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elebF A A A Aol AbaFhdsie] 2y AwAde] 22 B-Pb0,2o] Aol WiFt 7|2ATEA HAH dazzist
HIEAE cyclic voltammogramsel] 2]3le] &gt A2 z20] 1.0M Pb(NO,),, pH 2.2-30, 60C, 4=
A ¢]7} 1.50-1.65V vs. SCEQ A% A YL dstch PhO, A #uk--2 ub-3& 27} 21842 43377} A A2
AbastA o] FopalE FAkA|wiQl vb-golglrh B Ado| A3t A {21 HAEF HCIO, = # A ) Ao
sodium lauryl sulfated # 13 of AbAasAdgte] 743 & Pb027} AEgeh $l9k 22 HA Mtz
glebgonal o)) A7) o] ARSI S-S YA EF R RE A oihtER Aa Az 283t A5A
53 W74 HEsdck HCIO; A& Al Aol sodium lauryl sulfate® #7}sle] A 3gk PbO, AFo] 743
& AFaEH WS 1S galsielc

Abstract—As a basic study on the electrodeposition of PbO, with high oxygen overvoltage and less comsump-
tion on a titanium substrate, the optimal electrodeposition conditions and electrode characteristics were inves-
tigated by cyclic voltammograms. It was observed that the electrodeposition condition was optimal at 1.0 M
Pb(NOs)2, pH 2.2-3.0, 60T, and anode potential, 1.50-1.65 V vs. SCE. The PbO; electrodeposition reaction
was the diffusion controlled reaction that the fast the electrodeposition rate, the larger the grains size and
the higher the oxygen overvoltage. Among various acids and organic additives used in this experiment, PbO,
with a high oxygen overvoltage was electrodeposited when sodium lauryl sulfate was added in HCIO, support-
ing electrolyte. Electrode performance and durability for the electrolytic preparation of sodium perchlorate
from sodium chlorate with using lead dioxide electrodes electrodeposited on a titanium madras at above
optimal electrodeposition conditions have been investigated. It was ascertained that the PbO, electrode elec-
trodeposited by adding sodium lauryl sulfate in HCIO; supporting electrolyte have the highest current efficiency
and durability.
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Fig. 1. Cyclic voltammograms for the PbO, electrodeposi-
tion on Ti-rod at different lead nitrate concentra-
tion in 1.0 M HCIO, solution.

Scan rate: 60 mV/sec.
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Fig. 2. The plots of i, ™" vs. @ '/? for the PbO,; electrode-

position on Ti-RDE at different lead nitrate concen-

tration.

(m) 0.1, (O) 025, (a) 05, (X) 0.75, (+) 1.0.

Table 1. The rate constants for the elecirodeposition of
PbO, at different lead nitrate concentration in
1.0 M HCIO;4 solution

pb{NO;),(M) 10°-n-K,(eq cm-mol~!g~?)
0.1 0.0575
0.25 0.748
0.50 4.24
0.75 8.24
1.00 28.2
1.50 2943
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Fig. 3. Cyclic voltammograms for the PbO, electrodeposi-
tion on Ti-rod at different pH of 1.0 M Pb(NO3),
solution.

Scan rate: 60 mV/sec.
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Fig. 4. The plots of i, "' vs. w2 for the PbO; electrode-
position on Ti-RDE at different pH.
() 10, (O) 18, (a) 22, (R) 238, (+) 3.0.

Table 2. The rate constants for the electrodeposition of
PbO, at different pH

pH 10°-n-K,(eq cm-mol"'s 1)
1.0 0.525
18 0.845
22 3.116
28 4.884
30 8.815
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Fig. 5. Cyclic voltammograms for the PbO; electrodeposi-
tion on Ti-rod at different temperature of 1.0 M
Pb(NOs), in 1.0 M HCIO; solution.
Scan rate: 30 mV/sec.
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Fig. 6. Cyclic voltammograms for the PbO; electrodeposi-
tion on Ti-rod of 1.0 M Ph(NQ;), in halogemp
acids.

Scan rate: 60 mV/sec.
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Fig. 7. Cyclic voltammograms for the PbO; electrodeposi-
tion on Ti-rod of 1.0 M Pb(NQ;), in various acids.
Scan rate: 60 mV/sec.
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Fig. 8. Cyclic voltammograms for the PbO; electrodeposi-
tion on Ti-rod in the presence of various additives.
Scan rate: 60 mV/sec.
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Fig. 9. The plots of ip"' vs. ®™ 2 for the PbO, electrode-

position on Ti-RDE in the presence of various ad-

ditives.

(m) Ci2Hy5NaQ,S, (R) CysHxNaOsS, (a) Guargum,

(1) H(OCH:CH,),OH, -(+) Triton X 100.

Table 3. The rate constants for the electrodeposition of
PbO; in presence of various additives

Additives

10°-n-K.(eq cm-mol 's™1)

C12H25N304s 3.79
C18H29N303S 1.73
Guargum 1.67
H(OCH,CH,).OH 1.61
Triton X 100 0.54
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(a) CizHasNa0S

(c) Guargum (d) H(OCHCH, }n0H
Fig. 10. The surface morphology of PbO; electrodeposited

in the presence of various additives.
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Fig. 11. Cyclic voltamograms for the oxygen evolution of
PbO; electrodeposited in the presence of various
acids.

Scan rate: 60 mV/sec.
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Fig. 12. Cyclic voltammograms for the oxygen evolution
of PbO; electrodeposited in the presence of var-
ious additives.

Scan rate: 60 mV/sec.
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Table 4. The current efficiency for the preparation of so-
dium perchlorate by lead dioxide anode
cathode: 18-8 stainless steel.
current density: 30A/dm? addition agent: 2 g//
NaF, temperature: 30C

Initial Final Electrode
Current |

Additives® chlorate  chlorate efficiency weight-loss
concentra- concentra- (%) » rate

tion(g/l) tion(g/l) (mg/kA-h)
HCK 502 264 89.2 134
HI* 504 264 89.3 576
HCIO# 501 253 91.6 0.0
CH;COOH*! 500 268 879 0.0
Cy2HasNaO,S” 502 254 93.9 0.0
Ci1sHNa03S?' 509 275 89.5 0.0
TritonX 100 504 266 88.7 0.0
Gelatin” 506 266 88.5 11.9

“The acid is added during the PbO, electrodepositiorz
»The organic additives is added during the PbO, electro-
deposition in 1.0 M HCIO,.

PbO+H0 — PbO,+2H" +2e (6)
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