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Oxygen Evolution Overpotentials of Lead Oxide and
Ruthenium Oxide prepared by Reactive Sputtering

by Masami TAGUCHI?", Hiroki TAKAHASHI? and Tomoya TAKAHASHI?

a. Graduate School of Engineering and Resource Science, Akita University, 1-1 Tegata Gakuen-
machi, Akita 010-8502 Japan (*Corresponding author, E-mail: taguchi@ipc.akita-u.ac.jp)

The Pb oxide and Ru oxide films with various compositions were prepared by reactive sputtering using mixed
gas of Ar and O,, and those anodic polarization properties were investigated in a 150 g L*! H,SOy solution at
303-333 K. When O, amount of the Ar-O, mixed gas was 25 vol.% or more, the product thin films were identified
as mixed phase of 0-PbO, and B-PbO, for the reactive sputtering of Pb target. On the other hand, the products
were single phase of RuO, for the reactive sputtering of Ru target at the same O, amount of the mixed gas. The
anode potential of the metallic Pb thin film was equal to that of the PbO, thin film at the current density of 10 mA
cm2 or more. So, it can be judged that the surface of the Pb-based alloy anode was covered with the PbO, at 60
mA cm2, which is a typical current density during the operation of zinc electrowinning, and the oxygen evolution
overpotential of the PbO, determined the bath voltage of the electrowinning. Moreover, the anodic polarization
measurement showed that the anode potential of the RuO, at 60 mA cm2 was about 560 mV lower than that of the
PbO,. Therefore, the remarkable decrease of the anode potential for the Pb-based powder rolling anode, in which
the RuO; powders were dispersed in the Pb substrate, was probably due to an extremely low oxygen evolution
overpotential of the RuO, in itself.

KEY WORDS: Oxygen Evolution Overpotential, Lead Oxide, Ruthenium Oxide, Reactive Sputtering, Insoluble
Anode, Zinc Electrowinning
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Fig.1 High-frequency magnetron apparatus for reactive sputtering.

T 720D, PbB{LMHEIE O 2 b NS & W & EPMA I &
U XRDIZ X BT CH LM LTz, £ LT, BERETRTOT
7 — ROy fadh s & BE SR TR & BRI L, Pb AR (b HERR o fH Ak
BIOMELEWH EBFRBEEOGREBLE L, S5, MGH
A8y 2 THERE U 72 Ru bl B U C b AR D 2R A2 1T W,
S0 Po LM DRSS & el Z & T, Pb JLHiIHIZ RuO,
By R A 45 ST Po FWYRITIE T / — R OfRFBELIE T O
Rzt L7z,

2. B A &
21 RIGHR/NYZITELS PoBALMBES & U RuBkLE
fROER

Fig. 1121, RISHERA Sy ZICHWEERA~ 7% ha v 2
X Z 4 E (JEOL, JEC-SP360R) % 79, Pb [ (L Wy i i o> 45
HITWE, Z—% >y MTHEPb A CGFLEE 99.99 mass%, [E.£% 75.0
mm, EE 1.0mm) &, Ruf(bBEEOLE 0%, Bl Ru IR (i
F£99.99 mass%, EAZ75.0 mm, JEX 1.0 mm) A L7, FEK
W20 Ti 98 (HEEE 99.5 mass%, JE 0.05 mm) HDWNEA T A R
7 A (MATSUNAMI, S2111) &M\ 7z, HEMIE, FTEDRIZY)
WrL7-%%, BENEse Tt b oh e Lin, Bl
B0 723 RV H —% T X —NICERE L, K72 ks 2T
THEZPER Lz, S5, A2y X DK 3.6 ks BICIRIKER %1
AL, BZefEr RS, Fy o N—NOBEZERER 20X 107
PaL I FICELIZE AT, vA7ua—ay he—5— 280k
6.0 ml min™ (CFHEE L7 RSN R 2B LTz, RUSHES 21
X, BRFEIEFE D EL 72 % 100 vol.%Ar, 25 vol.%02-75 vol.%Ar, 50
v0l.%07-50 vol.%Ar, 75 vol.%02-25 vol.%Ar 35 X T 100 vol.%0;
OS5 FEEE RV, BEF v o N—NORTEE20Pa —EE L,
100 W TF' T A~ 2R E ST, 20, 600s /LAy
X% FERE LT2%, 3.0 ks DA A Sy X 247720y, Hb B etk
AT Sz,

BURAE A 2%y 202 X 0 B L 7= Pb b 4 # A 38 & OF Ru g
LW o I fe AL AR &, IR 2 8O0 X B0 e 4
ff & EPMA (JEOL, JSM-5900LV) 72 & UNMZ 4% Y X 47 e 45 &
(SHIMADZU, XRF-1700) (2 X > TH#r L1z, &512, (AW
ZRET 272012, X HREWTEEE JEOL, JDX3530) |2 & 55047
AT o7, XBROERICIE Cu B EkE H\V, EEIEIL 45 kV, EE
% 200 mA, HIEFDHIL 20 = 20 ~ 100° & L7z,

2-2 F7/—EHERIE

Ti FEAK RIS VERL L 72 Pb BR(L TR & 2 W Vi Ru BB AL A HERR 2

AEFEMICINT LT, 7/ — RaotlEs i Lz, 77205,

© 2016 The Mining and Materials Processing Institute of Japan

® | @b A:aPbO, W:p-PbO, |

100%0,

50%Ar-50%0,

Intensity (Arb. Unit)

B
. € 100%Ar
&
l ll e 7 -
T I I T ‘' T T 1
20° 30° 40" 50" 60° 70" 80" 90" 100"

28 (CuKa)

Fig.2 XRD patterns of various Pb-based thin films prepared by
reactive sputtering using mixed gas of Ar and O».
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Fig.3 XRD patterns of various Ru-based thin films prepared by
reactive sputtering using mixed gas of Ar and Oy.
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Fig.4 Relationship between oxygen amount of reactive gas and (a) O/Pb atomic ratio of Pb oxide
thin film or (b) O/Ru atomic ratio of Ru oxide thin film prepared by reactive sputtering.
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Fig.5 Anodic polarization curves of Pb thin film prepared by reactive
sputtering using 100 vol.% Ar at various temperatures.
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Fig.6  Anodic polarization curves of Pb oxide thin film prepared by

reactive sputtering using 100 vol.%0O; at various temperatures.
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Fig.7 Anodic polarization curves of various Pb-based thin films prepared by
reactive sputtering at 313 K.
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Fig.9 Anodic polarization curves of Ru oxide thin film prepared by
reactive sputtering using 100 vol.%0O; at various temperatures.
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Fig.8 Anodic polarization curves of Ru thin film prepared by reactive
sputtering using 100 vol.%Ar at various temperatures.
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Fig.10 Anodic polarization curves of various Ru-based thin
films prepared by reactive sputtering at 313 K.
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Fig.11 Anodic polarization curves of Pb oxide thin film and Ru oxide
one prepared by reactive sputtering using 100 vol.%0; at 313 K.

Table 1 Tafel parameters of oxygen evolution current on Pb oxide thin film and
Ru oxide one prepared by reactive sputtering using 100 vol.%0> at 313 K.
. n
a b 0 at 60 mA cm™
A% mV dec mA cm™ \Y%
Pb -10
Oxide 0.810 82.0 1.34 X 10 0.955
Ru %1073
Oxide 0.216 94.3 5.13X10 0.384
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Fig.12 Tafel plots of oxygen evolution current on Pb oxide thin film and Ru
oxide one prepared by reactive sputtering using 100 vol.% Oz at 313 K.
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Fig.13 Arrhenius plots of oxygen evolution current on Pb oxide thin
film prepared by reactive sputtering using 100 vol.%0O>.
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Fig.14 Arrhenius plots of oxygen evolution current on Ru oxide thin
film prepared by reactive sputtering using 100 vol.% O5.
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Fig.15 Activation energy of oxygen evolution reaction on Pb oxide thin
film and Ru oxide one prepared by reactive sputtering using
100 vol.%0;. This figure has the data for pure Pb and Pb-1.00
mass%RuO; anodes prepared by powder-rolling method.
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