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The Discharge Behaviors of Zn Electrodes Prepared by

Pulse Current Charging in KOH Solution

J. H. Park, K. B. Kim

Department of Metallurgical Eng., Yonsei University, 134, Shinchon-dong, Seodaemun-ku, Seoul Korea 120-749

Discharge behaviors of Zn electrodeposits with typical morphologies of moss,
layer, and boulder prepared by D.C. and pulse currents were systematically inves-
tigated using chronoamperometry, chronopotentiometry, and Electrochemical Im-
pedance Spectroscopy. Porous boulder type Zn deposit was formed by pulse cur-
rent with 15mA/cm? 30 msec on-time, 90 msec off-time. When discharged at a
constant potential of -1.33Vy, 1y, the boulder deposit of Zn showed smaller
maximum discharge current but little decrease in it with time compared to other
morphologies. At constant current discharging, boulder deposit showed the least

overpotential.

Keywords © Zn electrodeposit, pulsed-current, Ni/Zn secondary battery, eletrochemical im-

pedance spectroscopy.
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Table 1. Typical D.C. and Pulse current charging
conditions and their corresponding morphologies of
Zn deposits

Speci- Pulsed current Pulse-on- Pulse-off- Deposit ~ Charge -
men density time time morphology passed
A 15mA/em® 30 msec 30msec Boulder 50C/em®
B 30mA/ecm®* 3msec 3msec Layer 50C/em?
C  60mA/em® 300 msec 300 msec Layer 50C/cm’

D 2
E

80mA/ecm® 300 msec 300 msec Layer 50C/cm?
20mA/em? D.C. Moss 50C/cm17
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Fig. 1. SEM micrographs of Zn electrodeposited
on Zn, Solution : 8M KOH+0.75M ZnO. {a) D.C.
20mA/cm?, 10 min., 1500 X (b} D.C. 60mA/cm?, 30
min., 1500 X.
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Fig. 2. SEM micrographs of Zn electrodeposited on Zn, Solution : 8M KOH + 0.75M ZnO. (a) Pulse current 15mA/
cm? 3 msec on-time, 9 msec off-time, 480 %, (b) Pulse current 15mA/cm?, 30 msec on-time, 90 msec off-time,
480 %, (c) Pulse current 15mA/cm? 300 msec on-time, 900 msec off-time, 480, (d) Pulse current 30mA/cm? 3
msec on-time, 9 msec off-time, 480 X, (8) Pulse current 30mA/cm? 30 msec on-time, 90 msec off-time, 480 ¢,
(f) Pulse current 30mA/cm? 300 msec on-time, 900 msec off-time, 480X, (g) Pulse current 40mA/cm? 3 msec
on-time, 9 msec off-time, 480 X, (h) Pulse current 40mA/cm? 30 msec on-time, 90 msec off-time, 480, (i)
Pulse current 40mA/cm?, 300 msec on-time, 900 msec off-time, 480, (j) Pulse current 80mA/cm? 3 msec on-
time, 9 msec off-time, 480 X, (k) Pulse current B0mA/cm?, 30 msec on-time, 90 msec off-time, 480 <, (I) Pulse
current 80mA/cm?, 300 msec on-time, 900 msec off-time, 480 X, (m) Pulse current 80mA/cm?, 3 msec on-time, 9
msec off-time, 480 X, (n) Pulse current 80mA/cm? 30 msec on-time, 90 msec off-time, 480 <, (o) Pulse current
80mA/cm?, 300 msec on-time, 900 msec off-time, 480 x.
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Fig. 3. Discharge properties of curves of Zn ele:-
trode at -1.33V vs. Hg/HgO prepared by (a) D.C.
charging with current density of 20mA/cm? (b)
Pulse current charging : 80mA/cm? 300 msec or-
time, 900 msec off-time, (c) Pulse current charg-
ing : 60mA/cm?, 300 msec on-time, 900 msec oft-
time, (d) Puise current charging : 30mA/cm? 3 msec
on-time, 9 msec off-time, (e) Pulse current charg-
ing : 15mA/cm?, 30 msec on-time, 90 msec off-time.
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Fig. 4. Chronopotentiograms of Zn electrodes pre-
pared by various charging conditions, soloution : 8M
KOH + 0.75M ZnO, discharging condition : 10 mA /
cm? + : D.C. charging with current density of 20mA/
em?, O :P.C. charging;: 15mA/cm? 30 msec on-
time, 90 msec off-time, W : P.C. charging ; 30mA/
cm? 3 msec on-time, 9 msec off-time, A : P.C.
charging ; 80mA/cm? 300 msec on-time, 900 msec
off-time, @ : P.C. charging ; 80mA/cm? 300 msec
on-time, 900 msec off-time.
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Fig. 5. Chronopotentiograms of Zn electrodes pre-
pared by various charging conditions, solution : 8M
KOH + 0.75M ZnO, discharging condition : 40 mA /
cm? + : D.C. charging with current density of 20mA
/em?, O : P.C. charging ; 15mA/cm? 30 msec on-
time, 90 msec off-time, M : P.C. charging ; 30mA/
cm? 3 msec on-time, 9 msec off-time, A :P.C.
charging ; 60mA/cm?, 300 msec on-time, 900 msec
off-time, @ : P.C. charging ; 80mA/cm? 300 msec
on-time, 900 msec off-time.
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Fig. 6. Chronopotentiograms of Zn electrodes pre-
pared by various charging conditions, solution : 8M
KOH + 0.75M ZnO, discharging condition : 100 mA /
cm?, + : D.C. charging with current density of 20mA/
cm? O : P.C. charging ; 15 mA/crl, 30 msec on-time,
90 msec off-time, M : P.C. charging ; 30mA/cm?, 3
msec on-time, 9 msec off-time, ~ :P.C. charg-
ing ; 60mA/cm? 300 msec on-time, 900 msec off-
time, @ : P.C. charging ; BOmA/cm? 300 msec on-
time, 900 msec off-time.
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Fig. 7. Schematic representation of Zn dissolution
and electrical equivalent circuit model of Zn dissolu-
tion. R, : Solution resistance, C, : Oxide capacitance,
R, : Charge transfer resistance, R, : Pore resistance,
C4 : Double layer capacitance.
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Fig. 8. Complex plane impedance plots during dissolution of Zn at -1.33V vs. Hg/HgO prepared by (a) Pulse cur-
rent charging : 15mA/cm? 30 msec on-time, 90 msec off-time, (b} Pulse current charging : 30mA/cm? 3 msec on-

time, 9 msec off-time, (c) Pulse current charging : 60mA/cm?, 300 msec on-time, 900 msec off-time, (d) Pulse
current charging : 80mA/cm?, 300 msec on-time, 300 msec off-time, (e} D.C. charging with current density of 20
mA/cm?(solid lines : simulated values, open circles : measured values).
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Fig. 9. Time dependence of values of charge trans-
fer resistance(R.,, mQ ) obtained from impedance
measurements. @ : 15mA/cm?, 30 msec on-time, 90
msec off-time, € : 30mA/cm? 3 msec on-time, 9
msec off-time, W : 60mA/cm? 300 msec on-time,
900 msec off-time, + : 80mA/cm? 300 msec on-
time, 900 msec off-time.
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