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Electrodeposition and electrodissolution of Zn on Cu electrode were investigated
in KOH+ZnO+PbO solutions by using cyclic voltammetry and anodic potential
arrest technique. Concentrations of PbO and potential windows in cyclic
voltammetry were varied to control Pb coverage on the Cu electrode. The Pb elec-
trodeposit on Cu affected the electrodeposition and the electrodissolution of Zn
and changed morphologies of Zn electrodeposit from polygon to boulder deposit.
The Pb deposit on Cu served as a substrate for Zn electrodeposition, causing a
shift in cathodic peak potential by 70 mV toward cathodic direction in cyclic
voltammogram. With an increase in the amount of the Pb deposit on Cu, anodic
part of the cyclic voltammogram split into four current peaks in which the ratio
of the first and the second peak currents decreased, whereas the third and the
fourth peak currents gradually increased with Pb coverage. The first two anodic
peaks corresponded to Zn electrodeposit on Zn and the latter two peaks to Zn
electrodeposit on Pb substrate.

Effects of PbO on Electrodeposition and Electrodissolntion of Zn in KOH Solution
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Fig. 1. Cydlic Voltammograms on Cu substrate

(- 15V g ngo™~-0-8V g ug0 v=20mV/s)

{a) solution : 9.08m KOH + 0.63m ZnO

(b) solution : 9.08m KOH + 0.63m ZnO + 9.525 x
107 °m PbO

(c) solution : 9.08m KOH + 0.63m ZnO + 2.54 x
107 *m PbO
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Fig. 2. Cyclic Voltammograms on Pb substrate

(-1.5Vyg/mg0~-0.8V g g0 V=20mMV/s)

(a) solution : 9.08m KOH + 0.63m ZnO

(b) solution : 9.08m KOH + 0.63m ZnO + 9.525 x
10~ 5m PbO

(c) solution : 9.08m KOH + 0.63m ZnQ + 2.54 x
10™*m PbO
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Fig. 3. SEM micrograph of Zn electrodeposit on
Cu substrate
(solution : 9.08m KOH + 0.63m ZnQ, potential
window : -1.5Vy.n0~-0.8Vyy g0  Magnification
5000 %, v=5mV/s)

(b)

24um
Fig. 4. SEM micrograph of Zn electrodeposit on
Pb substrate
(solution : 9.08m KOH + 0.63m ZnO, potential
window © 1.5V, g0~ -0.8Vggmeo.  Magnification
5000 x, v=20 mV/s)
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Fig. 5. SEM micrographs of Zn electrodeposit on Cu
substrate (solution : 9.08m KOH + 0.63m ZnO + 2.
54 x 107 *m PbO, potential window : -1.5V .0~
#AE whepgro] cycleo] WHEgo| whel anodic -0.8V /e Magnification 5000 x, v=20 mV/s)
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Fig. 6. SEM micrographs of Zn electrodeposit on Pb
substrate (solution : 9.08m KOH + 0.63m ZnO +
2.54 x 107 *m PbO, potential window : -1.5Vy, 10
~-0.8Vyg/ngo. Magnification 5000 x, v=20 mV/s)
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Fig. 7. Cydlic Voltammogram on Pb substrate with anodic potential arrest at ~1.28Vy, .0
(-1.85Vygugo™~ -0-8V g g0 V=20mV/s, solution : 9.08m KOH + 0.63m ZnO + 2.54 x 10~ ‘m PbO)
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Fig. 8. SEM micrographs of Zn electrodeposit on Cu substrate (solution : 9.08m KOH + 0.63m ZnO + 2.54 x
107 *m PbO, potential window : - 1.5V /1.0~ -0.8V e ng0, Magnification 5000 x, v=20mV/s)

(a) just before anodic dissolution

(b) anodic potential arrest at -1.315V /1.0
(c) anodic potential arrest at -1.265V 5.0
(d) anodic potential arrest at -1.2Vy, .0
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(c)

(d) 24 um

Fig. 9. SEM micrographs of Zn electrodeposit on Pb substrate (solution : 9.08m KOH + 0.63m ZnQO + 2.54 »
107 *m PbO, potential window : - 1.5V, .0~ -0.8V 0. Mmagnification 5000 x, v=20mV/s)

(a

just before anodic dissolution

)

(b) anodic potential arrest at -1.32Vyyq0
(c) anodic potential arrest at -1.27V . p.0
(d) anodic potential arrest at -1.17Vy,, 1.0

FA} ol Fo Wl ANT Aol
Znd 2ol sigats ARYwTt AokHA 4

o}
Ho g2 Pbol Wt Zno HAELEe] aghrl
weka (a), (b), (), (d)®F #2 morphology

7} @dolx o] f& ‘cathodic cvcled] Fv)o] & 4

2 BHARF EWeE PhEgel F7lo ¥

AE ARFH vmale] &7 wRolgt ¥okE
o,

Fig. 9= 9.08m KOH + 0.63m ZnO + 2.54 x 107 ¢
m PbOgd & Pbd o] tlal ~1.5Vy,no~-0.8V
ng/ngo Potential windowe| A 9 cyclesE¢t Cycliz

Voltammetry S 433 % n} 2z anodic cycleo:



KOH gooA] 29 H7}A PbO7t Zne) Hata fao] viX s 9% AT 109

-1.32Vygmgor ~1-27Vagngo -1.17Vagugod 19
o} 44 anodic potential arrest®e] ZnH & Zo
SEMAIA S UerdTh Fig. 9(a)y= Pb substrate
o] thdlo] Cyclic VoltammetryE 10 cycles &
A A2E Zno| morphology® thEA 249
2 AFRFo] FAHEALH () -1.32Vy,n,
oA potential arrestE AAE A lE A
&eje) Zn polygone] @Al A2 FRHAHA
Fol olslA AAHTL Pbel FAHF o3
M2 Zn polygon? FAEHol mAg Znd 2
22 JeERITh ()9 -1.27Vyhgueol A1 poten-
tial arrestZ A3 Fal anodic peak 1, anod-
ic peak 20 #|FEE HTEFL L3EHL anod

ic peak 30] HPaE ARFol dob Y 2
. _

oz BAEAFHE=Y EDS A Ao 3tH
22 REo] Phejm 4#9 Zno2 TAH
o]  quk.  (d)o} -1.17Vygugol Al potential
arrest® AA|F A3 v]Ag Znt Pbe HHF
o] BHEHYLoD 53 Pbe 7IXAAM BT I
B §45 ols Sdulel F7tE PbO7H
107*mol A H7l8 = A% Pbwrel dendrite’?7}
PAE 4 Udoks 239 wus AFsie 9
g 4 qlch 2 ol8] FHolME 3H 7B
29384 ¥AHE Pbot 4% Zno] BEEH.
Cathodic cycledl Al HFLE7F F715td PbE
e Zng HAEgo] AL ARFLEI 2L
Ao AulE o Phol thy Zno HEHE S
Z4EH, o2 <& Zn HAFo|l morphology
w3yl et oo

4a.4d £

2 gFgME KOHEAFol H7td PbO7t
Zng WA} gaio] v 4L PbOY =
9} potential window® ¥4 2%k Cu, Pb A
9lol HAY Pbo coverageE WHAIFIH Cy-

clic VoltammetryS A&3tod A3 2, o] 3
}7] SEM, EDSE Atgsle] A7|g8xos 3

48 Znd#3e BAHsgon, olz¥E de
Aee ved ok

1. KOH + ZnO€¥ & CudZe td Cyclic
Voltammogram2 Zn&A & &3l 39
cathodic current peak®} Zno) &3jo sFel =
311 2] anodic peak® A H A Th.

2. KOH+ZnO+PbOg A £ Cud=F ALEA] A
Z 3 do| Phol coverage?t Z71Eol wil Zng
anodic dissolutiond] | BFats ARl 37
o] ME peakz EElHI, HEA HYls 0V
o) wgog olEsgrt. ol Zng i
3t Pbel substrate effectol 7|13k}, Cycle
o] Z7ge) wil Zn A3 459 morphology =
polygon® Hlol 4] 52 Felel boulder2 w315}
dow, ol= Znm Phel codepositiond] &3l
dendrite®] %7] FElQ] polygon® o] AAH
2T BEE Znd A3 gFAe] WHzstv] o
2ot

3. KOH+7Zn0g& & Pbdze wis] Cyclic
Voltammetry5 8 A] anodic voltammogramo] 4
712} anodic peak®z EEIEHUD FYT &AF
Cud=eo] A9 vmsle] Zng A3 87}
o ygog -70mV ol FaHon ojge I
Aro ZnA Eo| tht Pbel substrate effecte] 7]

4, KOH+ZnO+Pbogd & Cod I Ao Phe
coverage?t Z7}gtoll wel Zn9l anodic dissolu-
tionoll )% 3} Cyclic Voltammogram2 37§ &}
HH peak2 EEH9, Ad&HHE cycled Wt
peak 13 peak 29| AR{ A7IvI7t ALt
st 23 gAF PhdFel tisixs Phe
coverage?} Z7}gtol| wel Zngl anodic dissclu-
tionol] &3 38= Cyclic Voltammogram 47 9]
AE peakzZ HIHD, A%=E cycled wi}
peakl® peak2e] A{ Z7|v7} #HA3HT. o
2o AF peakarly AW FZ2 A%E Pb



110 F2RAEIR A 25AH A 1EA 1996. 3
o] Azl Pbel codeposit g 13 Zn & 3. R. Ichino, C. Cathet, R. Wiart, J. of Applied
2 9] morphology¥ 3lo] 9jall 2=}, Electrochemistry 25 (1995) 556.

5. g =46 PbO7} & A PhAZ, CuH Zo 4. E. J. Frazer, J. Electrochem. Soc., Vol 135,

4] #E 5= anodic cyclic voltammogram® an-
odic peak 13} peak 2= Pb@t 7 codeposit®
bulk Zne] &8je] i@t Cud 2o AS an
odic peak 39} PbA =2l 79 anodic peak 39}
4= Zn# PbHAF SEMAMIS] M ZAT Phat
of WaE Zno Salol sPech.

w2t
ki
[0
r

1. James T. Nichols, Frank R. Mclarmon and
Elton J. Cairns, Chem. Eng. Commu. Vol.37
pp 355, 1985.

2. Toshiyukt Maki, Masaru Fujita, Hideo
Takahashi, Tetsuo Ino, U. S. P. 3, 816, 178,
June 11, 1974.

10.

11.

12.

No. 10, October 1988, p. 2465.

. J. McBreen, M. G. Chu and G. Adazic, J.

Electroche. Soc Vol. 128, No. 11,November
1981, p. 2287.

. R. W. Powers, J. Electrochem. Soc., Vol.

118, No. 5, May 1971, p. 685.

. Z. Mao, S. Srinvasan, A. J. Appleby, J. of

Applied Electrochemistry 22 (1992) 693.

. F. Mansfeld and S. Gilman, J. Electrochem.

Soc., Vol 117, No. 9, September 1970, p.
1154

. J. W. Diggle, A. R. Despic. and J. O’ M.

Bockris, J. Electrochem. Soc., 116, 1503
(1969).

D. Elliott, J. Electroanal. Chem., 22, 301
(1969).

John W. Diggle and A. Damjanovic, J.
Electrochem. Soc., Vol. 119, No. 12, Decem-
ber 1972, p. 1649.

D. A. Vermilyea, J. Electrochem. Soc., Vol.
106, No 1, 1958, p. 66.



