H23% 44
2017 4% 8 J

WAL
JOURNAL OF ELECTROCHEMISTRY

Vol. 23 No. 4
Aug. 2017

DOI: 10.13208/j.electrochem.160707
Cite this: J. Electrochem. 2017, 23(4): 480-488

Artical ID:1006-3471(2017)04-0480-09

Http://electrochem.xmu.edu.cn

m E X PbO, IR 2 A KT 2R SN 3

I &,BEE, Tmi, BKR,E &
(T2 AR K, R a TS BE, BPE 754 710055)

FE . R TR PbO, RLUTBUR A A K FEAIRE IR, 7E 25 °C 35 °C 45 °C .55 °C .65 °C {i FH FL Ak 2 T4 o il
T PbO, 76 3 Bk e b B B2 (08 BRAR 22 it 2 . b A el o il 4 R b h e e 2k, O R [ IR R TR Y
PbO, #2347 T SEM Al XRD 4307, 450, 16 R [EIELEE T PbO, ¥4 i T I R A K o 72 I 14 7 85 ok
7R PbO, HL I AR = 4 E 45 SR B, fE AR A1 T 390 Gl o VR L 3, X B R D i R 2 K R I A R A T L
5 8 3 A AT g5 5 8 LA, I 0 0 A3 2 O i PbO, B0 R ST /. FiL T AR 30 3K 0 D A O
DA HE 5 P A K % R TR A0/ PhO, IR . 5 I BT 40 B R 4 L REAE R O P SR 4 SRS L 1E 55

°C 45 E] /) PbO, 8% )2 k18 e /).
*%iﬂ: PbO,; WYL ; TEAZ A K R)E
FE 4 2SS TQI53; 0646

FL b 2 S Ak A A HIL IR 7K A G B A 1 L0 )
1) FEL AR A R 1 4 Ak T 1 R A e R, PbO, FL B AT
JELASAL | P R b P - A sR ) SRk BE T,
BCR 8% Z W5 0 T R A S I 1 B AR A
Rz —B3,

HAEr, 4 PbO, HL A% 32 2R I H T RLE. H
DURR T 225 v 3 % B IR I ) % v, 8
JE 45 X8 e 1l % () PbO, FLARTE AL | & AR 45 4 L K
ABA BRI s e, o B 5K [R] T.2 244 X5 PbO,
2 1 JURE RS A 52 e I SRy G B 0RE RS /N
PbO, HI MY 2 Th B0 e, R Ve R A A G,
b AL, B ARG PELr. PbO, it it =+ £
SEWFFED, WF 98 Bk PoO, H R B9 T H bR 2 —
SR INEURL R IR Z 58 F A UE I L
{8 AT LA PbO, Uk S /)s | pH AR A4 ek 7 )
S PO, AH 11 4 ™. H R EE X+ PbO, HL 4 14 g 5%
i () AT 5 41 38 3870, 4 i) 2 T JEE X PO, L T AR Y
TR A K e 2 B4 52 1) 1 TG i

AR SC3E AN [ 3 S5 R PO, 7E 3% ik HL Bk
SRV SO RN RN N i 2 A a iR DA ES e a i}
R MR, IF25 G EAS RN B il 45 1 — S AT
HL A% (9 SEM JE % fil XRD &35 R AE, 20 M i B X

ERARIRED: A

PbO, HLUTBUEAZ A K B A 52, i A8 2% f DT AR
il & PbO, T. 2 &Rt S %
1 £ I
1.1 KFI 5=

THRRER () A AR 28 A]) , BUAEUK (R R R
AT ), SR (43 B 4l , 3% i i Al (R T SL Gk 1B
B A ) 0GR (R NG A B R ). I TR
¥ A E K B

ML Ak 2% T AR o (95 [ BT 25 4 ve /A F] PAR-
STAT-4000 ), F9 4 v 7 B e (H AL PR &
¥t JSM-6390A 7)), XRD 75 ( H 7 I it il 1 Fr ).
1.2 XWHE

AL 22 AR H = AR &, TR O B AR
3 mm A9 B ik L AR, Bl B R R O TR, S L H
S FIH R B (SCE). 43 5I7E 25 °C 35 °C .45 °C .
55°C .65 °C #EATIEAR 22 M4k | 1A A i 2 A
LANTT I H A B A M, K IR R L
FHEHCRA 20 mV-sT, T H A RS i 4 9 L IR
2 mA TS R HT VR B 0.01 mol <L il iR
W 0.3 mol - L. 3 fik Fi A% {7 FH Hi7 28 41 )6 49 76 3
T RE K B, o' i) B f AR FH 28 08 K o vk
g g 0. AR AR 2R R 8 B T 101 BB

Wi H 9. 2016-07-07, 1217 HH#: 2016-09-09  * Sl iHFEH , Tel: 18629020305, E-mail: huagong1985@163.com
IR B AREFE 4T H (No. 51478379, No. 51408468) K Bkt K ILA A 550 H (2017ZDIC-25) % Bl



55 4 4

JK e O B e PR R T, FEOBT O | ek g kAl
.

K H 50 mm x 30 mm x 2 mm £k 344 4K 7k F)
FH 80,240,400 H b 484T B, SR )5 i FH 10% 1)
NaOH % BB YE, T 10% ) F IR v i 21 k.
JH S0 Ah R A 1) BB A BEL R, A 455 49 Sk B AR, A 7] B
N3 em, LIRS )E N 10 mA -em?, 40 BIFE 25 °C 35
°C 45 °C 55 °C 65 °C TE[f]— ¥k BE MR 4Y | MR IR
B H IR 1 b, £ B PbO, HLAK , 4K J5 X5 H,
e B )2 HEA T R T 5L (SEM) Fil XRD 434t
2 #REITR
21 BERARME

K1 h PbO, 76 3% i HL A% b Ha 0 14 496 2R 4R
M. H B Rl R TRDIR BE R AR SRR A i 2
Y BT BH BA AR AR 2R A 5, D 2 34 A 1 UK
UL IR, BB PO, 7E 4 R A F & T
B R R SRR B TR EE B T PO, HLTRR Y
JE ¥ 13 B A7 (NOP) BV ik 25 sk /)N | ik A8 fb 6 0, 7
JE TR R T B At , {2 T PbO, HL UL L ad
SRR AN SR AN R S A (B = T =T
TR PbO, i R Bk K. 76 K T 55 °C B H I %%
Beohn 2, LB BT SR W e, TR AE 45 °C LU
A IR A R R A AR A TR | L A R 1 T
e 9P Al D 10 A /DN | 24 9L R R T 45 °C B, R T
A AR e B R AR fb R B B v R AR TR
B PbO, TR JZ T 30 P AL, e M 0 .
2.2 EBAL-B B A £k

El 2 S PbO, 7F B ik FL i b H T AL R A e
- ) BF S i k. DI HR Rl LA iR 0 04 el

0.0025 25°C
~ 0.0020 35°C
‘= 45°C
© 0.0015 55°C
< o
< 0.0010 65°C
5 i
£ 0.0005 i
S
0.0000 I
-0.0005
0.0 0.5 1.0 1.5 2.0
Potential/V

1 A [RNEE 25 T PbO, 75 3Bk i % L LA i 72 ) 91

AR 22 i 2k

Fig. 1 Cyclic voltammetric curves of PbO, deposited on a

glassy carbon electrode at different temperatures
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Fig. 2 Potential-time transient curves of PbO, deposited on

a glassy carbon electrode at different temperatures
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Fig. 3 Current-time transient curves of PbO, at different temperatures and different over potentials on the glassy carbon electrode
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Fig. 4 The comparison of current-time transient dimensionaless curves with the theoretical nucleation curves during the PbO,

deposition processes on glassy carbon electrodes at different temperatures and different potentials
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Tab. 1 Kinetic parameters of lead dioxide deposition on the glassy carbon electrode based on the transient current curves

TC mV 1S (mffi‘i 5 Alzo ;[Z;/ L, 10 (clrgzz / ) Als' 10°N /e
60 24.00 107.925 2.79 5.6 2.89 0.35 1.17
70 17.00 121.987 2.53 6.3 2.62 0.49 1.83
25 80 12.00 141.985 2.42 74 251 0.72 2.70
90 1150 182.155 3.82 9.5 3.96 0.65 178
100 9.75 172.103 2.89 8.9 3.00 0.87 2.78
50 8.00 215.031 3.69 112 3.83 1.02 2.66
60 5.75 235.964 3.20 122 3.32 1.30 426
35 70 5.50 249.459 3.42 12.9 3.55 1.53 417
80 4.50 244,015 2.68 127 2.78 1.76 6.51
90 4.50 142.175 2.64 12,6 2.74 1.79 6.60
50 8.50 197.836 333 102 3.45 0.98 2.78
60 5.75 227.836 2.98 11.8 3.10 1.30 457
45 70 4.00 285.344 3.26 14.8 3.38 2.18 6.02
80 3.00 319.848 3.07 16.6 3.18 2.85 8.53
90 2.50 323.529 2.62 16.8 272 3.15 11.90
40 5.00 257.127 3.33 133 3.43 1.82 4.75
50 4.50 272.309 2.98 14.1 3.46 1.83 522
55 60 475 271.002 3.26 14.1 3.64 1.80 471
70 3.50 298.915 3.07 15.5 323 2.29 7.20
80 2.50 337.637 2.62 175 2.97 3.65 11.00
40 2.00 401.125 32 20.8 3.32 436 1230
50 1.25 497.584 3.09 25.8 3.20 5.53 20.40
65 60 1.25 483.936 2.93 25.1 3.04 5.53 21.40
70 0.75 609.609 2.78 31.6 2.88 10.80 37.70
80 0.75 614.056 2.83 31.9 2.93 10.80 37.10
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Fig. 5 Relationship between crystal growth rate and over

potential at different temperatures
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Fig. 6 Relationship between nucleation rate constant and

over potential at different temperatures
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and over potential at different temperatures
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Fig. 8 SEM images of Ti based PbO, prepared at different temperatures
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Effects of Temperature on the Nucleation and
Growth Mechanism of PbO, Electrodeposition

WANG Lei, XUE Juan-qin", YU Li-hua , TANG Chang-bin, BI Qiang
(School of Metallurgical Engineering, Xi’an University of Architecture and Technology,
Xi’an 710055, Shanxi, China)

Abstract: In order to investigate the effects of temperature on the nucleation and growth of lead dioxide (PbO,), the in situ elec-
trochemical depositions of PbO, were carried out on the glassy carbon electrode at different temperatures, namely, 25 °C, 35 °C, 45
°C, 55 °C, and 65 °C. The cyclic voltammetric curves, the time-current and the time-potential curves,SEM images and XRD pat-
terns of the PbO, coatings deposited at different temperatures were obtained. The results showed that the PbO, underwent nucleation
and grew at different temperatures. The 3D continuous nucleation mode of PbO, electrodeposition remained unchanged with the in-
crease of temperature. However, the solution resistance during the deposition process was decreased. The nucleation rate and the
crystal growth rate were both promoted by the increase of temperature. Before reaching the saturated nucleation density, the nucle-
ation rate was accelerated,and the size of PbO, particles was reduced. During the later stage of the deposition, once the saturated
nucleation density was attained, the nucleation rate became prodimnant, which adversely influenced the crystal growth rate ,and the
coating was not conductive to the formation of small PbO, particles. High temperature enhanced the oxygen evolution rate and in-
creased the energy consumption. The average particle size of PbO, obtained at 55 °C was the smallest one among the five tempera-

tures tested.
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