HWAHAK KONGHAK Vol. 32, No.1, February, 1994, pp.86-94
(Journal of the Korean Institute of Chemical Engineers)

¢zeld ARTXM SH0E AR ATS Sl

4y - o|FY*

rJ
ok
[
4l

THE - UNY - YA -

edista spehgatst, s sheta
(199391 79 129 A<, 1993+ 99 214 A=)

An Investigation on Performance of Oxygen Electrode
with Silver Catalyst for Alkaline Fuel Cell

Jeong-Yoon Cho, Ji-Hyuk Kim, Yeong-Woo Kim*, Hyung-Jin Kim and Ju-Seong Lee*

Dept. of Chem. Eng, *Dept. of Industrial Chem., Hanyang Univ.
(Received 12 July 1993; accepted 21 September 1993)

' <

299 #Yoz Az Zoie} PTFE £4& A3l o|3 72 g 2v odAd A2AFE Azl
Zu)29] H3 PTFE ¥ #Artepe 15 wt%gdch Ag-Bi-Ni-Ti v} A|z4] Bi, Ni, Ti dopant®] Ar}epe zzt
2wt%7t b AAsg o, o] ule MaY AFE AFE AR AFHEE vtk Fo29 JTEE
4kA1717] $8 4 ammonium bicarbonate(ABC) & H71stqith ABCe H 12 AFA 5ol F4=ded, 3
HAA7bEe 2 wt%hdch

Abstract—Double-layered porous oxygen electrode was manufactured with silver catalyst made by reduction
of the silver salt and PTFE powder. The optimum PTFE powder content in catalyst layer was 15 wt%. Ag-
Bi-Ni-Ti catalyst containing dopants of 2 wt% Bi, Ni, Ti showed the best catalytic activity, and this electrode
exhibited stable electrode performance. In order to increase the porosity of catalyst layer, ammonium bicarbo-
nate(ABC) was added. The electrode performance was improved by addition of ABC, and the optimum
amount of ABC to catalyst layer was 2 wt%.
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Table 1. Compositions of Ag and doped Ag catalysts

Catalyst names Dopants(wt%)

Ag

Ag-Ni 2% Ni(NOs),

Ag-Bi 2% Bi(NOs);

Ag-Bi-Ni-Til 1% Bi(NOj);, 1% Ni(NOs);, 1% TiO.
Ag-Bi-Ni-Ti2 2% Bi(NO3)2, 2% Ni(NO;3)s, 2% TiO,
Ag-Bi-Ni-Ti3 3% Bi(NO3)z, 3% Ni(NOs), 3% TiO,
Ag-Bi-Fe 2% Bi(NOs)s, 2% Fe(NO3)s
Ag-Bi-Pt 2% Bi(NOa)s, 2% H,PtClg

oA A4 7bs Fdl 4 T, ALY FHAA
a2el3 A7)k Ao el A vl# {37 A
chol 4] ubslA] 77} 28 s a oci5-9]. ol#d
EAS 71A3 Qe AFC Aigol] 2dolA 71 F83
827&e 3 AFEG Ax P 2 ¥ &
Aol AAs}A X5 o, 34 (three-phase zone) 7}
Z YAY F de TE2E dE 74, ALHF AR
Folr, o] F 44 AT A %& AFCH A5¢ 2F3ke
71 Fad Age)ti(10]. webd & A AFC
2HE Agjel SxojlA] kA E, Abie] HAZuE
33) Afolatm R uE R e & E PP R
A z38}ei(11], PTFE ¥2& AH4, 224 (dry-method)
(12]e2 A= AnATe) A5AHS B3l & &
oo @& Ate mglow, AT Aeids AT
A Azzx 233 Hghet

2. AUy

2-1. A2} U &

&4 & 9 dopant® 71} 22wl g Az 9
# 4] ~}4-5 precursore AgNO;(Showa chemical Co.),
H.PtCls- 6H;0(Kojima chemical Co.), Bi(NO,);-5H0
(Aldrich chemical Co.), Ni{NQj3),*6H:0(Junsei chem-
ical Co.), TiO;(Kokusan chemical works.), Fe(NO;)3
-9H,0(Junsei chemical Co.)e}¢lx, AFEH 2] mac-
roscopic structureS H3}4]7]+= ammonium bicarbo-
nate(Duksan pharmaceutical Co.)3} asbestos fiber
(Kanto chemical Co.) & 59 Zv3 AxA| A7}t
ot} #HAA(current collector) 2} A3 A} A (struc-
tural support) & 60 mesh stainless steel &, AF¢
binderZ PTFE powder(Du pont 7A-J )& A}-8-3lch
2.9)9] Aefe 2% EFA|ekg AR5t

2-2. o ¥ I AHF
2-2-1. &9} AR
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Fig. 1. Flow sheet for production of double-layered elec-
trode.
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Azg Zv|e) FFH= Table 1o viehdl niel 3o
AgNO;¢] #94] dopant®] loading®§-2 2N KOHel
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KOH #=tello)| 23}, AgNOy& #1417]9A ©] o do-
pantd] A5 FHEEE 3ted doped AgE A =3}

e oA AT Al E Fig 1o v
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ste] 2w spA22 A ze Zvle} PTFES &%
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Fig. 2. Morphology of silver electrodes.

(a) Cross section of Ag electrode sintered at 350C .

(b) Cross section of Ag-Bi-Ni-Ti2 electrode sintered at 370T.
(1) Gas diffusion layer
(2) Catalyst layer
(3) Stainless steel screen

(c) Catalyst layer of Ag electrode.

(d) Catalyst layer of Ag-Bi-Ni-Ti2 electrode.

(e) Gas diffusion layer of Ag electrode.

(6) Gas diffusion layer of Ag-Bi-Ni-Ti2 electrode.
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T: Thermometer.
C: Counter electrode.
R: Reference electrode.
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Fig. 3. Scheme of electrochemical cell.

A) 2ps}4] oo, Zu) 2] loading density+ ¢F 60 mg/cm?7}
952 3}9c}. Fig 2 Ag ® Ag-Bi-Ni-Ti2 2uig 4}
£31od 7}z} 350C, 370C oA AFshod All2p3) Ao
wd (cross-section), &9 (PTFE 15 wt% £3), 7}~
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YA x| apel7t WA T, 28|32 AFAHLE Afo]7}
dozd vehd FAatela Yzgic

223 AT 54

o)|2Fz2 A5 o FA AaATY) AFEE-Hgl
£ A (current density-voltage characteristics)-2 chro-
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Fig. 4. Effect of PTFE content in Ag catalyst layer on
the polarization,
PTFE content of the catalyst layers: (1) 9 wt%,
2) 15 wt%, (3) 21 wt%

in KOH sol.: —0.8985V vs. SHE; ©]3}, alkaline hy-
drogen electrode(AHE)) & 2|3 | zt3le] Al8-3hgx,
A AT W FASE AHEks . 545 344
Zuj3o] AsAn HEee WAL 1amv} HES
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AHE Aol A A3 AFLE@gS Bojoermz, & 4
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FA4%5-& sl Yz, W2 EE 70T,
A2 544 6N KOH, wg71Ale 9% AtLE
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Fig. 4t & 229& AH4¢ 439 HA545S
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Fig. 5. Current density according to operation time with
Ag electrode at 0.7 V/AHE.
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%A A= 2wt%d wjuct okt AFAFe] FaFHE
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Fig. 6. Cathodic polarization curves for Ag-Bi-Ni-Ti elec-
trodes as to dopant content variation sintered at
370°C.

1) 1wt%, (2) 2 wt%. (3) 3wt%
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Fig. 7. X-ray diffraction spectra of Ag and Ag-Bi-Ni-Ti2
catalyst layer.
(1) Ag catalyst, (2) Ag-Bi-Ni-Ti2 catalyst.
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Fig. 8. Current density according to operation time with
Ag-Bi-Ni-Ti2 electrode at 0.7 V/AHE.

Table 2. Comparison of BET of silver catalyst and silver
electrode catalyst layer

BET(m?/g)
Ag powder 17
Ag catalyst layer 11
Ag-Bi-Ni-Ti2 powder 32
Ag-Bi-Ni-Ti2 catalyst layer 29

Az A3 Xeray 3 ¥4 AFAE Fig 7o e}
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o, 10417} AFuRS-Fo % crystallite size®] #H3}7}
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AREE dolry] $|3 Ao} 0.7V vs. AHE A
Aol A APAz 1A de]| £ e = A ARUE
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Aade) A Q) 3te 1/30]3 R Fade 4 F
AL, 1417l Folle A 14 =R otk A4x
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Fig. 9. Cathodic polarization curves for Ag-Bi(1), Ag-Bi-
Fe(2), Ag-Bi-Pt(3) electrodes sintered at 350°C.

Bi, Ni, Ti dopant7} 2 wt% %715l Ag-Bi-Ni-Ti2 Zv]&
Az AFe) Aol $5st AR HIFoleta B
wHElch o)el3t A¥AIA= &5 Age AgBi-Ni-Ti2
Zof Bt 3l Fo)3o] S £33} Table 29] A
EAEE iy g gled, & F49 &9
Zxf o] @A o] HAlol] vlsjA YL oB A FA7}
Azl g $3 AFAHTE Jebd - Ae 2L
23 9ok YzE7] wfFolck AHA FHAHL —196
CoA FH7A=2 AAF A4, BETHH o2 243
gon, A83F 7171 ASAP 2000(Micromeritics) ©]
At} AE7A 9] =2 & vl o= o]u] I3t Fig 24
SEMA}Al ol 4] Ag-Bi-Ni-Ti2e] ZR~7] A33271 A=
uhg-o HAdy Fxeln Yzt

Fig. 9% Ag-BiZvlo| Fes}l PtE H7}gtell o34
AFA S0 PAENES B F= 2o g, o] w9
2745 E 350C o)geh APTFE A9 Xeray ¥4
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2 ztolrlo gy, zHe crystallite sized ZH&FE A
A5 FAYE & 4 dded, olv A[13]9
7383 dx st} 28t Al e 25 Ag-Bi-Ni-Ti2
2o Hchs e AFASE RAFAC

Fig. 10-& Ag-Bi-Ni-Ti2 Zvl| A 24] &3 Aelsld
Az oo}, AT A 2| Eef A gl ] 0.4 wt%h]
asbestos fiber& 7}aled Aztg AT FAE A A
o), Az1e 79 259 A2 & 34| 9 Ag-Bi-Ni-Ti2
Zojyc} Zojsol oSS & & UKo, ¥4
A4E ol=AE F1EUSE o F U ol2 R E
229 e &9 Az A Zihhe AME
ogle}. 18]5 FAH= asbestos fiberd] IFAL 2 4l
& AsAe & Frold FuiF WEztA] e
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Fig. 10. Cathodic polarization curves for Ag-Bi-Ni-Ti2 elec-
trodes with different manufacturing conditions.
(1) Catalyst layer treated with ultrasonic genera-
tor, (2) Catalyst layer contained asbestos fiber.
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Fig. 11. Morphology of Ag-Bi-Ni-Ti2 electrode contained
asbestos fiber.
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oo} s Earsle] iL-& B 4 Sl2w, asbestos
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Fig. 12. Effect of ammonium bicarbonate(ABC) addition
on Ag-Bi-Ni-Ti2 electrode performance.
ABC content used: (1) 2 wt%, (2) 6 wt%, (3) 10
wt%
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Fig. 13. Scanning electron micrographs of Ag-Bi-Ni-Ti2
electrode treated with various ammonium bicar-

bonate(ABC) content.

ABC content used: (a) 2 wt%, (b) 10 wt%
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Fig. 14. Chronoamperometry for Ag-Bi-Ni-Ti2 electrode
treated with 6 wt% ABC at 0.7 V/AHE.
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