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Reductive dechlorination of chlorophenol by transition-metal
coenzymes and metals
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Abstract

Surface reaction mechanisms are very
important when  chlorinated  organic
compounds are dechlorinated by reducing
In this

potentials of zinc metal and Pourbaix

metals. paper, the corrosion

diagram are applied to understand the

surfice  reaction of  reduction  of
chlorophenols (CPs) by zinc. Dechlorination
of CPs occurs in corrosion phase of zinc
under anaerobic conditions, and decreasing
pH increased the reduction rate obviously.
Pentachlorophenol degradation in  acid
solution quickly occurs in several hours, but
the stepwise dechlorination substantially
become slower.
proclucts are 2,3,4,6-TeCP, 2,3,5,6-TeCP,
2,3,5-TCP, 2,4,6- TCP. From the pseudo-

first-order rate constants for CPs reactions

Thus, the predominant

show the dechlorination rates by zinc are
directly proportional to the degree of
chlcrination. Dechlorination of CPs under
passivation phase of zinc is not observed. It
shows a passivating film of Zn(OH),, which
acts as a kinetic barrier to prevent reductive

dechlorination of CPs.
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Figurc 1. Diagram of the cell used for measuring the
corrosion potential of Zn in a variety of dechlorinated

electrolyte systems.
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Figure 2. Pourbaix diagram for Zn-H,0 system and phase of
Zn metal surface in various clectrolytic systems at the
initiation of reaction (Zn**=10* M, CI'=10* M). System: 10
g of Zn, 200 M PCP, and 35 °C in 0.02 N (W) HCI (®)
CH,COOH (@) KCI (A) NH,CI (%) NaCl (O) NaOH, (+)

0.01 N NaOH (X) without any electrolyte addition.
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Figure 3. Degradation of PCP by Zn in 0.02 N (a) HCI (b)
CH;COOH (c) NH,C! (d) KCl. Initial concentration were

200 4 M PCP. Symbols represent experimental data points:
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Figure 4. Degradation of PCP by Zn in a well-mixed sy<iom
by using ‘nagnetically stirred. Initial concentration werc 200
4M PCEL 0.02 N 1ICt was in the solution. (l) PCP. (#)
2,3,4,6-Te:CP+2,3,5,6-TeCP, (@) 2,3,6-TCP+2.4,6-TCP (A)
total CPs C/C,, ratio of the concentration of the compound

to the initial concentration of PCP (Cy).
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Figure 5. Degradation of PCP by (M) Fe and () Al n .02
N HCL Initial concentration were 200 ¢ M PCP (C,). C C,.
ratio of the concentration of PCP to the initial concentration

of PCP.

Table 1. Corrosion potential of zinc metal and solution pli in
various ¢ lectrolytic systems *

Systems pH Eeon Phase
0.02N HCI 2.42 -0.798 Corrosion
0.02 N CH,COOH 3.24 -0.853 Corrosion
0.02 N MH,CI 5.69 -0.822 Corrosion
0.02 N k.ClI 5.43 -0.820 Corrosion
0.02 N MaCl 6.00 -).841 Corrosion
0 5.25 -0.895 Corrosion
0.01 N MaOH 9.95 -0.895 Passivation
0.02 N MaOll 11.75 -0.912 Passivation

() PCP, (®) 2,3,4,6-TeCP+2,3,5,6-TeCP, (®) 23,6-
TCP+2,4,6-TCP. C/C,, ratip of the concentration of the

compounds to the initial concentration of PCP (C,).

a. These electrolytic solutions (actone:water:ethanol - 1:3:1)

which contain 200 ¢ M PCP.




Table 2. Summary of reductive dechlorination of PCP by zinc powder in various corrosion systems”

Initial concentration % Conversion® Product (% yield)*
(M)

0.02 N HCi 200 100 2.3,4,6-TeCP, 2,3,5,6-TeCP (16)“. 2.3.6-1TCP
(34.8), 2,4,6-TCP (33.8)

0.02 N CH;COOH 200 100 2.3,4,6-TeCP, 2,3,5,6-TeCP (7)*, 2,3.,6-TCP
(40.4), 2,4,6-TCP (27.6)

0.02 N NH,Ci 200 100 2,3,4,6-TeCP, 2,3,5,6-TeCP (33)d, 2,3,6-TCP
(41.6), 2.4,6-TCP (24.2)

0.02 N KCt 200 42 2,3.4,6-TeCP, 2,3,5,6-TeCP (33)*

0.02 N NaCl 200 34 2.3.4,6-TeCP, 2,3,5,6-TeCP (23)"*

0 200 30.6 2,3.4,6-TeCP (3.6), 2,3,5,6-TeCP (4.7)

0.01 N NaOH 200 0 -

0.02 N NaOH 200 0 -

a. The results were determined after a period of 7 days reaction.
b. Based on disappearance of starting material.
¢. Yield calculated as moles percent initial substrate.

d. Analytical method could not resolve 2,3,4,6-TeCP and 2,3,5,6-TeCP. On: or both products were observed.

Table 3. Summary of reductive dechlorination of CPs by zinc powder in 0.02 N HCI

Substrate Initial % Conversion® Product® Pseudo-first-order rate constant
concentration k.h!
(M)
PCP 200 82 2,3,4,6-7¢CP, 2,3,5,6-TeCP, 2,3,6-TCP, 0.1067
2,4,6-TCP
2,3,4,6-TeCP 200 23 2,4,6-TCP 0.0333
2,3,5,6-TeCP 200 24 2,3,6-TCP 0.0258
2,3,5-TCP 200 8 - 0.0103
2,4,5-TCP 200 12 - 0.0087
2,4,6-TCP 200 12 2,4-DCI, 4-CP, 2-CP 0.0085

2. The conversion ratios of CPs were calculated after a period of 23 h, ard no dechlorination was observed for 2,4-DCP. 4-CP
and 2-CP within 23 h reactions.

b. The products of 2,3,5-TCP and 2,4,5-TCP were not identified further.

Table 4. Kinetics of PCP Disappearance®

CPs k (b ky (01
PCP (eq 9) 0.43
TeCP (eq 10) 0.33 0.14
TCP (eq 11) 0.18

a. Experiment performed at 35°C and magnetically stirred using 10 g of zi i




