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Abstract— This tesearch is aimed to manufacturung of lead dioxide electrode having high electrocatalytic activity and du-
rability for the ozone evolution to treat waste water. The characteristics and electrocatalytic activities of B-PbO, deposited
electrochemically on titanium substrate by added anionic surfactants such as sodium lauryl sulfate, sodium dodecylbenzene-
sulfate in HCIO, supporting electrolyte were investigated by using XRD, SEM, cyclic voltammograms, and macro-elec-
trolysis. Results of XRD analysis ascertained that B-PbO, films electrodeposited in the presence of anionic surfactant have
the same tetragonal structure as pure B-PbO, films. The SEM results showed that these anionic surfactants tend to diminish
crystal size of the deposited layer. The B-PbO; electrodes electrodeposited in the presence of anonic surfactant improved sig-
nificantly electrocatalytic activity for anodic oxidation of dimethyl sulfoxide, benzaldehyde in 1.0M H.S0. supporting elec-
trolyte. The observed electrocatalytic phenomenon is concluded to be the beneficial consequence of surface activity gen-
erated on ceposited layer when anionic surfactant was added to electrolyte, and surface activity increased surface sites ca-
pable of adsorbing hydroxyl radical which are transferred in the anodic oxygen transfer reaction. Electrade performance and
durability for the evolution of ozone in perchloric acid solution with using lead dioxide electrodes electrodeposited on ti-
tanium macdras have been investigated. It was ascertained that the PbO, electrode electrodeposited by adding sodium lauryl
sulfate and NaF in HCIO, supporting electrolyte showed the highest current efficiency and durability.

Kev words : Waste Water, Lead Dioxide, Electrodeposinon, Electrocatalytic Activity, Oxygen Overvoltage

LM s wpl o 2 )R o axepi S o] 48k qlont 2Pl daae)
o 2]} 4~ F ukelEal 2 otedz] THM(trihalomethane)2] 4]
1970 eh o] F 53k Al ©A)e) QEAlFshE <la) oA o] A|goll uje} 9 Fol olah Sx)2)iol F4lo] UFH 2 ek

o st ofjel ARl o Aelsh] ofd

+
4o} w2 S esiel Azbel Al glol). 5

I E R L e@e qhsielo) Zalo] o] AHE, Akl W AR 2
oW sadel  AS SAARA ol guef ghov, YaE heH HFH A z}%l

218




SERIREREED

vl

& n3 Qeh 22 Fe Aol o) Xﬂikl i gtz o]
AS 2ze) AN Fa7t Sl dojubnl 1% URT F HS
]

[-2%. AP T ARSR 7Sl 4-6%2] F2 iﬂE"l & ufel

AEA 3 31 E AEE E 7S NO, o) TalAd akEe] B4

TAREYS e dafilel o3k xR F o2 Al gEE
oA (PoO)2- vl M7 2 ge] whw abavbddghe] 7] o

pis

of el W gaaFe) A A7, se] ke 714

;

A o) epFnme s el AHEAH). elabshd 433 ol
g se) AR A7lea, ool w folus i o

FFAEsHES-o| o]al o] Fo Al 4= gl

G gl dellx] ki ke of s o Fo]H)ui, A4t
S 8-l ol 4] plshateFZ A 8H3HE (nonstoichiometric compound)
PbO(1.9<x <2.0)24 kol Hall HEE|ea] A5 o] 4bshyte)
72} A gh(lattice defectsy- oFF4kA #Hukib-S-(anodic oxygen trans-
fer reaction)ol] Fofed ah-g- dhul v v y1g]e] gl 4],

o[4bshuhe- Abdvbaisle] & W F A Fabs ) Holdh Holg
7}2] 51 gled toluene, p-xvlene. naphthalene, aniline, starch®] §7]4
&) AbFpubG-oll oFFxlg R *}-9‘54”?[5]. Mol vlal Aol gl
Lug Y2 &5 f7] Y 5ol dell3Ae A3t 8o
7R Elch 3 o)Akl MRz A ule) o ¢ B Hxo] A A

7F A Z& v}, AP Al (orthorhombic) F%.9] a—PbO;—E} g
Aol A HEF 2 YukAd Al (tetragonal 28] B-PbO.= A A 8
Aol 2] A EF=d o5 F o] 7| Ra], Sk W ok}
8 A 7R Abaspste] #2 B-PbO.7} f-Eatr[6]. et &
e B PbO. K =Fe Abqizl o @2 F 9 8} oL_J.usHsh}Mn} o] ¢jof 2;
T2 A7) °‘7| w el (7], 2 ol Abgla S W gl
Held ogh L& Ae daviate] 7] el 24 B-PbO.KI<Fe) oF

FA A Hukgof olgh Aol A ) W3S sEAFA] T Fle

R RS R A
Holr},
olabshd el A Fabrletr) kel F-atoll o) alojuhi= A
A HGRhEL o3} ol oAbt 4= glr).
PbO.+H.0 — PbO.[OHJads +H +e )
PbO.[OHJads+R - - PhO.+RO+H +¢ 2)
ZF7l2: R+H.0 — RO+2H +2¢ 3)

047111 R:HbS4 RO AFSAY AL S
2l F-ukga Aoz ot 4 ols Abah Al Fkg2

(4)9¥ 2t
PbO.[OHJads+H.O ~ O.+3H +3¢ “

Qe (@) e Ak e R e ()2 4

N 1\4 L]—H],-L} 71»‘04 A}all AJ UHB]»O 0 %}Aj’o] 1‘“‘ B-Ph() H:l‘a‘
AAA 717 f)ste] B-Felg4al Blebgal A Aol shed sk Hot
g bl s el A K Abg st

HEAIR Y] 2ol R d7kxe] deks 7Esly] flsle 7HE
F71H7HE Mol dabdagqelld Akl o) absyt l Ab4
SpAse Grslich 2§ Abashaste] o ekt BPb02] 4
=548 XRD, SEM. AES, cyclic voltammograms S & t’:ﬁ 5}%{1
sl 2o 2432 dimethyl] sulfoxide, benzaldehyde®] ofFAbs}ol] st
3 4 oled vl YESlek e UAl Fl datel o
& AHLE Hoka] 1) ohizel sl Elebirad %) Al |45k
NHe BN 9.2 el iyt kIR NS Fa) AT A%
WS 7 Esiet,

S8 o ey 219

2. Y

W

2-1. AleF A XIXIHZS FA 2]
ol Abzbytd 2hof) k}~9‘3} Pb(NO.)., Cu(NO,)i= Aldrich#d] A<k
©] 31 H,SO,. HCIO,, NaF& Junseidl. %713 7}4]%= 25 Hayashi],
sodium lauryl sulfate, sodium dodecylbenzenesulfate, polyethylene glycol
triton X 100, guar-gum-2- LGH|, oF34b4 Hdubgof] <123} dimethyl
sulfoxide, benzaldehydet= Wako#| 5-Fx]ekolgict, 23t 2| z] 2| &
Beby 15% 2ehe-g Piehs nugon, 4ust =272 dgd
gk & trichlorocthyleneol] 24417} %14 2] =2]8F o} 3% HF 5=
ol A 357}, 80°C2e] 60 % 3H4F Foll 2] 2087}, 80 C2) 10 9% -24kAb
ol 4] 3417} ol A 3ted M 2] sheic).

2-2. ME o|AtspdE IOl MiEt

el C 8 oF 52 7 3}o] 18-8 stainless steel-3-23 1jolof] 44
At oulee B8 A "alzde), & 1.0M HCIO, =] %)%

ol 560 g/12] PHNO.).. Cu(NO,). 30 g/l daf ol g 7|3 2
Aoz slo] ofzlel] g fIIHTIAE 1 wio) ¥ Hvtbslel &
= 65-70°C, SAMdme] il wel ] o] 4bshihe WA e}, o
2 a8 AT 2ok 2 el 2 AL 2o JE%—%‘?.@E.
Ikl E-JEJr"‘ UP‘-EH"—E- 0136}04 fil ’“lii“r! A=rel WA
o5 “H TLH al:Al—--—

-n-l

23, atmo| BoiEs

A olabsinte] A FRE HEsly| gsle] kil o3k X-
A 3" B (XRD, Geigerflex, Rigaku)}S- 815} o vl o]4bsbste] 7
YES AZE PO, 2H S 2(AuC.2 FE s A 2L TAbel o]
(SEM. Hitach, X-650)% ]88} yhabajoic). gl H-Fmwie Fol
Lol ¥-l= A A} 5] (AES, v] KATOSAF, KOO8 e))2 182

ol #H P 15KV oA, 05umAF. 5 Vel 2% £uol
A EAjsleiel.

24, T3 OlISIEHEIo) TR &3

18-8 stainless steelTH-g =05 s} 7+ H2b# Mol 4 4 244} o)
A H(A=0254 em’y S k2 2 3jed 1.0M KOH 3-89 of 4]
Abaubdub2of didt cyclic voltammograms(e] &} CVeb A e =
Al CVEYH 9 = F3b2 2 ol dZHSCE: saturated calomel elec-
trodeyS 7|50 2 slod Zslei o], Azt gl o @ olal =gk
7+&Hohmic dropsys 3 4:3}s}7| Y& Luggin capillary & Abed=:
ol #elgh 2 A ddd sl

1LOM H.SO, A= s)&e4] 10mM dimethyl sulfoxide, benzal-
dehydee] FSA1s) Aol 11515 Fab7] el o] Qe A E ol &
& 1.40-1.80V vs. SCEQ] F4pH ] 2 ofztabsto] djgk CVE 2
slgict. o 4315 B2 dimethyl sulfoxidei= 1.70V vs. SCE. b
zaldehydet= 1.65V vs. SCE2] % $igh-s ofFAtslajeolz e 7}
2] 3} RS- 1 ALts 0] Z A S sl

Az ol4ksbyt e~z (RDE: Rotating Disk Flectrode)&
o] &3 L2 a4l Al (5) ] °]6}{ i vs. o'
e BSEEAT(Ks)yE, 71271 246 dldshe whed 2 (n)yE

ﬂ“

fon

=3

Fg dden

“ahedct
ot L1 )
i nFAKsCO  (.62nFAD v "°Co o' 2

©37]4] D : diffusion coefficient(cm’/sec)

HWAHAK KONGHAK Vol. 35, No. 2, April, 1997



220 77
F : Faraday constant
Co: bulk concentration(mol/cm’)
v kinematic viscosity(cm’:s ')
o  rotational velocity(s ')
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Fig. 1. Cyclic voltammograms for the oxygen evolution of PbO, elec-
trodeposited in the presence of various additives. Scan rate:
60 mV/sec.
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Table 1. XRD peak intensities of a- and B-PbO, electrodeposited in
the presence of sodium lauryl sulfate or sodium dodecyl-
benzenesulfate in 1.0 M HCIO,, no stirring

Phase a—PbOl B-PbOz
Additives~facet (110) (111) (02) (202) (110) (101) (200) (211}
NA - - - - 75 100 26 S8
NaC,,H.;80, - - - 85 100 56 28
C,;H,sC,H,SO:Na - - - 68 100 32 72

NA indicates that the anionic surfactant is not added during the PbO,
electrodeposition in 1.0 M HCIO,.
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Fig. 2. The surface morphology of PbQ, electrodeposited by adding
C;H,:NaO,§ or C3H,NaQ,S in 1.0 M HCIO,.
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Fig. 3. Auger electron spectroscopy of F-PbO,/Ti electrode.
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Fig. 4. Cyclic voltammograms for the PbO, electrodeposition on Ti-
rod by added C,,;HNaO,S or C,;H,,NaO;S in 1.0 M HCIO,.
Scan rate: 60 mV/sec.
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Fig. 5. Plots of Vi vs. 1/@'”? for the oxidation of 10 mM DMSO at
various PbO, electrodes in 1.0 M H,SO,.

Table 2. The rate constants for the oxidation of 10 mM DMSO at
various PbO, electrodes in 1.0 M H,SO, solution

Additives’(1 g/l 105~n-K,(eq cm-mol 's ')

NA 0.0
C,,H:\NaO,S 135
C«H:yNaO,S 56

a) The anionic surfactant is added during the PbO, electrodeposition in
1.0 M HCIQ,. NA indicates that the anionic surfactant is not added dur-
ing the PbO, electrodeposition in 1.0 M HCIO,.
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Fig. 6. Plots of I/i vs. 1/0'" for the oxidation of 10mM benzal-
dehyde at various PbQ), electrodes in 1.0 M H,SO,.

Table 3. The rate constants for the oxidation of 10 mM benzaldehyde
at various Pb0, electrodes in 1.0 M H,S0, solution

Additives™(1 g.1) 1070 K(eq em-mol 's ')

NA 0.0
C,H,.NaQ.S 5.6
CHuNaO.S 8.9

a) The anionic surfactant is added during the PhO, clectrodeposition in
1.0M HCIO,. NA indicates that the anionic surfactant is not added <lur-
ing the PbO, electrodeposition in 1.0 M HCIO,.
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Fig. 7. Plot of current efficiency for the ozone evolution at pure B-
PbO,/Ti electrodes as a function of current density in 1.0M
HCIO, containing 2 g// NaF.
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Table 4. The current efficiency and durability for the ozone evo- A 728 o]}l 7 B3l
lution during constant current density electrolysis at vari-
ous PbQO, electrodes in 1.0 M HCIO, electrolyte.
Cathode: 18-§ stainless steel, Addition agent: 2 g// NaF. Cur-
rent density: 1 A/em’, Temperature: 25 °C
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