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ABSTRACT

Matrices retaining electrolyte in phosphoric aod fuel cell were prepared with 5iC to SiC whisker mixing
ratios of 1:05, 1:1, 1:1.5, 1:2, 1:3 by lape casting method. When viscosity of the slurry was 59 poise and
the SiC to SiC whisker mixing ratios were 1:1. 1:1.5, 1.2, the ranges of porosity, acid absorbency and bubble
pressure were B0~90%, 2.5--6 and 700~2200 mmH:0, respectively. Those ranges are acceptable for a practical
electrolyte-retaining matrix. With increasing the mixing ratio of $i1C whisker to SiC, the porosity and the vol%
of large pores in the main pore size distribution which is between 1 and 10 pm, increased rapidly. Impedance
spectroscopy was measured to know characteristics of matrix inside and contact region of matrix to catalyst
layer. When the SiC to 51C whisker mixing ratio was 1:2, hydrogen 1ons were transported 1n the matrix most
effectively because of high jonic conductivity and low activation energy due to high acld absorbency in spite
of high interfacial resistance. The cell current density of the cell made using the matrix was 220 mA/em?
at 0.7 V.
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SEM photographs before and after heat treat-
ment in SiC-5iC whisker mixed matrix (W=12)
(a) before heal treatment (b) after heat treat-
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Fig. 2. SEM photographs and pore size distribution of
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Fig. 3. Cross-sectional photographs of $1C-5iC whisker
mixed malrix.
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Fig. 4. Porosity according to SiC whisker content in
SiC-5i1C whisker mixed matrix.
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Fig. 5. Relationship among acid absorbency, bubble
pressure and porosity in SiC-SiC whisker mixed
matrix.

.

S W

e Calleciar
ge wpuM»a CPE

Re 00— :@W” wanel
Isnizatien iy
Him 2H v2e SALTS S "“‘“ puper
lon mavement slecimhya in ms / M canatyai Ax
raagh o /f/ 2L
Ca
OCians
reducien of ydiogen jsos CPE
tine. 8l water
[01*2" Y20 D

+ ’ CPE : conitant phase clement
Ay @ ipriuclsl resloisece
Cr :ivtcriacial capediance
Ap * thecirebyis resislance

Fig. 6. Equivalent arcuit of PAFC system for the im-
pedance spectrum.

ru;

e 2 A=) Adeae] 545 4
a7 #ate] JudAs 2Agstgen o5 (M8
Hale] EFriEl2E FAsle] Fig 6ol vhebdydeh 2
o] CPE(constant phase element)t 3l sl
cdeRE wE oe 24:%]‘31 Agre Falgoh o) & A
gjalwl Ax= =A R ol A Aw o
e 0] ASw)e) zﬂ:ﬂoﬂ/ﬂﬂ w5 wakel o AR
Agte 2 vlebd = alupd, Fig 72 4 el A AA| g

7

A 31 A4 5(1994)

xR = o)

SRR R

10
8
g -
S . *_( )
< +
= +*
BT, @
+ + *
L -+
L *
NERS + "
n N 4
O 1 1L 1 1 1 L 1
o} 2 4 5] B 10 12 14
7 ({icmt )

Fig. 7. Impedance analysis in SiC-S51C whisker mixed
matrix.
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Table 1. Analysis of Impedance and Cell Performa-
nece

SiC: SiIC whisker

(weight fraction)

Elecirolyte Resistance ({3)

1:1 (1:15 | 1:2

085 0.44 0.38

at 1907
Interfacial Re51uslance “n 7415 | 951! 1317
at 180C
A

Double Layer Capacilance
Cy (mF/cm®)

Max Current Density

86.5 78.3 728

850 1050 | 1150

{mA/cm?)
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(A fmE) 9.83 | 134 15.8
Current DensiL): at 07V | o 190 220
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= =Hgs AAW=1, 1.5, 22|z 2] sl zpzb
FoaE As5AA e AE £ }0‘1 o] cole-cole
plote] ddlz el zlolul &8 Falpoa)e] XA

A& Fig 63 S718Ee)d vizels Wy A A
go sigelm, o4 el w2k Akl $71
3 WA gol ERee Fa#Ae XAHe] 5719
2old A A By WL AT ol
A32d. 259 £obalzel 444713

Ef g %"éﬂ% l J8)s3 Table 1o “Jelliglch
Table 1o vlebd zhe2 248 23 SiC whiskers]

ekt ubel W a4k Eghe giastel ot A
A de] Zrlabs AL ALY P 9lloh o) SiC whis-
ker2] #r17} S1ICH &31& whsllste] 7382 EelE

-379-



Eod L R !

surtace of

: AL ER3A
matrix f//// %% 2
2, 2]
“ part ol comact o // 7] ER
‘with electrnde @ @ @
A
D part wi nan-
rantag
pare wlxe
/ 13Ml‘l\
:‘:‘;ﬂ:l:;l /Inluyumlwmlnw :_;-:;Tm u..rm.un].”.:xrhu:::m
g o =T presaure =
A | 'MT-'%{.':".‘CMW . 100 mmia )
zm.:.:nur':cu TN g pipe o g MINTIRONTLE
L vevers| ens smom
portalty = 91%
scid shsa.
(@) Tea Y ()

Fig. 8. Simple model of matrix.
() S:W=2:1() S:W=1:2

kg slx(ak wlH Fig 48] b SEMe) 4] vieha upe}
el AT HaslE gezls ITHS AAH ghSe]
A3 Age] DA AL
7] wEelc) o] AwALL
-"r %T‘i— & vehle] A5kl
oA Amela ATahe] ajo] e Faal
847 Sel=doh 22y Table 18 vhebd ulket ﬂo]
A Az A=9 42 97 Fan 8] #7] o) %
FradtAlRt Eo glalalags) 7]glE
LseRE BgE BE o
22 olFstA Hel AR TEL
ufj - Fof) SiC o SiC whiskerd] #]ge] 1 :
o]|F& AFLsk) HAFLA-E= 717
weg viepder old dfe
H€ 4 lom’d 220mA A==
28 FEoh 2L e 2E T Jdurk
g vige® wE=jns WRETES B
$laked Fig 8¢ SiC2l #Hrkke] B2 A4
whisker2] 3l7}eko] whe Ao o she] HEAHE
LHT:Tlf-"_g HalgEle o opE A8 s} e
dghs. mA|slelc). W ERiAe] Be] Mo e 7o)
TE ool 7|FEYE fAEke ZleE sk, R
2 73] T2 e]Fe] Z olibglagko g o o]l
A=EEE folsted 7]9g she 7oz FESUTL

olelgt giRlEe] Salvd mdl. e Fasl
o2 e

1
£ 2 gepo 2nk Aga Aol oldHolehe A&
2

==
%
PAsE s A
Sehs 2L o

WA Bl 7

3

o,

Mo op
Foof

A
i rle e
fn e
=,
o
2
fN
HIT:
oo
o
o}y.

r
L
[

¥ 0
5 b
2 e
-

b
)
)

Wy B e
r'“ctrrﬁa
3
EJ]
= "
g = p
th =
= 5
foo—
~ o
‘m;;i
o T
S g
Qﬂ‘}o
e
3,

N
o o =2
o2
e .

o
o
-
o

1. SiCell %t SiC whisker®] #1]&o] Zr}3pE 7]

Fol Z7lelgon), 71F 279 F& olF= 1~10

umo NFE FAA 2 7199 ulge] AdH e T

&

Hgk Ad) SiC whiskers] Fhigo] Z7)ul4z
Abghalekel o) a4 Akl Paslgo
= A5 Fe] et PEAae] sl A
g YL Fokatedc)

3. SIC whisker @8] 27}z Eale] 7deln A
gl ale] 7|8le] Zlehgd ot > 5

ehaleh. Teluh & V1T SolR aske] Ag3ake
aleld, Ele # A7y 2ty
PEds £452 Fe] Al Ads 54

oy
=3

ol&e EEAY olFoE W=2d jEAS} 07
=

Vel q 220 mA/em?e s H o) AF0=E ey gich

ZAtel =

ATE GT7 B8 G2 @3 ) 7%

ool Ao $AHGenR oo FApUn,

REFERENCES

- A, Medougall, Fuel Cells, pp. 521 and 31-52, John

Wiley & Sons (1976).

. C. Berger, Handbook of Fuel Cell Technology, Pren-

tice-Hall Inc, (1968).

. AJ. Appleby and F.R. Foulkes, Fuel Cell Handbook,

pp. 3-54, VAN NOSTRAND REINHOLD, New York.

. C.A. Roberts, "40-KW On Site Fuel Cell Seminar, Po-

wer Plant Becomes a Reality,” National Fuel Cell Se-
minar, Nov. 14-18, Newporl Beach. Calif. (1982).

. JA. Trainham and J. Newman, “The Effect of Elect-

rode Placemeni and Finite Matrix Conductivity on
the Performance of Flow-Through Porous Electro-
es,” J Elecirochem. Soc, 125(1), 55-68 (1979).

. RE. Mistler, D.J. Shenefield, and R.B. Runk, “Tape

Casting of Ceramics,” Ceramic Processing Before Fi-
ring, pp. 411-448, Wiley, New York (1978).

CR7IE, olE, olFE, AA, "y dEdAs

SiC-8iC Whisker ®s]2 el==l~ 24" st3a4le
2=, 28 8 (1992).

. Seishi Gota, “Evaluation of Pore Structure,” + 73

VA, 23(8), 706-710 (1988).

. RN. Wenzel, J. Phys. Colloid Chem. pp. 53, 1466

{1949).

. N. Nakagawa, C. Kuroda, and M. Ishida, “A New

Equvalent Circuit for Pt/YSZ of a Solid Oxide Elect-
ralyte Fuel Cell: Relation Between the Model Para-
meters and the Interface Characteristics,” Solid State
lonics, pp. 411-414, 40/41 (L990).

a3



