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Reductive Degradation Kinetics and Pathways of Chlorophenolic Organic Pollutants by
Nickel-Coated Zero Valent iron

Seung-Chul Shin - Young-Hin Kin* - Seok-Oh Ko'

Department of Civil Engineering, Kyunghee University - *Department of Environmental Engineering, Andong National University

ABSTRACT : Reductive dechlorination of chlorophenols by nickel coated iron was investigated to understand the feasibility of using Ni/Fe
for the in situ remediation of contaminated groundwater. Zero Valent Iron(ZVI) was amended with Ni(II) ions to form bimetal(Ni/Fe). De-
chiorination of five chlorophenol compounds and formation of intermediates were examined using Ni/Fe. Rate constant for each reaction
pathway was quantified by the numerical integration of a series of differential rate equation. Experimental results showed that the se-
quence of hydrodechlorination rate constant was in the order of 2-CP > 4-CP >24-DCP >2,4,6-TCP>2,6-DCP. The hydrodechlorination path-
ways for the conversion of each chlorophenol compound involves a full dechlorination to phenol via both concerted and stepwise mecha-
nisms. Reaction pathways and corresponding kinetic rate constants were suggested based on the experiments and numerical simulations.
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Table 1. Physico-chemical properties of chlorophenols.
& Phenol 2-CP 4-CP 24-DCP 2,6-DCP 2,4,6-TCP
State  liquid  liquid solid solid solid solid
MW 9411 12856 12856 163 163 197.45
Formular CsHgO CeHsCIO C4HsClO CeHaCLO CeHiClO CsH3CLO

Fp(°C) 79 64 121 237

bp(°C) 182 62~63 101~102 209~210 218~220 246

Density 1.071 1.241 1.306 1383 - 1.4901
pKa 9.98 8.53 9.43 7.85 6.8 6.15
Kow 1.47 217 2.41 3.23 2.64 3

Purity  99%  99%+ 99% 99% 99% 98%
% Aldrich, MSDS
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Fig. 1. Removal of chlorophenols by zero-valent iron.
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Fig. 2. Removal of various types of chlorophenols.

Table 2. The pseudo-first-order rate constant for chlorophenol
compound by Ni/Fe bimetal particles

Compound kope(hr™) Half-life(hr) R

2,4,6-TCP 0.198 £ 0.006 3.50 0.96
2,6-DCP 0.078 £ 0.006 8.89 0.91
2,4-DCP 0.636+0.18 1.09 0.95
4-MCP 0.816+0.15 0.85 0.96
2-MCP 0.978 + 0.054 0.71 0.99

Table 3. Expected by-products from the degradation of chloro-
phenol compound

Compound Product

2,4-Dichiorophenol, 2,6-Dichlorophenol,
4-Chlorophenol, 2-chlorophenol, phenol,
Cyclohexanone, Cyclohexanol

2,4,6-Trichlorophenol

2-chlorophenol, phenol, Cyclohexanone,

2,6-Dichlorophenol Cyclohexanol

4-Chlorophenol, 2-chlorophenol, phenol,

24-Dichlorophenol Cyclohexanone, Cyclohexanol

4-Chlorophenol phenol, Cyclohexanone, Cyclohexanol

2-Chlorophenol

Phenol Cyclohexanone, Cyclohexanol

phenol, Cyclohexanone, Cyclohexanol

oter A 2 oto| X} 287 53, 20068 59
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Table 4. Reaction rate constants of each reaction pathway
calculated by the numerical model simulation

Reaction pathway Rate constant Value(hr'")
2,4,6-TCP — 24-DCP k) 0.06
2,4,6-TCP — 2,6-DCP k> 0.07

2,4-DCP — 4-MCP ks 0.21
2,4-DCP — 2-MCP ky 0.44
2,6-DCP — 2-MCP ks 0.07

4-MCP — Phenol ks 0.81

2-MCP — Phenol kr 0.98
2,4,6-TCP — 4-MCP ks 0.039
2,4,6-TCP — 2-MCP ko 0.033
2,4,6-TCP — Phenol kg 0.0003

2,4-DCP — Phenol ki 0.06
2,6-DCP — Phenol ki 0.006
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