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Abstract:

A novel 3-PbO, anode modified with fluorine resin was developed for typical pollutant elec-

trocatalytic degradation and wastewater treatment. Various operating parameters such as applied voltage
(3.5-10.5 V), pH (2-6), salinity of the electrolyte (0.5 -2 g/L K,S0,) and initial phenol con-
centration (100 — 400 mg/L) were investigated to explore the electrocatalytic ability of the anode by

taking phenol as sample. A preliminary study on dyeing wastewater treatment by this method indicated
that the biodegradability could be increased to suit subsequent biological treatment. The stability of the
anode has been proved to be high against acidity. The anode showed promising application for treatment

of wastewater, especially of high salinity and high acidity wastewater.
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INTRODUCTION

The treatment of biorefractory wastewa-
ter such as dyeing and phenols wastewater is
of considerable importance in environmental
protection. Many of these industrial wastew-
aters are well known to be characterized by
high salinity, high acidity, high COD (chem-
ical oxygen demand ) and low biodegrad-
ability; which means that the effluent cannot
be treated by conventional biological process

1997). Therefore, it would

be of practical interest to look for more effec-

(Liakou et al.

tive processes to treat such wastewater.
Electrochemical method for treating such
kinds of wastewater has recently attracted a
great deal of attention (Hsiao et al.>» 1993;
Comninellis et al.> 1994; Awad et al.,
1999), mainly because of its easy applicability
to automation, high efficiency, and environ-
mental compatibility ( Rajeshwar et al., 1994 ).
The treatment efficiency of the
strongly dependent on the anode.
searchers (Sharifian et al., 1986;

process 1is
Some re-
Gattrell et

Electrocatalysis, Anodic oxidation, Phenol, Dyeing wastewater treatment

TQ150.9, 0646.5, X783

al.> 1990; Tahar et al., 1998) studied the
degradation of phenol on various kinds of elec-
trodes such as PbO, and glassy carbon elec-
trodes. However, the problem of electrode
fouling that decreased the efficiency of the
process (Soriaga et al.» 1983), was encoun-
tered. One solution was to treat the contami-
nants in high acidic medium ( Comninellis et
1991; Gattrell et al.>» 1996), so elec-

trode with good catalytic characteristics and

al.,

good resistance to high acidity would be ideal
for this purpose.

The common (3-PbO, electrode is widely
used in the electrochemical industry because
of its good conductivity, perfect chemical sta-
bility and favorable reaction activity; but has
disadvantages of corrosion, brittleness and
flake-off. To overcome these problems, a
novel modified 3-PbO, electrode co-deposited
with fluorine resin, which was cheaper and
had electrode activity similar to that of plat-
inum, and long lifetime even in highly acidic
media, was adopted in our experiment. This
study was aimed to explore the electro-
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catalytic characteristics of the novel anode and
the feasibility of the anodic oxidation method
for treatment of dyeing process wastewater by
using phenol as the sample. Operating param-
eters such as pH, applied voltage and initial
phenol concentration were investigated to find
the optimum conditions for oxidation.

METHODS

Apparatus

Figs.1 and 2 are the schematics of the ex-
perimental setup. The anode of 3-PbO, and
the cathode of Ni-Cr-Ti alloy grid (20 mesh)

were concentrically assembled into the undi-

Fig.1 The electrocatalysis reactor
1. outlet; 2. modified 3-PbO, anode; 3.

steel net cathode; 4. fastener; 5. graphite foil; 6. ce-

stainless

ramic; 7. positive connection; 8. negative connec-

tion; 9.inlet; 10.polyethylene cylinder

Analysis

The COD (chemical oxygen demand) and
BODs(biochemical oxygen demand) were de-
termined according to the Standard Methods
for Examination of Water and Wastewater

CAPHA, 1995).

RESULT AND DISCUSSION

Electrocatalytic ability of the anode

Operating parameters such as salinity of
the electrolyte, pH, initial concentration of
phenol and applied voltage on phenol degrada-

vided electrolytic reactor with final volume of
about 0.33 dm’. The anode used here was a
modified 3-PbO, electrode (g 45 x 200 mm),
which was co-deposited with fluorine resin on
a cylindrical ceramic tube. The details of the
anode preparation are given in Wu et al.
(2001).
pumped through the reactor and then re-
The
reservoir was placed in a water bath to regu-
late the reaction temperature desired. Con-
stant current was maintained at the desired

The solution of wastewater was

turned to the reservoir for recycling.

level with only minor adjustments of the ap-
plied voltage. During each run, samples were
taken from the sampling port in the reservoir
for analysis at appropriate intervals.

-

/Zb

Fig.2 Flowchart schematic
. electrocatalysis reactors B. circulation pump;
. water batch; D. reservoir; E. magnetic stirrer;
. sampling port; G. gas outlet; H. thermometer;

— =

power supply

tion were considered in this study on the elec-
trolytic ability of the 3-PbO, using phenol in
water as model wastewater.

Effect of K,SO, concentration

Among many kinds of salts in wastewa-
There-
fore K,S0O4 was selected as supporting elec-

ter, sulfate is the most common one.

trolyte in our experiment. The influence of
K,S0O, concentration on COD
shown in Fig. 3. Under these conditions,
COD could be removed to lower than 50
mg/ L. in no more than 60 min. Among all the

removal is

K,S0, concentrations investigated, the higher
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the faster was COD re-
moved. These may due to the increase of the

the concentration,

solution conductivity as the supporting elec-
trolyte was added. Moreover, lower current
was observed at higher concentration of the
supporting electrolyte, for the same voltage
applied. Therefore the power consumption for
treatment of the wastewater containing phe-
nol could be decreased in case of high salinity.
Furthermore, such a process could be an al-
ternative for the common biological treatment
of high salinity wastewater (salt concentra-
tion > 5000 mg/L) at prohibitory high cost.
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Fig.3 Effects of K,SO, concentration on COD re-
moval

Operating conditions: initial phenol concentration 100

mg/L, applied voltage 10.5 V, circulation rate 1800

ml/min, pH 6; temperature 25 °C

Effect of the initial concentration of phenol

Different initial phenol concentrations
(100 mg/L, 200 mg/L, and 400 mg/L)
were employed to examine how the initial
phenol concentration affected the COD re-
moval. As shown in Fig.5, low initial phenol
concentration resulted in higher COD removal
COD removal
for the phenol at 100 mg/L initial concentra-
tion dropped from about 238 mg/L down to
around 40 mg/L, i.e., about 83% of COD
were removed, while for 400 mg/L, it was
only 56% . Such a decrease in the COD re-
moval rate was apparently attributable to an
increase in the oxidation load at high initial

rate. After 60 min treatment,

Effect of initial pH

The pH of the wastewater often plays an
important role in wastewater treatment.
Fig.4 shows the effects of initial pH of the so-
lution on COD removal. Faster COD removal
rate was achieved at the relatively higher
acidity quite common for phenolic wastewa-
ter. So the treatment will be more cost-effec-
tive at pH 2 rather than pH 6. Therefore, the
method developed has met the requirements
for treatment of high acidity wastewater and
shows promising application even without pH
adjustment.

D 10 20 P 40 50
Time {min}

Fig.4 Effects of pH on COD removal
Operating conditions: initial phenol concentration 100
mg/L, applied voltage 7.0 V3 circulation rate 1800
mL/min, temperature 25°C; K,S0,2 g/L

the total
COD removal was favored at higher initial
phenol concentration, in view of which, the
oxidation process would be much more effec-
tive for the treatment of higher concentration
pollutants.

phenol concentration. However,

Effect of applied voltage

Fig.6 shows that the applied voltage sig-
nificantly affects COD removal. Faster phenol
degradation was observed at higher current
density. It can be explained that, at higher
voltage, more electrons are transferred to the
anode, thus promoting the degradation of

phenol.



Wastewater treatment using a novel beta-lead dioxide anode 197
1000 250
200 n [ ({0mg/L 200
s 200 mg /L
= 2 400 mg /L = 150
5,600 2 150
: £
g [=]
8 400 o 1001
© o
200 50 1
’ ' ° ' ) ; 0 S0
0 20 40 60 80 100 0 10 0 30 40
Time (min) Time (min)

Fig.5 Effects of initial phenol concentration
on COD removal

Operating conditions: voltage 7.0 V, circulation rate
1800 ml/min, temperature 25°C, pH = 6, K,SO,
2 o/L

Stability of the anode

The anode developed showed good electro-
catalytic activity, especially at high acidity
and high salinity. The apparatus assembled in
our laboratory has been used for more than
600 hours and no evident declination in the
catalytic character was observed. To evaluate
the lifetime of the electrode in high acidic me-
dia> the mass loss of the electrodes were mea-

Fig.6 Effects of applied voltage on COD removal
Operating conditions: initial phenol concentration 100
mg/L> circulation rate 1800 ml/min,

25°C, pH=6, K,S0,2¢/L

temperature

sured at current density 1.20 A/cm? in the
medium of 9 mol/L H,SO, at 90°C . Data on
the two kinds of electrode are listed in Table
1, showing that the modified electrode has
better resistance against acidity than the un-
modified one and that the rate of mass loss
was 0.58% per day at the conditions men-
tioned above. Therefore this kind of electrode
showed promising application in acidic medium.

Table 1 Comparison of mass loss in two kinds of electrodes

Day 0 1 2 3 4

5 6 7 8 9 10

1 47.883 47.882 47.876 47.870 47.864 47.850 47.830 47.793 47.755 47.724 47.603
2 50.769 49.135 47.348 43.857 38.634 32.147 - - - - -

1. the modified 3-PbO, electrodes

Applicability

The anode had showed good electro-
catalytic characteristics for typical pollutant
degradation and also perfect stability against
high acidity; so we employed such an anodic
oxidation method for actual dyeing wastewa-
ter treatment to examine the applicability of
the anode. Dyeing wastewater is one of the
major biorefractory industrial wastes. It is far
from being satisfactorily treated with conven-
tional methods such as biological oxidation,
adsorption or coagulation because of its high
acidity and salinity. The anodic oxidation
method developed here gives good perfor-
mance under such conditions without addi-

2. unmodified 3-PbO, electrode.

tional pretreatment process. Dyeing wastewa-
ter is obtained from a Chinese corporation.
The characteristics of the wastewater are list-

ed in Table 2.

Table 2 Dyeing wastewater parameters

Parameters Values
pH 2.3
COD (mg/L) 8500
BOD;(mg/L) 1870
BODs/COD 0.22
Salinity Cg/L) 10.2

As shown in Fig. 7, COD dropped from
8500 mg/L to about 2600 mg/L within 2
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hours treatment applying voltage at 4.2 V.
The COD removal rate decreased with time,
and no further treatment was necessary, thus
limiting operation costs. It was found that

BOD;s; was around 980 mg/L after 2-hours
treatment » i.e., the biodegradability BODs/
COD had reached to about 0. 38, indicating
that the effluent had been improved to be
suitable for subsequent biological treatment.
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Fig.7 Dyeing wastewater treatment by anodic oxi-

dation
Operating conditions: voltage 4.2 V, circulated rate
1800 ml/min, temperature 25°C, pH=2.34

The anode modified with fluorine resin
showed good electrocatalytic ability for the
degradation of wastewater of high salinity and
high acidity. Both phenol and dyeing wastew-
indicated that the method
would be more cost-effective if anodic oxida-

ater treatment

tion is used for pretreatment, followed by bio-
logical treatment.

CONCLUSIONS

The B-PbO, anode modified with fluorine
resin has high stability and strong electro-
catalytic ability, indicating promising applica-

tion for wastewater treatment. For phenol at
100 mg/L, COD can be completely removed
within 60 minutes under voltage 7.0 V with
the addition of 2. 0 g/L K,SO4 at pH 2.
Moreovers the electrocatalytic method will be
cost-effective to serve as the wastewater pre-
treatment to improve its biodegradability .
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