J. of Korean Ind. & Eng. Chemistry,
Vol.7, No.6, December 1996, 1105-1114

2 MDDt T4 o|MEHES Hzoff

ro
re
-

AM -GN B2
AEdTd S 2 E, *dsid g a3
(19964 74 22 A<, 1996 11¥ 114 A=)

A Study on the Preparation of Lead Dioxide Electrode
with High Oxygen Overvoltage and Durability

Jae Kwan Kim, Byun Sun Choi, and Chong Woo Nam*

Environmental Technology Research Group, Korea Electric Power Research Institute
*Department of Chemical Engineering, Inha University
(Received July 22, 1996, Accepted November 11, 1996)

Q 2k a-Pb0,/Ir0,-TiO,/TiA] A A Aol sodium lauryl sulfate ¥ TiO2%& Frlgh Aibd AdQol 4 Azt
B-Pb0, 29 B4 ¢ 454 XRD, SEM, cyclic voltammograms, sfZ2 A& E o]L3te] 7 Edr}. XRDEA ZA3} sodi-
um lauryl sulfate 2 TiO, 22| EA43}e]] @-Pb0,/Ir0,~TiO,/Tix| A A $lo| &F B-Pb0,F & 5% FPb0,23 u}
A7HAE ARAATZE Jebyoh. SEMZAD sodium lauryl sulfates A#59 A2 4A4z271E A 3e 3FE BAE
t}. sodium lauryl sulfate @ TiO,£Ze] £ o] A3 FPb0,43FL KOH ¢ HCIO A A A& Aol 4] of=4Ak3}el ot
AR GG HEEE A FAAFAD. Elebgrtzdzo] ARA7] FPbOATE o 45te] Fdrigdo2 e oF
WAl digt AF45 4 WTAE AEsHg HCIOA A A s Ao sodium lauryl sulfates} TiO,&4& #7iste} o-PbO,
/Ir0r-TiO,/Tivfea| 24kl ARG F-PbO,A=o] 714 £& AFEEH W74 7HdE Fdsgid

=3
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Abstract: The characteristic and performance of #Pb0, layer electrodeposited on @Pb0,/Ir0O,-TiO,/Ti substrate
by adding sodium lauryl sulfate and TiO, powder in lead nitrate solution were investigated by using XRD, SEM,
cyclic voltammograms, and macro-elctrolysis. Results of XRD analysis ascertain that A-PbO, layers electrodepos-
ited in the presence of sodium lauryl sulfate and TiO, powder on @PbO,/Ir0,-TiO,/Ti substrate have the same te-
tragonal structure as pure B-PbO, layers. The SEM results show that sodium lauryl sulfate tend to diminish crys-
tal size of the deposited layer. The B-PbO, electrode electrodeposited in the presence of sodium lauryl sulfate and
TiO, powder gives significantly improved oxygen overvoltage and durability for anodic oxidation in KOH and
HCIO, supporting electrolyte. Electrode performance and durability for the evolution of ozone in perchloric acid so-
lution have been investigated by using S-PbO, electrodes electrodeposited on Titanium madras®. It was ascer-
tained that the PbO, electrode electrodeposited on @-Pb0O,/Ir0,-TiO,/Ti madras® by adding sodium lauryl sulfate
and TiO, powder in HCIO, supporting electrolyte had the highest current efficiency and durability.
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W o F= B2 A4S o] 43t gle
ol daAeld g $EE F UAERE o
THM(trihalomethane) 2] A Ao] &4 del wlg} &
of o3 Fxzyel FHAlo] AFHL vk 2F
AbstE o] 7bste] F9 Ab, 4H ¥ @59
F, HA9 ZANZA o]gH] gton, d4F
48 AFARA AHE 23 gk LEE FE
AupAddel o8 AzHz ded o] B¢ 2EY A
Az Balrh FAle] dojur 37|18 A58 & Ay
1~2%, A28 AT ASde 4~6%9 ¥ 5
T o dol 4AHA R TV 482 ¥ 4
+ NOx 59 T84 F4bEo] Al AA=d[2].
A o4 A ot o FLAAE AS
22 FE AMEHE ol4bEld(Pb0,) & vlxd A7
Aol G AraFAgte] 7] wiel A4y 2 A”
Ao AAA A71ed, Hee A7|EH, F71A-
A5 FFAEA g8 AMHEEIY[3] olabshd
ASE o &% A AR A7EH, 2T
A g frAd FASL ksl o ol F
of A 4 Qlch[4]. okFAshibe& g AAtol A A
a3 o]FjAH, Aibd TFAF A ¥
3}atel2 A 332 (nonstoichiometric  compound)
PbOx(1.9<x<2.0) 24 ofZo] A AE=dA &
A" ojatshd e A2 (lattice defects)2 F=4t
4 Aguh-g(anodic oxygen transfer reaction)e]
o9& ¢ obm Base] o5] ojatshde &b
afAge] & BFHIHE 8 Bold Fveg
7FAj3L 9Je] toluene, p-xylene, naphthalene, ani-
line, starch 59 f7]A8 Ashukgo ;I
AHEEE[5], WFol vlsf AAAe] e YR
429 771 2 7] AHTAE ATl &40
ZI =}, Az ojAbshge ARz wel ¢ L B
8 AAoldAZE A& =], AbAA (orthorhombic)
TZ9 aPbO= dZejAs| Aol A=z Aut
A A (tetragonal) #22]  F-Pb0O,=  AFAJ A & ol ol A4
AeHed, olF F Hey ArEs, o244 ¢
FFAsg ANBEE Atadbdgte]l e FPbOLH
F&3teH(6]. 22} &% BP0 AT AgdAe
2 F2% o34 gig F2AATAANEA 9o
AASoEL I P FAZE QA7 wE[7],
£ AFE A 2 Agds g g3 o2
AL AL 7|2 ATF2A FPbO, AT Abx3}
AYFH WAL A7 AL BHoE shojrt

‘_.
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2.1 A Y X|X|HZE HAE

23 25458 1 923 dAsed Ae
g RuCl; + H,0,(NH,),IrCls, RuCl; - H,0, TiCl,, TiO,
+EE& BF Wakod] SFA%e|5n 4oj2 A3
HCI, (CH,),CHOH, HCONH,, H,0,& Hayashi#] «
FAleFel et oAatshd A Ftel AH&-gE Ph(NO;), Cu
(NOs),=  Aldrichd] dFA|2ke]lz NaOH, HCIO,
NaF+ Junseid], Sodium lauryl sulfate(]s} S.L.S
2t A& LGA, LF ¢4 A48 HBF, HPO,
H,50,= WakoA| &5 Akolgict. Az AL €
EHEe 15% TEES ¢Rste 2= Madras®
2, A%3 37|12 AQgE $ trichloroethyleneo] 24
A7 AAAA 2AY oS 3% HFSA 337,
80CS] 60% FAF FolA 2027, 80CY 10% <
AbAbl| A 3A17F ol Ashed A z]skoie).

2.2. 35usE X85S
Eelg R 2% F&AakstE
2 4424 ¢ Table 1o vheholch.
7
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2
[

2.3. &Pb0O, Y B-Pb0O,9| X%

Eetg 2 =& O, TIO/TIREES 9o 2dlo
18-8stainless steel =3 Alojoll AXala oA
& 5% FHA AZxzd F BPbOEL LOM
HCIO A 2| A# Aol 560g/¢ & Pb(NO,),, Cu(NOs),
30g/¢ A AALEAE 7|EZH o2 AL ¢PbO,
22 1.0M NaOHA A A& Al 72 Ao Loalg
7NE2A 28 77t A of7)e 2E A
A3 wal SLSE 1g/f, 37.5m%/ge THAL
7t anatased 2 2 200meshd gk E34]7 TiO,
228 500ppme] FEE Hrlste] &5 65~70C,
5A/dm*9] HEWL A 50rpme] FHALLEZ Lo
& AN olishie WRARL A7
FHE st dudEE Foted Az B
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Table 1. Summary for the Preparation Conditions of Various Metal Oxide Layers on Ti-substrate

ion of coali ot
Electrode Composition of coating solu 10.n Solvent, etc Conditions of heat treatment
Metal salts Concentration
6 coating layers
t 80~120°C for 10min,
. 20% HCI(5n0) at 80~120C (11‘ Omin,
RuQ,/Ti RuCl; - H;0 0.1IM (CH.),CHOH(5 drops) at 300~350C for
0
e P 10~15min, and finally
at 450°C for 1hr
IrO,/Ti (NH,),IrCl, 0.1M the same as above the same as above
HCl
RuCl, - H,0 0.05M
RuQ,-Ti0,/Ti . T?Cl ’ 087M HCONH,(10 to 12drops) the same as above
s ' 30% H04(3 to 4 drops)
IrO,-TiO,/Ti 1 .03M
0, Ti0/Ti (NH‘,)Z rCl 0.0 the same as above the same as above
TiCl, 0.07M
 Zolth. sl=E A4S AFL e 2L AHHY Az olitshd AT~z AT (RDE) & o4 &
273 Az Q0% EelgEc d4l gHey vte SEA 42 t}g Levicha (1) &3 1/7 vs. 1/
H2E o] &3t AFA|ZH o' FF3% AU 2NH EEEAT(Ks)E, 7%
7128 #3ste A ()& FaHoc8]
2.4, BegXMEE mjRE AdIY ¥ W7 1 ] 1 )
&Y = nFAKsCo T 0620FAD"Y 7o w7 (D)

ok 5m AT FAZ YHAZ FHAasE AR
¥¢ JF22 3fed 20M HCOAAAH LA
~4A/dm*e} AF L& HeldN EIENE 5
2 AT Yi4L 2.0M HCOAA DA 24
A4 40A/dm.?] AFUEE 5m Er”ilﬂ %
S3] 22 o 729 AL A
st w]iLsgiet.
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2.5. cyclic voltammogram& &
@-Pb0,/Ir0,-TiOy/TiAZE& AAHE § BPHO,
Az g CVEAL 1.0M HCIO A A A & Ao 1M

Pb(NO;),, Cu(NO), 30g/¢ ol HajdgNg 7jz

Ao 2 3o, 7] fPb0,o] AZEEAIS 54

HPzAo2 Yehd SLSE 1g/¢, TiO2Z 500

ppme HE2 H7lste] L& 256~307C, 0.0~1.8V

vs. SCES] AFAHE 9ol A st
=g 2 AREAAA QRS A ATE FT

o2 3] 1.OM KOHa 8ol A AbArihAgub-g-of

g CVE SAsidch CVEAAYe 2agadAda

(SCEYE 718AF 22 3hef SAstqon, A2t A

o2 A AAsE Hast 37 98 Luggn

capillary & 25T g THAA APsiqd.

o}7)4] v. kinematic viscosity(cm? - s7')

®: rotational velocity(s™')

TH 7 ARz AT o)akshd AT L o]
d 1.0M HCIOAAdAA N A FTH - ART
o duiEAgAdEe & 2Asx 2E AL 145V vs
SCE o]gell A £3d4te] dofBz o
5V vs. SCEE 13l uhssn

%t
2.6. g&MEE D250 MEEQ FHEN

5 F445E A83d A7 olasbde AT
25 RAES7] st o 9% X-4 JHR4
(XRD, Geigerflex, Rigaku)& #slgdon], AR xd
< 7129 295 E F(Aw) R IR ARFA
@ u] 7 (SEM, Hitach, X-650)& o] &3¢ 23
At

2.7. J& o|MEILSHZ e 7N &

72 A% 2204 ALY olsEATE 3oz
dte] 5.0M HCIOG44el4 20~60A/dm?e] TA
FREAA 7227 TG AEE s AFrngs
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£ 60~100A/dm*e & 28] o]} H& AHFUEE
:L

360"]7\} %O‘.}' ;ﬁgﬂ}g{é‘% %“5’“ ] _‘_/;\__1;_41:_1_:‘_.% —’__‘—‘-Xé
s ek

2.8. @EdMol st of 3 2 HsH

1.0M HCIOAAAH A AibgsgddA eet
“EC*"Oﬂ A8 f-PbO,AFE o|48 0C, 5.0M
HCIO, && H,S0, HPO, HBFA#do] NaF&
2g/0 2 A7lsted 80A/dm*AFLEZ oF (.25} 2}d|
ole] M7leFe] BEWTIA oF A AT HIAE
Axstolch. =g AT Y AALE A
7tst7] 98 ElelEETE Madras® HYste H2
g o|Absg AT S FF o2 sto] A AHE &R
Q1 0°C, 8.0M HBF Aol NaF& 2g/¢ 2 #7}3}
o} 80A/dm’AFUEZ oF 25je}e]o]9] A7|Fo] &
Eo7tx] AFsiach. oF9] dAR AL vt
&% FAY 2wt.% ugti} ZE4 Al EHAA
2% 22 % 0.005N Elegihtes EF8Ae
=

(]
s
2 BAstda A3 YL FASALEE SA4s

3.1. 244312 D559 I3 H =Y

4% F444de dedst] AL 548
850 Fdait Fhelx e AFLEA T F=
A9)e AR 8 2.0M HCIOF4d00A 2%
FEAEA RS AfF-AAFAE 4319 Fig
Lo =A8}odct

2 A AFAFe Aev FFAsE AT lE
ASAANA EFA%e] doftet. 2.0M HCIO,9
A FgAd A 40A/dm,e L AFLER Gm
A WFATH APFEAREST WEATY
AE SA3 AgEddria e Az BdSE
Ast e 4dd] 2eldyAY A7k A3
Mo 2 &A3te Table 20 vehilct.

w2723 RuO,/Tie A24Ho] Ru0,-TiO,/Ti,

Ir0,-TiO,/TiAZ e} oS A Jehdol 2g2&
AgE AEFE AAA L Eepgel FEeiabs
d TiOE BAHAA AT 79& FHA A
Btk JEdlE Aashigte] ¥ BElsE
FAAA A Hglot AN E A vl

fu ot ofe Jp

[ oy fo N{ﬂ

Zstsh, 4174 A 635, 1996
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Fig. 1. Plots of anode potential vs. current density
on various electrodes in 2. OM HC10..
(0) : Pt-plate, () : RuO,/Ti, (M) : Ir0s/
Ti, A) : RuOs-TiOs/Ti, (A) : IrOs-TiOy/Ti

Table 2. Results of Durability Test for Pt and Vari-
ous Metal Oxide Layers in 2.0M HCIO, at

40A /dm?
Electrode Life time (hrs)
Pt-plate <82
RuO,/Ti <43
Ir0,/Ti <450
RuQ,-Ti0,/Ti <720
IrO,-Ti0,/Ti =840

Ao LA WFA B ZAHo| gyt
Rqu TiOy/Ti, IrO,-TiO,/Tis} o] TiO,-F&A4Hs}H

T &3 WFAT w5 108 o] HFH
£ 249tk

3.2. o[ Mttt HE B ManpHEet

1.0M HCIO.8 A=A A4 S.L.S 1g/ 4, 500
ppm TiOERE A7ke BAGSEAoIA ¢PbOy/
IrO,-TiO,/Tizl 5%l B-Pb0,9 HzAe| gk CVE
235l Fig. 20| TA)8Hgich.

A9 FAA| el MaE 348 B
olabzhte] HAAAYZ Bo|w AYFAL ubA Ao
it A2Ads ARHYY lashdEel B
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Fig. 2. Cyclic voltammogram for the PbO; electrode- Fig. 3. Cyclic voltammograms for the O, evolution
position on @Pb0,/Ir0,-Ti0,/Ti-rod from of various electrodes in 1.0M KOH.
lead nitrate solution containing 1g/ ¢ sodi- (a) : B-Pb0,/Ti, (b) : f-PbOy(S. L. S)/Ti
um lauryl sulfate and 500ppm TiO; powder (¢) : TiO,+ APbO,(S. L. S)/Ir0,-TiO,/Ti
in 1.0M HCIO; Scan rate : 60mV/sec. (d) : TiO,+ A-PbOy(S. L. S)/a-Pb0,/IrO,-
AT L. 17 A FAHAE $3A97} 2 Tio/Ti
vebg s AfsE el w2 b AYFAL ke o} AbztAste] F7hE g Ao 2 A7 Aol
2 A3AY7} viEAe] Hi AR FolAE A 2 TiOgo] AbaAgte] d3E o] Aoz 4
o2 Bo} 13} AM3lell M TiOAMIE E2o] ¢-PbO 29k, 29 ZhE ATl dofube oFFAbE
2% R FRFHo| AZAHAGFE FiFol AFI} 7SS A5 wESeAeE o] 9
A delue g dabEe H9Fal wkEd) o) # FFA9E 1.5V vs. SCEE 37|32 3AL
FI3Z AFF 45T FIA2 AW wZ02  £ol me vehbs AR ool Fig do ubeh
Aolgle AL 13 AAFAAI 49 olashds Weom, 1.5V vs. SCEA ol 4 dojuf= oItz
o] HFAL wbAd Aol FHedo] R3] o] FoixA] ¢t gk & AE Table 3o vehuigich.
AEsto o-Pb0, 37| A7|Adde] A o] Fo I 23 AY BE ojabshdAZ Y A s)erv)
A% AT 5 Aok F EAYFAR O TiOEE H g o2 Mol e AxGE Fulste FYu)
of TAstAE AAEAH o] Fx g & 4 At S22 & 4 ok AAVE7I2NE sd ukeAa)
Elebg ol A4 A-PbOZ AZAZ oikshd A TE 78 27 6.22¢q - mol~'e]9lr}. TiO,9 SL.S

Aol FHa s et vebd| Ir0,-TiO,/Tis)

Bx 290 ¢ Pb0,/Ir0-TiO/Tix| 22 o £PhO, Table 3. The Rate Constants for the Anodic Oxida-

£ YA 7] o) abshd HZe] AxTALGE HES tion on Various Electrodes at 1.5V vs. SCE

s 1.0M KOH& Ao A Ab2ibaio) fgt CVE = in 1.0M HCIO,

Asted Fig. 3¢ =Alsoict. Electrodes 10°%k.(eq cm mol~'s™!)
7 As 2E ATE Fo4 SLSE Hristed A B-PbO,/Ti 0.67£0.3

43 f-PbOATE AaFddte]l 7 A Jeht A-Pb0,(S.L.S)/Ti 3.38+0.2

ooy, SLSE #7istA ok AR p-PbOEc S TiO,+ B-PbO,(S.L.S)

LSE 7ketel 2 3 47h dastusrel ¥4 /110 TiO/Ti D70

ehdch 22 TiORTE A7pAlal Abasgho] TiO,+ A-PbO,

ot Bolgon, 3730l ¢ PbOZ BAAA B (SLS)/ePbos/ho Tio | 808
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Fig. 4. Plots of 1/7 vs. 1/@"* for the anodic oxida-

tion on various rotating electrodes at 1.5V
vs. SCE in 1.0M HCIO,.
(0 : BPbO,/Ti, (A): F-PbO(S.LS)/Ti
(W) : TiO,+ B-Pb0,(S.L.S) /Ir0,-TiO,/Tij,
(A) : TiO,+ B-Pb0,(S.L.S) /a-Pb0,/Ir0,-
TiO,/Ti

2 Arlste]  @-PbO,/Ir0,-TiO,/Tigo) AZg j-

POOAZS A HUSEA ¥ FEAAY A4

71g71238 ARUASE 4.05eq - mol o2 ek

ok, ol= (3)Alz 71-0] H.O02%8 A A28

7t e w2 5% 4 glon, AAR 15

V vs, SCE9] A alA sHdstA] @ o Lo

s 483 7zA4¢ & F AN 15V s

SCEA $Joll 4 9] uh&-2 AbaiA #uk ofvjz} o &

AQukgo] BAlo dojuts HAoZ A4 F £ Qloh

34

1

EES

SR e
PbO. A=
Q_PbOZ/II'Oz TlOz/Tl/“'oﬂ Z‘]Z}'ﬂ' ﬂ—PbOfﬂ

EAPE &5

=1 7353]'93“4‘-

Fig. 204 A g S ZA

& SLSE

Rhipid

g Ir0-TiOF9 ZAAT

Eillste] AxF IrO,-TiOF

Table 49 et

Astalen,

2 23 Rutiled 9] AwAAQ TiO7}F AwjAHoZ
AutAA el Ir0, 74 23l HAe]
ehten TiO e (110), (211), (101)HEo 2 W

ul

W7

=5
L
=

Arlste} A 4
o] 7}% Ao, TiO% SLSE ;uy}s}oq

43 f-PbO 2t} 2A et

l**i}J—J HHEHY

[] [
Sk lay

Fohh @
$AEY F29)
, A4%el o 2393 ¥ 4 s

& 58 olshde AATZ ¥

Kol zaA o}
2% A=) A4 9
XRDE &3]

g IrO (110), (101), (211)He] AAe] A

At @38 1.0M NaOHA A A#H AL AAds

galof A Ir0,~TiOy/Tigl ol

SR

XRDEA Z3+Z Table 59 el ict.
APFARAS] @-Pb0,7F AujA o R ebton ekzl

g]

A P07} e H=ZZ AR @
“PbO,= (111), (202), (110), (021) W02 W

d92 fFPbO=

Pb0,/Ir0,-TiO,/Ti

Table 4. XRD Intensities of IrO,-TiQ, Layer on Ti-substrate

@-Pb0,% 9]

(110), (011), (121)e¢} =& 9
AEo] vehgeh SLS ¢ TiO,2¢ F7lete o
flel A2 fFPLOAEF
XRD ¥4 7Z3-F Table 6 vehhgict.

Phase IrO, TiO,
d 3.17 2.58 1.7 3.25 2.49 2.19 1.68 1.63
Face index (110) (101) (211) (110) (101) (111) (211) (220)
I,/1 48 44 27 100 50 23 59 20
Sys. tetragonal rutile/tetragonal
Table 5. XRD Intensities of &PbO, Layer Electrodeposited on IrQO,-Ti0,/Ti-substrate
Phase B-PbO, aPb0,
d 3.51 2.80 1.86 3.82 3.13 2.73 2.61 1.84 1.80
Face index (110) (011) (121) (110) (111) (002) (021) (202) (221)
I./1 13 11 9 21 100 19 20 27 17
Sys. tetragonal orthorhombic

Zg3s, A7A A 63, 1996
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Table 6. XRD Intensities of TiO,+ B-PbO, Layer Electrodeposited on o-PbQ,/IrQ,-TiO,/Ti-substrate

Phase BPbO, -PbO, TiO,

d 3.51 2.80 2.48 1.86 1.52 3.13 1.84 3.52 2.38 1.84
Face index (110) (011) | (020) (121) (112) | (11D (202) (101) (002) (200)
11/1 100 96 32 68 18 10 3 16 4 7
Sys. tetragonal orthorhombic anatase/tetragonal

Fig. 5. SEM photograph of the various metal oxide surfaces.

(a) : IrO-Ti0y/Ti, (b) : B-PbO,/a-Pb0,/Ir0,-Ti0,/Ti, (c) : B-PbOs(S. L. S)/e-Pb0,/Ir0,-Ti0,/Ti,
(d) : TiO,+ A-Pb0y(S. L. S)/a-Pb0,/Ir0,-Ti0,/Ti

AZER $FAS ERDAUAE TI0S FH5  We FPLOS (10108 A Tio,e) 2dwe]
Aol & 3%E F Ao AEnh 43R T EAsdnh S/ RAASE 24045 gHage
Z, AWHCE 4% ARDYe] Foshth By skt 24 $85] fom, oS WS
AAe) FPOO7E Aoz debton TiORRel i ARERYH} SeiAE 49 39 shjs @
YA PLOZA A EASUT ] o A ERER 7]°J'I~‘= Hele9]. 2 2744
PvO, 2= AAstoch. 58] (110), (011), (121) AR 5 AFE e SEMEAZILE Fig. 59 1}

J. of Korean Ind. & Eng. Chemistry, Vol.7, No.6, 1996
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Fig. 6. Plots of durability vs. current density on
various electrodes in 5.0M HCIO, for 72hrs.
(1) : BPbO,/Ti, (M) : A-PbOLS. L. S)/
Ti, (A) : TiO,+ B-PbO,(S. L. 8)/Ir0,-Ti0,/
Ti, (A): TiO,+BPb0,(S. L. S)/e-Pb0,/
Ir0,-TiO,/Ti
e it
IrOz-TiOzi‘E -9—%1}-“2]?_& %EH% Eo]% Hv_]":a ':'L:‘
48 FPbO2e AuiA| AHEo] 2A AAT ¥
e 2ok 22 SLSE st A

A
PbO,= EHE o 7)elsiA A4
Ao AR} Aopxle AFE B

WEo 2% ARtAL SLSE e

B-PbOg} ¢4 3] th2 ZAHHE Ealnh

3.4 olptgictel LY & o3 2

2 2N AT A AT WA
7l 9i5ke} 5.0M HCIO4%44 3 7 AF=e)4
7207 AT F ATLEEEE S

Z A3

BPbO,= 60A/dm® °]4re) A
23T A9 2EHo &30 &
B59q Ir0,-TiO7} EAEd =

7hstsed, 149

gs3tsh, A 7A A6, 1996

FE5
50
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S b
%
£ 20
s A
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2
50 -
oLl | 1]
60 80 100
Current density(A -« dn™®)
Fig. 7. Plots of durability vs. current density on
various elctrodes in 5.0M HCIO, for 360hrs.
(M) : TiOy+ B-PbOy(S. L. S)/Ir0,-TiO,/Ti,
(A) 1 TiO,+ B-PbOy(S. L. S)/a-PbO,/Ir0;-
TiO,/Ti
anss) As) dashe AoE Mo sl
de mRRss) As g3 A3 AL T
sto] YEAe] $radS ¢ 4 Sk oA AL =
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Table 7. The Current Efficiency for the O; Evolu-
tion on A-PbO, Electrode in Various
Acids at 80A/dm?
cathode : 18-8 stainless steel,
addition agent : 2g/ ¢ NaF

Acids(5.0M) Current efficiency(%)
HCIO, 3.8+0.3
HBF, 15+0.3
H.SO, 11+0.4
H.PO, 9+0.4

Table 8. The Current Efficiency and Durability
for the O; Evolution on Various Lead
Dioxides in 8.0M HBF, at 80A/dm?
cathode : 18-8 stainless steel,
addition agent : 2g/ ¢ NaF

Current Weight-loss
Electrode o
efficiency(% ) [ rate(mg - KAh™")
F-Pb0,/Ti 16+0.4 128
BA-PbO,(S.L.S)/Ti 22404 96
B-Pb0,(S.L.S)/
110, TiOL/Ti 19+0.2 6.8
TiO,+ #-PbO,
(S.L.S)/a-PbO, 25+0.3 5.2
/Ir0,~TiO,/Ti
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(a) (b)
Fgi. 8. Photograph of TiO,+8Pb0.(S. L. S)/a
Pb0,/Ir0,-TiO,/Ti before/after electrolysis.
(a) : before, (b) : after
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