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S Holl sodium lauryl sulfates A7} AxFAgo] 71 =& PbO,s} A2E 9o polyethylene glycold #7}d
Gasastel 4% Fe POk BAs sk Pb0) AHashustsh dashiste Po0.E AR £¢ Aske 2ol
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WP EEE Fehioic.

Abstract: Addition of various acids or organic compounds to the electrolyte solution during the electrodeposition of
PbO; on titanium madras substrate strongly affected performance of the deposited PbO, layer. Results of X-ray
diffractometry ascertained that #-Pb0O, was deposited in acidic electrolyte. Among additives used in this experiment, PbO,
with a high oxygen overvoltage was electrodeposited when sodium lauryl sulfate was added, and PbO, with a lower
chlorine overvoltage was electrodeposited when polyethylene glycol was added to the electrolyte solution. The oxygen
and chlorine overvoltage of PbO, was strongly dependent on the stirring provided during the electrodeposition
experiment. It was observed by the SEM results that the PbO, grains deposited when stirring was not provided during
the electrodeposition have larger than PbO, grains deposited by stirring. In the PbO, deposition under acidic electrolyte,
the oxygen overvoltage increased with larger PbO, grains and the chlorine overvoltage decreased with smaller PbO,
grains. The optimal current efficiency of PbO, in the presence of perchloric acid was observed at Pb(NQ,), 560g/1, 65~
70T, and pH>1.
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Table 1. XRD Peak Intensities of ¢— and 5-Pb0O, Electrodeposited in the Presence of Various Additives, No

Stirring
Phase a-Pb0, B-Pb0O,
additives facet |  (110) (111) (002) (202) (110) (101) (200) (211)
H,SO, — 26 — - 79 100 37 77
HCIO, — — - — 75 100 26 58
HNO; — — — — 74 100 29 65
CH,COOH — — — - 58 100 28 53
NaC\;H3sS0, — - - — 85 100 56 28
Gelatin — — — — 63 100 71 29
C.H3:CsH SONa - - — — 68 100 32 72
Tritonx 100 - - — - 86 100 35 65

Table 2. XRD Peak Intensities of @- and -PbO, Electrodeposited in the Presence of Various Acids, Stirring

Phase a-Pb0, B-Pb0O,
additives facet |  (110) (111) (002) (202) (110) (101) (200) (211)
H,SO, — 23 — — 72 100 26 61
HCIO, - 19 - — 79 100 27 56
HNO; - - — 36 78 100 27 64
CH,COOH — — - — 56 100 33 58
NaC,,H,:S0, — - - 63 72 100 28 42
Gelatin - - — 62 50 100 53 78
C.HxsCsH SO;Na 12 — — — 68 100 32 72
Triton X 100 - - 27 — 36 100 84 44

. of Korean Ind. & Eng. Chemistry, Vol.4, No.2, 1993



276

(b) HI(Stirring)

(a) HI(NO Stirring)

(d) HF(No Stirring)
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(¢) Hel(No Stirring

electrodeposited in the presence of halogenic acids.

2. The surface morphology of PbO,

Fig

Fdss, 449 4235, 1993



3.2. SEM 2 XRDENM
Az Pb0,°] XRDEA
A 2 5 ode uhe
sF7-oF wukg 857
o (1IDH AAE & 5
o] EAstel A kS A
PbO,ut A= wubsbe] Az
(D)3} (202)499 A<
Pb0,7} @ PbO, Rt} Akas}A4te]
o] 9l=u)[3, 4] Table 15} Table
ko Aol 4 A& PbO7} wubg
PbO, Rt} AbaspAlgte] & ez A7slch
MAE Hrbske] AR Afr ik 8

o

A3} Table 13} Table 2]
!

o] HS0, EAstel mhe

E

=2

Do

=z

&o] A ztal A%l sodium lauryl sulfate9} gelatin
9] A7FAo = a-Pb0, 9 (202)% ], sodium dode-
cylbenzene sulfate®} tritonx 1009 H7}Alel& 7
7+ ¢-Pb0,9} (111)3} (002) ™ ] A2 & 4= 9jr}.

AREo AP A, AP, WA, A
el Al 5 o] 7HA g4 we} Zepalch
Fig. 29| (a)$} (b)= HIE #s}sled A=3g PbO,
AR e SEMAnZ wuhg & ¢x A PbO,
o] AR} wubste] HZE PhOBrE F A&
£ & qlrh Fig. 29 ()9} (d)+= HCIs HFE A
7Vsko} wubebx] ¢k A2g PhO, AR
vehbA] okstd Adisiabe] 3"
oJth. XRDZs}el dgtz]e] By wukg
Aol A Azg AHE A9 F-PbO,o|H
9 A7) AXe AL & F sk

»O

3.3 ArOIEet =X
18-8 stainless steels &=
o4 AEg PbO,A=E <
KOH F4ddolo Fa494E
@ F A% Aol
24 sk,
0.5w/o Z+E F2ANE A7l AsjdF oA

T2 A
gl o] aubastol] el AES] flabe] aw wE
a3 g AR ARE POASE A
3ho] 24 AF-WPFAE Fig. 3o mAlsksch
2 sk s w Fadke) 44 B 4S8 Pho,
AR a7)ol wet AkaAste] ARE Aol 1t
gl SEALEF HOIE Asshn ol o

gl A A A 277
100 4
<
<
<
=
Z 104
b)
SR
] 4
o 4
g ]
O -
1 T T T 1 T T ¥
05 10 12 14 16 18 20 22 24

Anode potential(V vs SCE)

Fig. 3. Plots of oxygen overvoltage and current
density for O, evolution at various PbO,
electrodes in 1.0M KOH. deposition condi-
tion; 0.5w/o halogenic acids.

(+):HF, (a):HCl, (%):HBr, (o)
(—):Stirring, (—-) :No stirring of electrolyte

solution.

100

N N

Current density(A/dm?)

1

1.2 14 16 18 20 24

Anode potential(V vs SCE)

05 10 2.2

Fig. 4. Plots of oxygen overvoltage and current
density for O, evolution at various PbO,
electrodes in 1.0M KOH. deposition condi-
tion; 0.5w/o various acids, no stirring.
(0):HCIO,, (w):HNO;, (*):H,S0, (+):
CH,COOH
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Fig. 6. Plots of oxygen overvoltage and current
density for O, evolution at various PbO,
electrodes in 1.0M KOH. deposition condition;
different HCIO, concentration, No stirring.
(w):0.5w/0 HCIO,, (+):1.0w/0 HCIO,,
(*):1.5w/0 HCIO,, (0):2.0w/0 HCIO,

(x):2.5w/0 HCIO,, (a):0.0w/0 HCIO.
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Fig. 7. Plots of oxygen overvoltage and current
density for O, evolution at various PbO,
electrodes in 1.0M KOH. deposition condi-
tion; 1g/l various additives, No stirring.
(w):Guargum, (+):S.L.S, (*%):S.D.B.S,
(0):PEG, (X):Gelatin, (a):Tritonx 100
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(¢) with Gelatin

(d) with P.E. G
Fig. 8. The surface morphology of PbO, electrodeposited in the presence of perchloric acid.

Td3Hs, A449 A 235, 1993



72 B8 HCO.Z 0.5w/o2 371 Asjdel 7+
2 57|27 AE 1g/l Brlete] AZg PhOAFL
A AF-ATAE SAT Aelch 2 ZF ]
A B 4= 9l u}9} 7o) polyethylene glycololr} 7]
Zof A28l Y gelatin, tritonx 100 H7ksle] A
gk A$Brl sodium lauryl sulfatev} sodium
dodecylbenzenesulfates #r}sle] Az Pb0O,<
AbzzAste] 714 & o' vy

Fig. 8& f7147kA 9 Hrbeh AbaAdste] 34
5 ARSI A8 AF K137 S Aot w2t &
A3 SEMA#HZ (a)x HCIOL 0.5w/o2 H7}g
Ao sodium lauryl sulfated H7jsbe] Azgh
PbO,Z sodium lauryl sulfates #7}slz| ¢+-& Fig.
59 (a)s} wlagd Fig. 82 (a)7} 2A=A7|7 o
< AR ALFAYE B AL 4 5 ik 29
1 Gelatin® 7$-ol= Fig. 89 (c)elA|e} zto] 1
Fwo] gAY FAYo vhekon, TritonX
1000]v} polyethylene glycols& #7138 ALod= F
Ao Ao e Ao xle] FEHGH =g
sodium dodecylbenzenesulfates 718 ZA$-ole
Fig. 89 (b)s} zte] 3 AAe] whEHYc} o
Arel Az2RE] Az Ph0,o Aadete Az

N
2>

o mEsh 9 A7hel el datsEe, 53 4%
R FERIEE EEI S EER )
4 ook
3.4, AATHY £

AgaTeld dacles 4ol g e
5% HAE Agehe A9 o

Fig. 93

debigies, e 497 ¥
s Agke] Yokt ol kol H AR vhek vy
A2 PbO,AEA B Sol2e) FRol 9E £
2 4547 270 9E ez A7,

2 e ARg Ao ekl W2Y PbO,

100 5
E
o
N
<
=
7 104
= -
@ -
© -
= J
()
‘;: .
=
U -

1

1 11 1.2 13 14 15 16 17 18 19 20
Anode potential(V vs SCE)

Fig. 9. Plots of chlorine overvoltage and current
density for Cl, evolution at various PbO,
electrodes in 1.0M NaCl. deposition condi-
tion; 0.5w/o halogenic acids.
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Fig. 10. Plots of chlorine overvoltage and current
density for Cl, evolution at various PbO,
electrodes in 1.0M NaCl. deposition condi-
tion; 0.5w/o various acids, stirring.

(o) :HCIO,, (m):HNO,; (*):HS0,
(+) : CH,COOH.
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Fig. 11. Plots of chlorine overvoltage and current
density for Cl, evolution at various PbO,
electrodes in 1.0M NaCl. deposition condi-
tion; 1g/1 various additives, stirring.
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