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1.1 AERE PbO, &
1) a-PbO,

B¢ 5 mL 1.0 mol-L" Pb(NOs), ¥ JH 65 mL 4f
JKH B, A 20 mL 2.0 mol - L' NaOH ¥ ¥ , 12
10 min. FFIIA 10 mL 1.0 mol-L" Na,S,05 &K , #8
AR 5 min, 30 C N HLLEFE 3 h, fiff Pb> F54A
1k, BI15 a-PoO K ITTE 1) B 0o 3 15, R B VR 2
rhbE | B R, 7E 40 CTR SR TR RITT.
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¥ FIRARIT B 5 mL 1.0 mol - L' Pb(NO;),
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WA 55 mL 4K B, i 20 mL 10.0 mol - L
NaOH i, Fo4rfiE+E 10 min. Fi0 A 20 mL 1.0
mol- L' Na,S,0; ¥ , H 7 #k %% 5 min, 70 CFHLAK
itk 6 h, RIS B-PoOL M ULIE = W B L 4 88, R
PR R T, CEEME  TE 40 CTF ST RRN AT
1.2 PbO, BRI Hll &

Bfb2a G ) PbO, 5 L LR | ORRZE
R LR I L 94:1:5 1RA), T/ 2y
B, R (1 cm?) ,40 °CF T4 1 h. DIt
a-PbO, B F, B-PbO, HL#k i LA & a-PbO, F
B-PbO, [T & L Lt 4351 fy 1:1 F1 3:10 (Y5 A L)
R, ST AL ZEAA ) b, R R (29 40 mg).
1.3 FRAEFAERLZNEK

K FH4A 4 ¥, 55 (SEM) (JEOL JSM-6700) W 5%
ANTF] fH T Y PLO, 1 R T IE 2 . X B 4 A7 43 1Y
(Bruker Advance D8) IS4 i , HJTVR Cu Ko(A =
0.154 18 nm), 1 25 B (A 2% AT FAVE R 10° ~ 80°.

SRR R AR SRR R PbO, TAEHLR
541 (2 em x 2 em) X HLH HURTH R S H R
1 1.0 mol - L () H,SO, FEAAWE (43 B2l 5] A
afiKELHl, p > 18 MQ -cm) #H . &1 CHI 760C
A2 T ARSI R [F] R PbO, HaMR AR 22 il &
FFEHCE IR | Zahner IM6 AL T /s It B
HL Ak 24 BT , AR Bl 0.01 Hz~ 100 kHz, 583
MAAF ZIRIE 5 mV.

2 #R5IE
2.1 PbO, iy XRD & E K SEM 3R

{7 o-PbO, FIFE (A B-PbO, 5k Y XRD % 4]
mE 1 s, MEEE L, R RS a-PbO,
(JCPS card No.45-1416) 1 B-PbO, HY #5 #E £ F
(JCPS card No.41-1492) tH[7] , H i & Jo 420 , 2 B
fb2E A U PO, R i 40 B 55 v a3 IR 1 VS VAU
AT Na,S,0, WeBE DL S 07 35 5 AT LAAR 44
PR PO, A 2 350 e T B R Bl B v R
AT Y 25, 3 T 25 B-PbO,, MR I | 55 5P
ZMNEE TIE K a-PbO,.

& 2 7 H R R R PbO, AY SEM BE - IR - i
7N ,a-PbO, ([ 2A) EAEARIR  BURIRAE V- 24 R 2
wm ZE AT, ORI RS, AL Z T, B-PbO, (& 2B)
ORI /N IFAR L RAEAE B, JURLR] FLIR/ N, 3R
TEARZILR.

2.2 BEIMRE LR
Kl 3 4 a-PbO, HL#K . B-PbO, LM LA K o, B
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Fig. 1 XRD patterns of the PbO, powders synthesized by

chemical oxidation

2 BiFREE PbO, FEAL Y SEM R
A. a-PbO,; B. B-PbO,
Fig. 2 SEM images of two types of PbO, powders
A. a-Pb0O,; B. B-PbO,

Wi A PbO, 42 AS [R) B & L FE (1:1,3:10) i1 B 1)
A HMAE 1.0 mol- L' H,SO, ¥ WK (G K 22 il
LNE 3 HE S BARER SR T —
KA JEIE | 3 IT KT PbO, iR 5k PbSO,. a-PbO,
Y RO S FEL A AT, LI HL IR (A H/)N. B-PbO,
CE QN BZNY SN e N VA T = N 2 N [ 2/ N
Devilliers 584 23 1L AL 2D TRUE LAY B-PbO, HE
W L a-PbO, AR LA ZAIR, (H&A 45T A8
B AEE NN, a-PbO, 5 PbSO, [RlJE &I T b &,
a-PbO, it JiL i F Y i %) PbSO, Z) 1F & a-PbO, i
IR g i BRI AR AL A /D | 340 R R A7 A X 48
1E. R4 a-PbO, BF, B-PbO, 1 A HE A 76 P
Yy, v o B M

FEAR A R rp |, 45 B 4 26 7E 1.35 v
MHEES LT BB A H IR E 1%, Y B-PbO, & K
e A L0 AR ) B . I 06 X B T PbO Ak
PbO, ()i 2. 7 5 1E B LA (1.5 V) L B HEL O o
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a. a-PbO,

0.08 + b. p-PbO,

r ¢ a-PbO,:B-PbO~1:1
004+ 4. ¢-Pb0,:f-PbO=3:10

A
i

0.00 -

Current/A

-0.04 +

0.8 ‘ 110 I 1i2 I 1i4 ’ 116 \ liS ‘ 2.0
Potential/ V(vs. SCE)
Rl 3 £ R 1.0 mol- L' H,SO, ¥ Ml FIAB A 22 thk
(A 5mV-sT)
Fig. 3 Cyclic voltammograms of the different PbO, elec-
trodes in 1.0 mol - L' H,SO, solution (scan rate: 5

mV-s')

BT TE 1.7V BBETE AN A AR 3xX
K F PbSO, A fk N PbO, 1L 2 .a-PbO, HL A Y I
HL R, 17 a-PbO, 5 B-PbO, 1R-& Hi B A Ak i,
T E S A=

2.3 [HERFE AR Lk

&l 4 25 ) o-PbO, Hitl B-PbO, LI (A) K A [A]
JF B it HE Y a-PbO, 5 B-PbO, IR A HLH% (B) 7E 1.0
mol - L' H,SO, ¥ ¥k " IH H i Fe il e ith 28, # ik He
JE 1V, S LR35 EE 10 mA - cm?, FEHLIE]500 s.

M 4(a.a" ), a-PbO, HLHLA] 4A 75 HL I H,
PiEEs, WAL ™ # .a-PbO, 5 PbSO, ¥ & AT
oh AR, ARAS R BT . R R B W PbSO, S Y
a-PbO, AR U A B 1 52 )2 BELAS T 6
] a-PbO, IRAMY HE, % a-PbO, J& L2k J5 77 A — &
AR, ™ E A FE AR AR A B R P e R ) S
SL, AR AL R AR IR 178 s 3G 255 20 S 1D
1 470 s. FZIHH T o a-PbO, it 5
PbSO,, FEHL I BB A 75 AL AL B-PbO..

E 4(b.b") B T HL Hh £k 2 B B-PbO, L 1)
L2 U B T a-PbO, HIHL , 4 B-PbO, H % )
IR R RS 6] R 275 s, BE# TR AL R A RESE
B-PbO, FELAR [ FEL B ] A B Wk b A #ads, 56 11
JEL SR EA P B ) 24 2 538 s bR, R A ]
ZIBYE 5, BRI R 1 PbSO, MM 2 | B R Eh
A B RIE 20 8% ok, Sl i B i Ak Ry
B-PbO, [ & 5 ik /b

Herron % 0F 58 T UL B 7E 40 L 19 a-PbO,,
B-PbO, LK HFIRAGY), HAMEFE T2 a-PbO,
W REFE AL B-PbO, ™. a-PbO, L5455 B iy, T H
I, 1M B-PbO, 25 A6 B FE 4 A%, it i 25 it . 7T
LI | 24 a-PbO, 5 B-PbO, IR & ML, Hi7E
T EE P K T PO B 4 ()T, 2 a-PbO, 5
B-PbO,(1:1) il LIk A UMK, A H B ] B o A4
KR 440 s 35 255 4 FRIBIC R A A] 550 s J5 f%
FErExgese. 5 5 R FE i 5 JL LA 2 S TS KR
e, X A[HES PbSO, A AL A PbO, i 2 & i
R IR ER AL N A . 1 4 (d.d) a-PbO, 5
B-PbO,(3:10) IR & M LA AU &L, 55 9 il 72
ML A T NE S, B 1.514 V FEE 1.501 V G
BT . R R SEY 5 7 SR R BN
A 4T 500 s BT 3 AT REIT IR T Fe i i AR
i IRA AT a-PbO, B354 4EH B-PbO,,
i A R 2 . {2, a-PbO, F ALK, B-PbO,
R B ARRETIR , IETEYIT PbO, Bk £L
BN | B R 1 4 A% e 2 32 2] 52, DA T 5
L HSF (] 446 .

B, IR AR BRI T — S Y
PbO, L, 1Ml a-PbO, 5 B-PbO, B fit b Ry 1:1 AY
TR A HU P BE T AR SR RIS h FE L PbSO, H
AEZE AR B-PbO,. — HEEHHAEH N a-PbO, Z 5k
L4 i PbSO, J& , S P A BESYK E N a-PbO,,
HEBA M B-PbO IR A U B 2Rl Z i 3R, S 5 X
O P4 LS TR/ FEL R S L B ] 1 SR A gl i >
24 BALFEMEIE

% PbO, HLI A HL AL BHBTIE WA 5 PR, =
ARIX A BATIR T PO, SRR | 5 H 7R ARG 25 711
Z RIS, T X AT PO, HLH (14 A
RHATLA 5, (AT X 1) L2500 i W e ) % o
A E S ATLUE S, R4 PbO, MR EIANE] , 4
Tl PbO, HLHR A BHBTENARAFALL. A0 4o BT % &
(K 54 BoR,a-PbO, HL M Ay I H B /)N
B-PbO, L 375 W i BH AR K, R «-PbO, HLBH
Z(10° Q-cm) b B-PbO, AIHELBHR (10* Q-cm) &
—ANECEE 3 U B VA TR R BELAS S8 4 B T HL A
TEYEM R BER 0] RE 5 TG MY R A ZS A
%.a-PbO, A K AU 1T B-PbO, ik /N 55
B 5L.0-PoO, HUMRFLIRAL K, 2 B0A W L BEL s i A8

7N,
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&l 4 £ HHRTE 1.0 mol- L' H,SO, Wi E FL i FE it (a, b, ¢, d)ZRJL AT 6 JEI I E] ARAR T K (a', b, ¢!, &) I (GE ik
FLEAE R 10 mA -cm?, SEHLIE] 500 s, #IFHAL 1 V) AL BA— 80, B IR A A

Fig.4 Galvanostatic charge-discharge curves (a, b, ¢, d) and the enlarged eurves for the first 6 cycles (a’, b’ ¢’, d') of different

PbO, electrodes in 1.0 mol- L' H,SO, solution (the charge-discharge current densities, charge time and cut-off potential

are 10 mA-cm?, 500 s and 1 V, respectively) A. pure a-PbO, or pure 8-PbO,; B. a-PbO, and B-PbO, mixtures

2.5 PbO, PIE3T EFE i £ RE
1) AEHRAE A a-PbO, F1 B-PbO, ) XRD &

W SIE SRR

I

K 6 25 AN [R] e B WIS o B, 7E 30 C R &
%) a-PbO, FILE 70 °CF 4 % # B-PbO, ¥ i Y

XRD 5 NHEE] 6A BT DL B, IS4 R W
WEMI2ZE—F, A HPF a-PbO, FE i A7 ]
i IO B, 248 M Y a-PbO, fbfA.a-PbO, F
i (a) LR AR N 0.648 m2-g', SE L4 1.647
nm, 1/2 W PR E a-PbO, 5 (b) AY Eb 1
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o a-PbO, * B-PbO,
121 5 a-PbO,: pPbO,~1:1 e
L 4 aPbO,: p-Pb0O,=3:10

8F o

-Z"/Q

5 10 15 20 25 30
Z'/Q

E 5 JFHEAL T a-PbO, B-PbO, L F A [F] i & f
Lt i a-PbO, 5 B-PbO, IRA LML ZE 1.0 mol -L!
H,SO, ¥ W 4 A 7 BELAC 1 Pl (4 P& A o 43
kI EEAT)

Fig. 5 EIS of the PbO, electrodes fabricated by pure
a-PbO,, pure B-PbO, and a-PbO,+B-PbO, mix-
tures with different weight ratios in 1.0 mol L™
H,SO, solutions at open-circuit potentials (the
inset shows the EIS in the high frequency re-

gion)

Bk 0.573 m?- ¢!, FXFLAR 1.874 nm.iX 15 BH &,
IR WA B AR R T a-PbO, fiA% RIS K. [ N
Yy FE B AL X B-PbO, fHokr 1 Al T 45 A S K 52
M (1% 6B). 1/2 NIV R B G Y B-PbO,(b)
FEAHTE 27° B A —A 220, W1 S IR S5 F AN HE
W) FLH: b i AR N - B LA 8/ ). B-PbO, F
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Fig.7 SEM images of the PbO, powders synthesized with

a half concentration of the reacting solution at 30 °C

for a-PbO, (A) and 70 °C for B-PbO, (B)

b

1
|
L
i \/ ].“; “ ‘} 1\
"y T A A
; !
\‘wwwmmx" T N

)
i U
f |
‘ f i
h o
Wttt ! k i \

K |
| b a
il ) N, hox
R— %/\N\Mw’ R WL m\.w/
1 1

Py L
L 1 1 I

10 20 30 40 50 60 70 80
20/¢)

Intensity

A JE S IV TR () F1 1/2 S IV TR E (b) & Y a-PbO,; B. RSN M T MR J3E () T 172 52 1o s T e S8

(bY& Y B-PbO,

Fig. 6 XRD patterns of the PbO, powders synthesized by chemical oxidation method

A. a-PbO, synthesized with the original concentration (a) and a half concentration (b) of reacting sollutions; B. 8-PbO,

synthesized with the original concentration (a) and a half concentration (b) of reacting solutions
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Fig. 8 Galvanostatic charge-discharge curves of the PbO, electrodes synthetized with the different concentrations of reacting

solutions and at different temperatures

A. a-PbO, with the original concentration (a, a') and a half concentration (b, b") at 30 °C; B. 8-PbO, with the original

concentration (a, a') and a half concentration (b, b") at 70 °C scan rate was 50 mV -s™)

HL 1 (A) F1 B-PbO, HiH% (B) B 38

i iR N

8A WA IFE

B ) a-PbO, LM F) FE i HL s 7]
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Fig. 9 XRD patterns of the PbO, synthetized at different temperatures
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Fig. 10 Galvanostatic charge-discharge curves(a, b, ¢) and the enlarged curves for the first 6 cycles (a’, b, ¢') of the a-PbO,

electrodes synthesized at different temperatures (the charge-diacharge current densities, charge time and cut-off poten-

tial are 10 mA-cm?,500 s and 1 V, respectively)
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tial are 10 mA -cm?, 500 s and 1 V, respectively)
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A Comparative Study of Charge-Discharge Behaviors of
a-PbO, and S-PbO, Cathodes

CUI Cong-ying', MA Xue-mei', KONG De-long’, MA Hou-yi"
(1.School of Chemistry and Chemical Engineering, Shandong University, Jinan 250100, China;
2. Shandong Sacred Sun Power Sources Co. LTD., Qufu 273100, Shandong, China)

Abstract: The a-PbO, and B-PbO, powders were prepared using simple chemical synthetic methods, and their crystalline
structures and surface morphologies were characterized with X-ray powder diffraction spectroscopy (XRD) and scanning electron
microscopy. Using the as-synthesized a-PbO, and 8-PbO, powders as positive active materials,the electrochemical performance of
the two PbO, materials was investigated by means of cyclic voltammetry, galvanostatic charge-discharge tests and electrochemical
impedance spectroscopy. The results indicate that the discharge capacity of a-PbO, electrode is larger than that of B-PbO.,.
Moreover, the composite electrode made by a-PbO, and B-PbO, mixtures with different proportions are favorable for enhancing the

charge-discharge cycle performance of PbO, positive electrode.

Key words: lead dioxide; lead acid battery; charge-discharge performance; electrochemical impedance spectroscopy
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