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Abstract— The phenomena of NEMCA(non-faradaic electrochemical modification of catalytic activity) has been studied
on metal oxide catalyst electrode in a solid electrolyte cell. The V,0 catalyst electrode doped on YSZ(yttria stabilized zir-
conia) served both as a catalyst and as an electrode of the solid electrolyte cell; CO, O,, V,04/YSZ/Ag, O,. The V,0; cat-
alyst electrode under open circuit condition played a role of the regular CO oxidation catalyst. Applying current to this sys-
tem, the catalytic activity of V,0; catalyst was much higher than under open circuit. When CO partial pressure was 3.2
kPa and current of 50 uA was applied, the reaction rate was enhanced to 7.7 10-° g-atoms/s and the enhancement factor
(A) was 28.2. It seems that the decrease in the covalent bond strength between V,0; and adsobates, resulted from the ap-
plyed current, enhanced the reaction rate.
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thA] AAe7tA] A3 WZHAIFe. AR YSZ disc®] A §-2 24
mme] T F7lE= 1.5mmolgict. 244 disc7|E] & A& A3l
7] 914 2] F9 YSZ £AE ¢lol7] $18 SiC paperZ A3}
T ot oA 2 &2 A F, FFHFR dol A=A

2-3. 1A dsEdel 7o

$]ellA] THE YSZ disc®] IERL Ag paste(EF3A D-500)%
screen printing B 2.2 93], 120 CellA] AxAIZ] ¥ F71#4
71914 600 °C7HA] 2 C/min2 23} 7L 2%elA 2417k B2t @
Ajste] dolglE #7141E AAsIch W FedS
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Fig. 1. Structure of the solid electrolyte cell; top(a), bottom(b) and
side view(c).
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Fig. 2. Schematic diagram of the reaction system using the solid
electrolyte(YSZ) and catalyst electrode.
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Fig. 3. Transmission electron microscopy of V,0; sol by melting
method.

HESH 3t 2, whe3 71419 270y AFEHA Fa] o)
A|A AR 5te] ubg7] BAdo] CSTRe) 7hgta 724 0] vhe7]W)
ZA 3 gdsicla 71 st

HR71E 322 1y 2R FAYE AT 7
X414 24 g o5 PID controllerZ AHE3) 29 2% 2 300-350
CE AAgch. Bollol Y oE 7145 &4 chamberS £3}A7A
200°C2 frA=3= A97) 8 $3A7 & uker)2 vyt 8w
WA 82 TCDE A3 GO(Shimadzu GC-8A)E. on-line A}l
4 #43kAct. o]g) GC column®] €% 120 °C, inj/det L5 =
150 °Col ST He7 | Al 15 mi/min © 2 EejZFgic). A7) shsbaql Al
%2 galvanostat-potentiostat(JEC-P100, JSE Co., Ltdy& AR2-3)3ic}.

3. &0 o T

3-1. V,0; Z0§M3Q] SM=A}

Fig.39] $-§% 22 HE vh}f 29| TEMARI 0 2 2E] 29 3
E7F A BFA 70 vle 2 A4 wia) 298 Baler
A%t} o] Livage[11]7} metavanadate LA o] &3 AH AL
vanadic acid & 5537 e vhE 29 o} ulas 2o o)
T FARlchs g 4 5 ik oleld mE R 2 vk 28
3o g S XUE 3L WS 4 9lo}. Fig 4= YSZ 9o u}
W F8 ZHEE 450 CollA 24 AR £9) ER(a)7} D b))
ARIEOTEE (b)llA] & <= gl5e] TEE whlE Sof vk
EohEt 3 T2 3w YL o 4 e = wule) o
FAA & £ giRel ZHR vhbE 29 T o 0.5umo]d
YSZo} & FE3w 9142 ¥ 4 otk 283 V.00 28 7]2o]
3] 23 dejelm g YSZERE] T 07 & V,0,0) AR
B3 ol el givhs AS B2} o)y HAL whlE
71l A A7E F4 ¢ 4 glsith12] V,0/YSZ/Ag Al AR
22 Y S A 9 252 vl E 29 LT UL 1y
(600°C o4 &2l 749 == vhlE9] Yo| sh oja) 7o
S& {3t o]FA WA ¥ )it SEMAIRIS Fig. 5o ¥

b o

H&pES M35A M3E 1997 63

Fig. 4. Scanning electron microscopy of V,0/YSZ after calcination
450 °C).
(a) surface view, (b) cross section view
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Fig. 5. Scanning electron microscopy of V,0,/YSZ after over-heat-
ing(600 °C).

(a) surface view, (b) cross section view
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Fig. 6. Comparison of the experimental value of open circuit poten-
tial(OCP) on V,04/YSZ/Ag and Ag/YSZ/Ag with the theoret-
ical value by Nernst equation at 400 °C.
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Fig. 7. Change of open circuit potential(OCP) as a function of gas com-
positions on V,0,/YSZ/Ag; P.=3 kPa, P,,=20 kPa, T=400 C.

2)s} 7k OCP] 7}4a: Okamoto S[13-16]0] =38 A-T-ollA
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Aol Ptatellx] 24F OCPE Nemstd] o 2HE] A4k OCPRrt
Acke AR 2R 438 £ ook o]’ AL Pl CO7t
Abs}s) = ot Prol] 2% CO%t Abhellx] Al s 0% 2 A
713kebd ukgol| o)s) WS &9 (mixed potential)el] 213
ZAolc}. w3t Fleming[171 o]21% Aitgtst F4 X9 Aol o5
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7ol vpelilet. Fig 794 HojF5e] 271 V054l Akart 9l
< o) A= OCPE < - 135mVejgles CO7t A7t OCP
& AZkell we} zhasted - 185 mVelA s let. AbE A7 s}
2 ukg7Iy ol Qb Abavh V.ot FAE Abel whgEhe
CO2| Abshakgo] Abiole wsubguct $-A8x OCP7h -220
mV7hA) ZHagcka $A8E S glch 2ev AkeE Avkehd oAl
COs} Aba7} o) Ael2 Eolr} FYE OCPE HAlch. o124
CO &AstellAlE V.0l S ezt wAdhe ¢ 5 9lx, CO
o & f-oll e} 7t d o2 dAY OCPEE Hehd 24 Vi
OAfellA CO Abshikgo] Aag-g -z A=E 4 9l
7} CO ¥ %ol ©hE OCP2] M 3}HE Table o] vrehiict.

Table 1. Open circuit potential(lOCP) with CO partial pressure; T=

400°C
Pressure(kPa) OCP(mV)
0 -135
2 -190
4 - 200
6 -204
8 -211
10 -214
15 —220
20 -225
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Fig. 8. Effect of temperature and CO partial pressure on the rate of
CO oxidation for V,0; catalyst.
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Fig. 9. Rate changes of CO oxidation with CO partial pressure on
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: electron

: open circut potential of solid electrolyte cell [mV]
: Faraday constant [96,500 C/equi]

: current density [A/cm’]

 electron number

: pressure [atm]

: reaction rate under OCP [g-moles/s]

11— 1, [g-moles/s)

: gas constant [m’- Pa/mol-K]

: voltage of catalyst electrode [mV]
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