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Electrocatalytic Reductive Dechlorination of 2,4,5-PCB in Aqueous
Solution by Palladium-modified Titanium Mesh as Cathode

YANG, Bo YU, Gang’ HUANG, Jun

(Department of Environmental Science and Engineering, Tsinghua University, Beijing 100084, P. R. China)
Abstract Electrocatalytic reductive dechlorination of 2,4,5-PCB (PCB : polychlorinated biphenyls) in aqueous
solution containing methanol and hexadecyltrimethyl ammonium bromide (CTAB) was studied in a Teflon-made two-
compartment flow-through cell with a palladium-loaded permeable titanium mini mesh cathode and a platinum foil
anode. The experiments were carried out to explore the effects of palladium loading, electrode structure, applied
cathode potential and catholyte flow rate on dechlorination. The results indicated that the optimal conditions were 3 mg
Pd loading /cm? geometric area, three-layer cathode and —1.10 V (vs SCE) controlled potential. After 9 h electrocatalytic
reduction under the optimal conditions, the dechlorination rate of 2,4,5-PCB reached 96.2%, but the conversion rate to
biphenyl was 89.6%. The current efficiency changed between 11.3% and 33.0% during the electrocatalytic reduction.
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Fig.1 Schematic diagram of an electrochemical
cell in the batch recycle mode
1) electrochemical work station, 2) anode compartment,
3) cathode compartment, 4) capillary to reference electrode,
5) SCE, 6) cation-exchange membrance(Nafion 324),
7) pump, 8) anolyte, 9) catholyte, 10) thermostatic bath
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Fig.2 Efficiency of 2,4,5-PCB(PCB-29) dechlorination
vs palladium loading
cathode : three-layer palladium-loaded titanium mini mesh
(99.7%, wire diameter 0.17 mm, 40 mesh size, 6.7 cm?);
anode: Pt foil; catholyte (25 mL):2,4,5-PCB 100 mg-L™,
CTAB 0.5 mol-L™, MeOH 40% (V/V); anolyte: H,SO,
solution (pH=1); controlled cathode potential : —1.0 V vs
SCE (45 mA applied); catholyte flow rate:30 cm®-min™;
temperature : (20.0£0.5) “C; electrolysis time:5 h
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Fig.3 SEM images of palladium-loaded Ti mini mesh with 3 mg-cm™ (a) and 4 mg-cm™ (b) of Pd
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Fig.4 Effect of cathode structure on efficiency of
2,4,5-PCB dechlorination from single-layer
to five-layer cathode

Conditions are the same as in Fig.2.
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Fig.5 Effect of controlled cathode potential on
2,4,5-PCB dechlorination and biphenyl
production
VIV (vs SCE): (1) -0.90, (2) —1.20, (3) —1.00, (4) —-1.10,
(5) —1.10, (6) —1.00, (7) —1.20, (8) —0.90;

Other conditions are the same as in Fig.2.
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Fig.6 Effect of catholyte flow rate on 2,4,5-PCB
dechlorination and biphenyl production
controlled cathode potential: —1.10 V (vs SCE);
flow rate (mL-min™): (1) 10, (2) 30, (3) 50, (4) 100,
(5) 10, (6) 30, (7) 50, (8) 100;

Other conditions are the same as in Fig.2.
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Fig.7 Reactant and product concentration during
electrolysis
controlled cathode potential : —1.10 V (vs SCE), cathode :
Pd/Ti mini mesh cathode (3 mg Pd-cm™); Other conditions

are the same as in Fig.2.
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Fig.8 Changes in current efficiency during

electrolysis

The conditions are the same as in Fig.7.
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