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Fig.1  Influence of Al

3+

 addition on macromorphology (a) and 

surface roughness (b) of electrodes 
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Fig.2  Surface morphologies of different electrodes: (a) PbO
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Ë�D́ ¡¢d�� 2 mmol/L®�25.4°́ 110µ- 32.0°
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Fig.3  XRD patterns of different electrodes 
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Fig.4  Linear polarization curves of different electrodes 
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Fig.5  EIS plots of different electrodes and their equivalent 

circuit 

 

�áTÏE�Þ��ë<�Nyquist©Æ�G>�Çu

FTÏ��ßùî�Áu�6�7��u5¨:�n
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2

TÏ�¸�2��

�à&upz�¿�5¨:<Û�=!��2���

��{Z�à&E���H-a!Ò��u����

�����Jw.��u><?�<¸¹���¯K

��./#$áM���qr7¯Æ 5 Qu5¨:;

¬A:�bCáV��d�j£¤�u PbO

2
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Ú�u�����7Ç' ZsimpWin@AB����0

u�Ì�Id�_3B�a 17¯h&uId"ZA:
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2

��u�2à&�§ R
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2
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2
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ct

- R
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Table 1  EIS fitting parameters of different electrodes 

Electrode R

s

/Ω·cm

2

 

R

ct

/Ω·cm

2

 Q

dl

/F·cm

-2

 n

1

 R

f

/Ω·cm

2

 Q

f

/F·cm

-2

 n

2

 

PbO

2

 4.38 21.54 0.00052 0.77 21.76 0.0013 0.73 

1 mmol/L Al-PbO

2

 3.85 18.07 0.00067 0.78 16.34 0.0021 0.75 

2 mmol/L Al-PbO

2

 3.25 15.84 0.00076 0.76 12.58 0.0036 1.000 

3 mmol/L Al-PbO

2

 2.68 12.55 0.00084 0.79 7.69 0.0054 1.000 

4 mmol/L Al-PbO

2

 2.94 13.67 0.00080 0.78 9.72 0.0049 0.86 
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Fig.6  Degradation test results and kinetic analysis of simulated phenol wastewater using different electrodes: 

(a) phenol removal rates and kinetic analysis and (b) COD removal rates 
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Table 2  Kinetics parameters of different electrodes 

for phenol electrochemical degradation 

Electrode K/min

-1

 R

2

 

PbO

2

 0.01135 0.9987 

1 mmol/L Al-PbO

2

 0.01182 0.9986 

2 mmol/L Al-PbO

2

 0.01261 0.9993 

3 mmol/L Al-PbO

2

 0.01516 0.9952 

4 mmol/L Al-PbO

2

 0.01397 0.9907 
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Fig.7  Cell voltage variation curves of different electrodes in 

accelerated life test 
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Abstract: Al-doped Ti/PbO

2

 electrodes were prepared by anodic deposition from solution containing Al (III) cation. Influence of 

Al-doping on the physicochemical properties of modified PbO

2

 coating electrodes was characterized by surface roughometer, scanning 

electron microscope (SEM), X-ray diffraction (XRD), linear polarization and electrochemical impedance spectroscopy (EIS) techniques, 

and accelerated life test. The electrocatalytic oxidation degradation behavior of Al-doping PbO

2 

electrodes for phenol simulation 

wastewater was compared. The results show that PbO

2 

coatings with smaller grain size, uniform and dense surface, lower surface roughness 

and less nodulation defect are obtained when a certain amount of Al

3+

 is added into the electrodeposition solution. Al-doping results in the 

increase of oxygen evolution potential, improvement of charge transfer capacity and enhancement of electrocatalytic performance for PbO

2

 

electrodes. Nevertheless, these properties do not uniformly vary with increase of Al

3+ 

addition amount. When deposited for 3 h in the bath 

solution containing 3 mmol/L Al

3+

, the prepared electrode has maximum oxygen evolution potential 2.09 V, excellent electrical 

conductivity, the best electrocatalytic property and the longest accelerated life of 460 h. The Al-doped Ti/PbO

2

 electrodes show excellent 

electrochemical oxidation degradation capacity for phenol simulated wastewater. After treatment for 180 min the removal rate of phenol is 

up to 94%, and the maximum removal rate of COD can reach 73.6%. 

Key words: aluminum doping; PbO

2

 electrodes; electrochemical oxidation; phenol degradation 
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