS 0.5%2] oPA|EAT
o1 R 0.15 mL/minZ 3THKIm et al., 2018).
e} ol Fre BRPEHS o83l =439k
12mM Na,$,05 T-8H-E T3l A71A] FE2 34
sl =29 3 ARdS skl Akt HEAk
o] WS 98] 2 =BFHE(KI, 99.5%, JUNSEI Che-
mical, Japan)2 ©]€3I9 TE EZ¥] WS U]
A8l ERAEEAUE R (NaHCO;, 99%, JUNSEI Chemical,
Japan)S AFE-3}9TE NaHCO; 1 g2 KI 20 g& 200 mL
o] oo Yol vhE 89 10mLel 250 uLe] A8
5 FYste] 2087 vReAIZTE A & UV/Vis 245
A (Optizen 3220UV, Mecasys)= ©]-83}] 400 nm 3}
oA SA8ITHKIm et al., 2018).
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Fig. 1. Effect of various [S]/[Fe] ratios of sulfidated zero-valent
iron (S-mZVl,,) on (a) phenol removal efficiency, (b) persulfate
consumption rate, and (c) pseudo-first order rate constants for
phenol (kgpspron) and persulfate (Kopsps). [PSlo=12 mM, [S-
mZVIm]o=6 mM, [PhOH],= 3 mM.
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Fig. 3. Phenol degradation according to different mass ratios of soild and liquid (S:L ratio) of the slurries. (a) phenol removal efficiency at
1:5 S:L ratio, (b) persulfate consumption rate at 1:2 S:L ratio, (c) phenol removal efficiency at 1:5 ratio, (d) persulfate consumption rate at
1:2 ratio, (e) pseudo-first order rate constant for phenol (Kespromn), and (f) pseudo-first order rate constant for persulfate (Kqpsps).
[PS]o=12~48 mM, [S-mZVIy,]o= 12~24 mM, [PhOH],=2.91 g/kg, [S]/[Fe] =0.12.
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Fig. 4. Phenol degradation at two different simulated in-situ soil mixing conditions. (a) Four-blade propeller used to simulate in-situ auger
mixing (b) Sporadic end-over-end mixing executed to simulate bucket mixing.

Table 2. Phenol and persulfate degradation efficiencies and rates in various conditions
S:L Kobs PhoH R? bkohs.PS R? Removal
Exp. [PS[S-mZVIpn[PROH]  [SVFel 0 (hr'") (PhOH) (hr'") (PS)  Efficiency (%)
1 0(mZVI) 0.229 0.757 0.094 0.783 30.7
2 0.03 1.685 0.954 1.782 0.821 59.8
3 4/2/1 0.12 - 2.549 0.924 1.451 0.939 83.2
4 0.24 0.549 0.933 1.312 0.934 95.1
5 0.36 0.778 0.981 0.656 0.978 98.1
6 4/4/1 1.088 0.819 10.444 0.887 374
7 8/4/1 012 1110 3.321 0.849 2.543 0.836 85.5
8 8/8/1 ' ' 1.588 0.766 16.773 0.953 46.6
9 16/8/1 9.381 0.962 3.152 0.851 100
10 4/4/1 0.725 0.798 13.011 0.926 514
11 8/4/1 012 15 2424 0.967 4272 0.815 78.1
12 8/8/1 ' ' 0.842 0.778 22.461 0.989 59.7
13 16/8/1 4.131 0.938 3.433 0.925 96.9
14 4/4/1 0.388 0.945 20.732 0.957 16.7
15 8/4/1 012 12 1.013 0.714 4.171 0.981 56.4
16 8/8/1 ’ ’ 0.719 0.885 35.581 0.998 29.1
17 16/8/1 2.891 0.831 3.012 0.839 92.2
18° 16/8/1 0.12 1:2 0.36 0.987 - - 54.3
19 16/8/1 0.12 10:1 0.188 0.775 - - 43.8

“The phenol oxidation rate constant was obtained by fitting a first-order model to the data until the changes in phenol concentrations were

less than 5% of the initial phenol concentration.

®The persulfate consumption rate constant was obtained by fitting a first-order model to the data until the changes in persulfate con-
centrations were less than 5% of the initial persulfate concentration.
“The phenol oxidation rate constant was obtained by fitting a zero-order kinetic model to the data. The rate constant has a unit of M"'hr".
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