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ABSTRACT: This paper aims to explore the feasibility of BDD thick film electrode in the treatment of high concentration
organic wastewater. The method used in this paper is to prepare BDD thick film electrodes using DC arc plasma injection
process, characterize their structure and electrochemical properties, and use the BDD thick film as an electrolytic anode for
electrochemical oxidation of high concentration simulated wastewater (glucose solution) and rubber auxiliary wastewater
generated from actual industrial processes. Characterization of the electrodes revealed that the electrochemical window and
oxygen evolution potential of the electrodes in a 0.5 mol/L H,SO, solution were 3.02 V and 2.07 V, respectively. Experiments
on the degradation of glucose solution (as simulative wastewater) and wastewater containing organic additives collected from
rubber industry showed that the electrode has good removal ability for organic materials of the wastewaters. For a high-
concentration glucose solution with an initial COD (chemical oxygen demand) value as high as 18 940 mg/L, 8-hour treatment
decreased its COD value by 91.02%, while for high-concentration organic wastewater collected from rubber industry with an
initial COD value of 18 380 mg/L, 10-hour treatment decreased the COD value of the wastewater by as high as 97.42%. It
comes to the conclusion that the heavily doped BDD thick film electrode prepared by DC arc plasma jet method has wide
electrochemical window and high oxygen evolution potential, which can effectively reduce the COD value of organic solution.
The best working condition of BDD thick film electrode is: under the condition of high organic matter concentration, a higher
current density should be selected to improve the degradation efficiency. For the high COD glucose solution and rubber additive
wastewater in this experiment, the optimal current density is 200 mA. Under the condition of low organic matter concentration,
in order to reduce energy consumption, a lower current density should be selected. For the low COD glucose solution in this
experiment, the optimal current density is 50 mA.

KEY WORDS: thick boron doped diamond film; electrochemical performance; organic wastewater; electrochemical oxidation
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Tab.1 Oxidation and reduction peak current J, as well as potential difference AE, measured by
thick BDD electrode in [Fe(CN)¢]>”* solution at various potential scanning rate

Scan rate/(mV-s ') Jpa/(pA~cm’2) Jpc/(pA~cm’2) JpalJpe AE,/mV £%/(cm-s™)
25 166 162 1.02 78 0.0058
50 221 211 1.05 90 0.0055
75 269 253 1.06 121 0.0034
100 310 291 1.07 132 0.0033
125 335 302 1.11 140 0.0033
150 348 318 1.10 155 0.0032
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Fig.4 COD curves of (a) high and (b) low concentration glucose solutions in degradation processes using thick BDD film as the

oxidation electrode (The curve in the figure is the fitting curve)
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Tab.2 COD change and specific energy consumption of 8-hour degradation process of
glucose solution under different current densities

Current density/(mA-cm2) CODy/(mg-L™")

CODy.5/(mg' L")

COD reduction ratio/% SEC/(kW~h~kg’1)

50 18 940 14 480 23.55 19.36
1770 120 93.22 55.05
100 18 940 9900 47.73 27.69
1770 18 98.98 128.6
200 18 940 1700 91.02 36.04
1770 17 99.04 358.6
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Fig.5 (a) Change in COD and (b) appearance of the rubber industry wastewater with electrolysis time



$50% 3

Wi sE5F . B 2 4 W A VR R v AR i i B T 7K ) R A S 36 T 50 <217 -

J&, VW COD HH WM 18 380 mg/L F % T i
LY 475 mg/L, FEREFRA 97.42%, ThiKFE A€ R
WL T —AeTE (0~1h) FHEMK (1~2h) , ZJ5
WA THE IR TRE (2~10h) Byt e, (R 1k
FW, TEARIE BRI K B R f b B v, mTRE S B T80
PRI o R B K B S 4%, PO & 45
PRI AR R, &AW B R . 2R R
TREAERI= Y o WA E A, I W figid B IHAEA P
(SRR ), BT AR KRR AR 1L,

HE 5 RS H T BDD & B 5 A5 1 Bl
F KIS SEC {58 79.53 kW-h/kg., XfEb3 3 51 H
i) BDD HL i S ff A IR A HLYI RS () SEC{H, AT LR H
ARSI L BDD JRE I AR A AR R B 3R AL 5 K
i) SEC {5 SCHRIRE M EUEM I & . 2R I,
H LY R K B st FE T 75 10 SEC (B AN S T e figk (1)
AR O, i SR B 0 BAR T2 5%
PIHAER,

%3 BDD EiMEEAREEYHH SEC &

Tab.3 SEC values in degrading different organic
wastewaters using BDD electrodes

Degraded substance SEC/(kW-h-kg™)

Distiller's grains in wineries 17826
Ethidium bromide 398127
Phenolic wastewater 571281
Phenol 200~18301*%
Glucose solution 541301
Glucose solution 19.36~358.6
Waste water of rubber additives 79.53
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