Journal of the Korean Electrochemical Society
Vol. 8, No. 1, 2005, 17-23

W) geloln Agel ABHE A4 I L A5 A
B Ag A8HEo] JUE, PAE 2 $F WY F ol o

Bi,0; & H7Ig 8M KOH £94 c}dA Ag A9
7153 A%

(20049 119 179 Hg 20043 129 219 A9)

Electrochemical Behaviors of Polycrystalline Silver Electrodes in
8 M KOH Solutions Containing Bi,Os

Tae-Uk Hur', Yeong-Kyung Kong, and Won-Sub Chung*

Propulsion Source Team, Agency for Defence Development, Chinhae, 645-600, Korea
*Division of Material Science & Engineering, Pusan National University, 609-735 Busan, Korea

(Received November 17, 2004 : Accepted December 21, 2004)

BE

= =

Bi,0; & #7}5F 8M KOH £90A] thdg Ag A=2 A7zlatzel Asa 44" A3ESe] vAz7s H3s
A8l Bi,Os & 718 8M KOH £94o)A Ag AslEiwr o)} 29 Ag-Bi-0O FFEEC] AA=HE A
= UATH Ag) AHEE A A FAME Ag,0 ©19)el, Ag-Bi-O B§HEo] 3 AT 3D A 9
AAAEIL, AgIIEHE A A9 ddolds AgO Bt olg) |22 Ag-Bi-O FES0] 3 47 3D A4
Aol sl WAL Ag) ABLE A AQolM F 7 FAE Ag() AlsMEo] AAEE AL SEM 23X
o3 AZsAt

o @

2 8 >l e

s

1

)

Abstract : The electrochemical behaviors of polycrystalline silver electrodes in 8M KOH solutions containing Bi,O;
were studied under various conditions by cyclic voltammetry, potentiostatic and galvanostatic techniques as well as
the morphology of the silver oxide structures by SEM. It was found that three new compounds comprising silver,
bismuth, and oxygen as well as Bi,03;, Ag,O and AgO were formed during the electrochemical oxidation of silver.
In addition, the potentiostatic current transients were characterized by the appearances of the first current peaks
corresponding to the formation of silver oxides, and the second current peaks corresponding to the Ag-Bi-O
compounds, indicating the presence of the nucleation and 3D growth mechanism, in the potential regions of Ag,O
and AgO, respectively. Microscopic examinations showed that two types of silver (I) oxide morphologies are formed
in the potential region of Ag,O.

Key words : Silver electrode, Bismuth oxide, Flectrochemistry, 3D Nucleation, Silver bismuth oxygen compound.
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3.1. Cyclic voltammetry

Fig. la& 1X10°M Bi,0; 5 H7Ht 45°C, 8 M KOHE-H
A E.=-0.6 V~E,=09V Ale]9] ¢ 7oA 15 mVs'e]
FAEE R AARE Ag AF9] AE AR cyclic voltammogram
< UeRd Aolth o71x, Agd] A8l ml=3E0] vehbr] o)d
o, shte] 2avk Fa A7 Ve RS € 5 ok st
A w3 AS FEHF H2 G A (Wl vERE AAE
A THA Bi,0; o 4tst 2 3 A F&o] o>

Bi,05 + 3H,0 + 6¢ = 2Bi + 60H"
E=-0.576 V vs. Hg/HgO. (1
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Fig. 1. Cyclic voltammograms for polycrystalline Ag electrode in
8 M KOH and 8 M KOH with 1X 10" M Bi,0; at 45°C and 15 mVs™!
between E.=- 0.6 V and E,.
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Fig. 2. Cyclic voltammeograms for polycrystalline Ag electrodes in
8M KOH with 1X10°M BiO; at various temperatures and
15 mVs'! (5th cycle).

3.2 Potentiostatic current transients
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Fig. 3. (a) Potentiostatic current transient curves in 8 M KOH
containing 1X10°M Bi,O; at 45°C and E. (b) Subsequent
stripping voltammograms at a sweep rate s=5 mVs™,
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2 0% ¥33te SIFEe A TRl e Aoz A
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Ag + BiO, = AgBiO;+ ¢ ©6)
Ag20 + Bi203 = 2AgB102 (7)
Ag,0 +2BiO; + H,O = 2AgBi0O, + OH 8)
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Fig. 4. (a) Influence of the repetitive cycles on the potentiostatic
transient curves in 8 M KOH containing 1 X 10° M Bi,0O; at 0.28 V
and 45°C. (b) Subsequent stripping voltammograms at a sweep rate
s=5mVs.
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Fig. 5. (a) Influence of repetitive cycling on the potentiostatic j-t
curves in 8 M KOH containing 1X103M Bi,0; at 0.31V and
45°C. (b) Subsequent stripping voltammograms after 5th cycle at a
sweep rate s=5 mVs'.
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A 1202 B¢ A AL Fel 031 VellA] potentiostatic j-t
transientZ 2334 th Fig. 5904 & WA AlelEeMe 5=
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A7} B} & A7k AgE R ohel, 93 AR d=
7FhRe A€ € 4 Utk 53], vl ®iA Alo|EdMe F
9] 9=, P 3 Pt AAE RE Bk #EE itk
o} 722 e AgRIEEES] ¥ A s 4 AAE
3 FGFH FAES U Bol AFshe ¥ H(reformed) Ag
el #H A7) Wzl 71AEH, 8 M KOH §olr
¥ potentiostatic j-t transientS3 UX3h= A S Jehdch
S o]E9] stripping voltammogramsollA] A= wlA Oy,
< Fig. 3bol Uehd 239} Akt AsS vepdch mabA,
o] A= &4 Uof & B0, Ag T Ag,0 AboloiAl
AE W AEE] LS ovjshke 9T F2 Gt F
A Pyt MR TR #EH ke FA7F 2 7 ATk
Fig. 62 #3 A, 99 sl"3hz 0.61 Vol WHEAQ] Alo]
Z 3e9] Z7)o] wE potentiostatic j-t transient®} stripping
voltammogram®] W3}E Jepd Aoty Ag A= fAAH o=

O X ooy &
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Fig. 6. (a) Influence of repetitive cycling on the potentiostatic
current transients for polycrystalline Ag electrode in 8 M KOH
containing 1X102M Bi,O; at 0.61V and 45°C. (b) Subsequent
stripping voltammograms after 5th cycle at a sweep rate s= SmVs'.
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Fig. 7. Galvanostatic polarization curves for polycrystalline Ag
electrode in 8 M KOH containing 1 X 10> M Bi,O; and 8 M KOH
at 3mA cm2 (5th cycle). (a) oxidation, (b) subsequent reduction.
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Fig. 8. SEM micrographs of the sintered Ag electrode under the
potentiostatic oxidation in 8 M KOH containing 1 X 10> M Bi,O; at
045V and 45°C. (a) after 300sec (10,000 %), (b) after 600sec
(10,000 <), (c) 8 M KOH (10,000 X)
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(b)

Fig. 9. SEM micrographs of the freshly sintered Ag electrode (a)
5,000 X and the electrode surface after formation and reduction of
silver oxides in 8 M KOH solution with s=5 mVs™ (b) 10,000 X.
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