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Electrochemical Degradation of Indigo Salt by Titanium-Based PbO, Anode

ZHANG Lin, XU Hao, FENG Jiangtao

(Department of Environmental Science and Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: PbO, electrode was adopted as the anode for the electro-catalytic oxidative degradation
of indigo salt. The main purpose was to study the variations of the UV-vis spectrum and the
degradation mechanism of indigo salt on PbO, anode. The influences of different factors on the
degradation and energy consumption were considered. The results indicated that indigo salt was
oxidized by both the direct electron exchange reaction on electrode surface and the hydroxyl
radicals produced on the electrode surface through indirect oxidation mechanism. The increase of
current density could promote indigo salt degradation and chemical oxygen demand (COD)
removal, and also lead to an apparent increase of unit energy consumption. The removal
efficiencies of indigo salt and COD could be reduced through the increase of dye concentration but
the unit energy consumption was decreased accordingly, indicating that the high concentration of
organics is beneficial to the decrease of the unit energy consumption in electro-catalytic reactions.
The temperature rise could not enhance the degradation and removal of organics. However, it
was beneficial to the decrease of unit energy consumption. In the experiments, the indigo salt
degradation efficiency was higher than the COD removal efficiency, and the unit energy
consumption of indigo salt degradation was lower than that of COD removal, indicating that the
organic removal process is easier than that of COD.

Keywords: indigo salt; lead dioxide; electro-catalysis; removal efficiency; energy consumption

. 2015-11-11, : (1992—), H ( )s o
(21507104) o
. 2016-02-25 . http: / www. cnki. net/kems/detail/61. 1069. T. 20160225. 1205. 008. html



5 PbO,
. L2
. Cis HyN, PbO, . Pt .
Na, OsS, , 1 H Ag/AgCl/ KCl , CHI
. 660D \ PbO,
. S 25 °C . Na, SO, 0. 1 mol/L, 50
mV/s, 0.0~25V,
0 , 0. 3 mmol/L,
. . . L3
. , PbO,
. . ( 2 cmX4 cm),
I , 2.0 cm,
[0} H
NaO,S \N , ’
(L~ o
\ S0aNa mol/L Na,SO, :
e . WYK-303B,
o 250 mL,
, , 20 min s
120 min, -
bl UV2600A ’
b7l PbO, COD
, L4
R , COD
PbO, 7~ COD 7cop ( %),
PbO. . ,
: | Ec = é’gj’?]“‘/ (D
. PbO, U (V)1
( R (A) st (min); V
) ( (mL); Ex(kW « h/g) ,C,
.COD . (mg/L)yyp  grs Eccon (kW « h/g)
COD ) ,Co COD (mg/L)snp  qeope
1 2
L1 21
( ) SIGMA-ALDRICH, 2
. ; : 25°C.,
3 0. 3 mmol/L, 0. 02 A/cm?,
EPED-40T , PbO, 2 . 610 nm
, [12-14], , 610 nm

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn



136 50

’ , o 0. 3 mmol/L ,
o 100 mg/L 4
Lar 0 min ° 4 ’ ’
1.2 ,
1.0
# 0.8 ° ’
.:E
0.6 s
0.4 PbO, +H,0 —PbO,( - OH)+H" +e (1)
0.2 R,+ + OH—R,+R; (5)
120 min )
0.0 1 ! R,+ +« OH— —CO,+H,O (6)
400 500 600 700 800
W A/nm R;+ + OH— —CO, +H,0 (1)
2 , PbO,
22
3 PbO, Na, SO, ’ ’
. o 3 ,
.26 V ( D,
PbO,
2: 1L]1j R
s PbO, (<<
2),
s,
3PbO+H,O —Pb,O,+2H" +2¢" (2)
Pb,O,+2H,0 —>PbO, +4H" +4e" (3)
3 ’ | ]
5 0 20 40 60 80 100 120
L 05V C 2, I F/min
PbO, 2.3
5 25 C. 0.3
0.081 mmol/L
07 T 9 . . Sa e
0.06
, 002 A/em? 100% ,
L 005
£ 0.04 ; k
® 003 . 0005 A/em’ 0. 006 81 min "'
0.02 0. 04 A/cm® 0. 137 min ',
0.01 0.02 A/em® 100%
0400 1 1 1 1 1 1 1 .
06 08 10 12 14 16 18 20 3 cop
i ., 0005 A/em’ 9 52% 004 A/cm’
3 PbO,
36. 5%, 5b s Ecg+Eccop
R . 0. 005 A/cm? 0. 013 3
, 0. 083 3 kW « h/g 40 mA/cm?’
. 0.123 0. 333 kW « h/g.

http: / www. jdxb. cn  http: / zkxb. xjtu. edu. cn




5 PbO, 137
110F
4
100 O 7g o o o 10.16 2
9ok © 7cop A —=0.14 6 25 C, 0. 02 A/cem’
80F Ak 10.12 s
70F o Ho.10
¢ 60F=—1D A H0.087 o 6a ) 0. 1 mmol/L
= 50r 10.06 & 0. 3 mmol/L , 99 %
40F -
| A ° 0.04 ; 0. 3 mmol/L
30 o © Jo.02
201 A A Jo.00 , 0.3 mmol/L 99, 4% 0. 5 mmol/L
10 =—0 o ) 0
. ) . . . . 4002 73.9%; k
-10 0 10 20 30 40 50 A
510”3 A o2 , 0.1 mmol/L 0. 043 7 min
() 0. 5 mmol/L 0. 007 23 min ' ; cop
s 0. 1 mmol/L
0.35 0 0
Lol mmEe % 48 9% 0. 5 mmol/L 15. 5%, 6b
' Eccop 7- ’ ECR E(‘c( D ’
- 0.25
» L 0. 1 mmol/L 0.137 0. 278 kW « h/g
= 0.20
4 - 0. 5 mmol/L 0.0379 0.151 kW « h/g,
EE 0.15 110r
= 0.10| -0 o u] 70.05
0.00 [m}
5 10 20 30 40 70f
FL % /103 A em 2 S n 10037
(b) N 50f«— O . E
] - 40.02
o)
an @]
3or o] 172013 @] o -— 0.01
. Ak o
10 1 1 1 1 1 0.00
0.0 0.1 0.2 0.3 0.4 0.5 0.6
’ ° %2 35 4k ¥ ¥ /mmol - L'
’ (a)
) ,
. M Ecg
(5)~(7) COD VA Eccop
’ oa ° ’ 9
, U ( 0 005 A/cm?
35V 0. 04 A/em? 6.7V),
0.2 0.3 0.4 0.5
’ #9545 YKk BE/mmol - L1
. Ob ’ (b)
PbO, ( - OH)——>PbO, +%()2 AH" +e (8) 6
5 s R Ncob » Ecx ,
Eccops 004 A/cem?® s R 100% . s o
7cop 36. 5% 9E(TR 0. 123 kW - h/g’ E(‘,(‘()I) : ’
O. 333 kW'h/gg 1) (5) ) D) (4)
( ) (6).(7) ,
COD ( o ,
) o

http: / www. jdxb. cn  http: / zkxb. xjtu. edu. cn




138

COD )
(8 , o
COD
° 6 s R Tcop » ECR
Eccon s COD
25
7 0. 02 A/cm?
0. 3 mmol/L
o 7a )
5°C~35°C SR .
99% H » cop
25. 9% (5°C) .28 1% (15°C).26. 2% (25 C)
25 2%(35°C)., . 7b
s Ecr 0. 050 2(5°C),0. 048 4(15°C),
0. 047 1(25°C) 0. 0411 kW « h/g(35C), Ex
;s Eccop
0. 192(5°C).,0. 171(15°C).,0. 176(25C) 0. 162
kW « h/g(35°C), .
. COD
: , (5)~(T)
COD s (8)
; 15°C ,
COD ,

http: / www. jdxb. cn

50
, COD o
1201 [
EZ21 cop
100} 7
80F
£ 6o
=
40
20F
7 7
0 7
5 15 25
5/
(a)
0.201 7 -
L2221 11 cop
0.16f 7 7
TCD
= 0.12r
B
=
% 0.08F / %
uil 11l
0.00 /
5 15 25 35
wEC
(b)
7
( 1 ) ) E( U 7] Py
Ecx, 7R ’ o
; U
( 5%C 55V 35°C 45V),
Ecx ’
Tcop U Eccon °
3

http: // zkxb. xjtu. edu. cn

b b




P PbO,

139

(1]

(2]

[3]

(4]

(5]

(6]

7]

[8]

(9]

o ’

COD Ecr Eccon s
COD o

(1] . 2013, 21(4); 13-18.
YAOQO Jiming, WU Yuanming. Progress in production
and application of indigo blue [J]. Fine and Specialty
Chemicals, 2013, 21(4). 13-18.
( ) 1.
, 2015, 37(9): 34-39.
CHEN Rongqi. The development of vat dyes in 100
years (to be continued) [J]. Textile Dyeing and Fin-
ishing Journal, 2015, 37(9): 34-39.
(JJ , 2013, 7(1); 268-272
YANG Lin, SONG Xin, WANG Yujun, et al. Pre-
treatment of indigo jean dyeing wastewater by iron-car-
bon micro-electrolysis process [ J]. Chinese Journal of
Environmental Engineering, 2013, 7(1): 268-272.
CHAPLIN B P. Critical review of electrochemical ad-
vanced oxidation processes for water treatment applica-
tions [J]. Environmental Science: Processes &. Im-
pacts, 2014, 16(6): 1182-1203.
KHANDEGAR V, SAROHA A K, Electrocoagula-
tion for the treatment of textile industry effluent: a re-
view [ J].
2013, 128(10): 949-963.
WU W, HUANG Z H, LIM T T. Recent develop-

Journal of Environmental Management,

ment of mixed metal oxide anodes for electrochemical
oxidation of organic pollutants in water [J]. Applied
Catalysis: A General, 2014, 480(10) . 58-78.
PANIZZA M, CERISOLA G. Direct and mediated
anodic oxidation of organic pollutants [ J]. Chemical
Reviews, 2009, 109(12). 6541-6569.

SOUZA F L, AQUINO J M, IRIKURA K, et al.
Electrochemical degradation of the dimethyl phthalate
ester on a fluoride-doped Ti/beta-PbO, anode [J].
Chemosphere, 2014, 109(8): 187-194.
SHMYCHKOVA O, LUKYANENKO T, YAKUBEN-

KO A, et al. Electrooxidation of some phenolic com-

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn

pounds at Bi-doped PbO, [J]. Applied Catalysis: B
Environmental, 2015, 162(1). 346-351.

[10] DE FIGUEREDO-SOBRINHO F D A A, DE SOUZA
LUCAS F W, FILL T P, et al. Insights into electro-
degradation mechanism of tebuconazole pesticide on Bi-
doped PbO, electrodes [J].
2015, 154(2) . 278-286.

[11] , ) s

[yl , 2013, 32(6): 1307

Electrochimica Acta,

1312.
XU Hao, ZHANG Qian, SHAO Dan, et al. Advances
in the preparation and modification of titanium-based
PbO, electrodes [J]. Chemical Industry and Engineer-
ing Progress, 2013, 32(6). 1307-1312.
[12] , , ,

[J]. , 2015, 49(7). 83-
88.
XU Hao, GUO Wuqi,

Effects of ultrasonic field on characteristics of lead di-

WANG Xiaoxuan, et al.

oxide electrodes [ J]. Journal of Xi’an Jiaotong Uni-
versity, 2015, 49(7). 83-88.

[13] XU Hao, YUAN Q S, SHAO Dan, et al. Fabrication
and characterization of PbQO, electrode modified with
[Fe(CN)g I~ and its application on electrochemical
degradation of alkali lignin [J]. Journal of Hazardous
Materials. 2015, 286(4) . 509-516.

[14] XU Hao, LI Jingjing, YAN Wei, et al. Preparation
and characterization of titanium based PbO, electrodes
doped with some common elements [ J]. Rare Metal

Materials and Engineering, 2013, 42(5): 885-890.

[ ]
2015,49(7) :82-87. [doi: 10. 7652/ xjtuxb201507014 ]
s , . 48
.2015,49(4) :110-115. [doi: 10. 7652/ xjtuxb201504
018]

. 2014,48(10) : 90-95. [doi: 10.
7652/xtuxb201410014 ]
) , , . Ti/Sb—Sn0O,
.2014,48(2):93-98. [doi: 10. 7652/ xjtuxb201402016 ]

( )




