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Decomposition Method of Persistent Organic Pollutants
using Ca-based Hydrodechlorination

Yumi KATAYAMA' and Yoshiharu MITOMA"

ABSTRACT
In recent years, treatment technologies of persistent organic pollutants (POPs) tended to turn from the

classical chemical decomposition methods to environmentally-friendly milder conditions, which is known

as Green Chemistry techniques. We developed a Ca-based hydrodechlorination method which used

metallic calcium, alcohol, and catalyst. This treatment of PCBs or dioxins proceeded in over 99% under

mild conditions such as room temperature and 0.15 MPa. As clarification of reaction mechanism,

hydrodechlorination of chlorinated anisoles proceeded under extremely low pressure (0.02 MPa) using a

—OH hydrogen of alcohol. In similar conditions of pressure and temperature, catalytic reduction with

molecular hydrogen occurred in only 2.2% conversion. It indicated that this method had a specific path

different from a conventional catalytic reduction.
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Table 1 TEF of dioxins and PCBs
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Compound WHO 2005 TEF Compound WHO 2005 TEF
Chlorinated dibenzo-p-dioxins Non-ortho-substituted PCBs
2,3,7,8TCDD 1 33’44 -tetraCB (PCB77) 0.0001
1,2,37,8-PeCDD 1 3,44 5-tetraCB (PCB81) 0.0003
1,2,3/4,7,8-HXCDD 0.1 3,3°44°,5-pentaCB (PCB126) 0.1
1,2,36,7,8-HXCDD 0.1 3,3°44°,5,5-hexaCB (PCB169) 0.03
1,2,3,7,8,9-HXCDD 0.1 Mono-ortho-substituted PCBs
1,2,34,6,7,8-HpCDD 0.01 23,344 pentaCB (PCB105) 0.00003
OCDD 0.0003 23,44 5-pentaCB (PCB 114) 0.00003
Chlorinated dibenzofurans 2,3’ 44 5-pentaCB (PCB 118) 0.00003
2,3,7,8-TCDF 0.1 2’344 5pentaCB (PCB 123) 0.00003
1,2,3,7,8-PeCDF 0.03 23,344 ,5-hexaCB (PCB 156) 0.00003
2,34,7,8-PeCDF 03 23,344 ,5-hexaCB (PCB 157) 0.00003
1,2,3/4,7,8-HXCDF 0.1 2,3°4.45,5-hexaCB (PCB 167) 0.00003
1,2,3,6,7,8-HXCDF 0.1 23,344 ,5,5-heptaCB (PCB 189) 0.00003
1,2,37,89-HXCDF 0.1
2,34,6,7,8-HxCDF 0.1
1,2,34,6,7,8-HpCDF 0.01
1,2,34,7,89-HpCDF 0.01
OCDF 0.0003
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Scheme 1 Hydrodechlorination of dioxins and PCBs by metallic Ca method
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Fig. 1 Model of fly ash
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Scheme 2 Dechlorination of 2-chloroanisole by metallic Ca-catalyst method

Table 2 Dechlorination of 2-chloroanisole using D-labeled methanol?

Recovery Products (%)
Entry Solvent
(%) 1 2 3
1 MeOH-d, - - 88.9 111
2 MeOH-d, - 88.6 - 10.4

a1 mmol of 2-chloroanisole, 4 mmol of Ca, 0.1 g of Pd/C, and 5 mL of methanol were
mixed in a sealed tube for 2 h.

Table 3 Effect of combination of reagents on dechlorination efficiency

Entry Ca Pd/C Re((:%ery 2Products (%)3
18 + + 3.8+0.2 93.1+£0.6 3.0£0.4
2 - + 100.0 N.D. N.D.
3 + - 92.9+0.7 7.1+0.8 N.D.

a1 mmol of 2-chloroanisole, 2 mmol of Ca, 0.1 g of Pd/C, and 5 mL of methanol were
mixed in a sealed tube for 2 h. ® 1 mmol of 2-chloroanisole, 0.1 g of Rh/C, and 5 mL of
methanol were mixed in a sealed tube for 2 h. ¢ 1 mmol of 2-chloroanisole, 4 mmol of
Ca, and 5 mL of methanol were mixed in a sealed tube for 4h. 9 N.D.=not detected.

Table 4 Hydrogen pressure (Ca-catalyst method and catalytic method)

Hydrogen Products (%)
Recovery
Method pressure
(%) 2 3
(MPa)

. 0.011-0.021 3.84£0.7 92.9+15 3.3+0.9
Ca-catalyst

0.036-0.037 3.8+0.2 93.1+06 3.0+0.4

Catalyst-H, gas® 0.028-0.033 97.8 2.2

@ Conditions; Substrate: 2-Chloroanisole (1 mmol), Pd/C (0.1 g), Ca (1.5 mmol), Methanol

(5 ml), 60 °C, 2 h.  Conditions; Substrate: 2-Chloroanisole (2.1 mmol), Pd/C (0.21 g),
Methanol (10.5 ml), 60 °C, 2 h.
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