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Abstract >> The organic-inorganic composite membrane in polymer exchange membrane fuel cells (PEMFCs) have
several fascinating technological advantages such as a proton conductivity, thermal stability and mechanical
properties. As the inorganic filler, silicon carbide (SiC) fiber have been used in various fields due to its unique
properties such as thermal stability, conductivity, and tensile strength. In this study, composite membrane was
successfully fabricated by modified-silicon carbide fiber. Modified process, as a novel process in SiC, takes reaction
by phosphoric acid after oxidation process (generated homogeniusly SiO, layer on SiC fiber). The mechanical
property which was conducted by tensile test of the Swt% modified-SiO,@SiCf composite membrane was better
than that of Aquivion casting membrane as well as ion cxchange capacity(IEC) and proton conductivity. In addition,
the single cell performance was observed that the 5wt% modified-SiO,@SiCf composite membrane was
approximately 0.2A/cm” higher than that of a Aquivion casting electrolyte membrane and electrochemical impedance
was improved with the charge transfer resistance and membrane resistance.
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Table 1 Typical properties of silicon carbide fiber at room
temperature
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Fig. 1 SiC fiber morphologies of (a) cross-section SEM
image and (b) surface image
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Fig. 2 XRD patterns of (a) SiC fiber, and (b) oxidated-SiC
fiber including oxidated-SiC fiber SEM image
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Fig. 3 FT-IR spectra of (a) SiC fiber, (b) oxidated-SiC fiber,
and (c) surface modified-SiC fiber
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Table 2 Elemental composition of SiC fiber and functionalized-
SiC fiber from EDS analysis

SiC fiber functionalized-SiC fiber
Wt% At% Wt% At%
CK 41.00 61.89 20.85 30.53
O K - 42.29 46.49
Al K 0.70 0.47 - -
Si K 58.30 37.64 35.20 22.04
P K - - 1.66 0.94
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Fig. 4 SEM image and optical microscope image of (a)
Aquivion casting membrane, (b) 1wt% SiO.@SiC, (c) 5wt%
SiO.@SiC, and (d) 10wt% SiO.@SiC composites membrane
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Fig. 5 Tensile strength of (a) Aquivion casting membrane,
(b) 1wt% SiO.@SiC, (c) Swt% SiO-@SiC, (d) 10wt% SiO-

@SiC, (e) 1wt% p-SiO2@SiC, (c) 5wt% p-SiO.@SiC, and
(d) 10wt% p-SiO.@SiC composites membrane
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@SiCr E39-2 13.80MPa2] 7+ =2} 55.75%2] Al
&2 7HAAL e, 1wt%2] p-SiO@SiCr H3He
12.89MPa 2] 739} 62.28%2] Al 7HA]3L =
g W e 4 Qlok w13 SAE B9 A v
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E3Hta} p-SiO,@SiCr H314-2 16.09MPa 2] 7= <}
30.19%9] AAXL&T} 1621MPa®] 7J=29} 15.39%9]
QNS 717t 7T 9l Ao SelEl. hxje}
02 10wt%2] SiO@SiCr E-ahut} p-SiO, @SiCr =
YaFS ShA SEM Atz IR A B glo] 4
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Rololl k2t Azl sk Abmusta e st
Al 2-8-5k= Iwt%7} ZFHE SiO@SiCy, p-SiO, @SiCr
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Table 3 lon exchange capacity(IEC) data of composites
membrane

Membrane type IEC(mmol/g)
Casting Aquivion 0.84
1wt% SiO,@SiCf 0.79
5wt% SiO@SiCf 0.75
10wt% SiO,@SiCf 0.72
1wt% p-SiO@SiCf 0.91
Swt% p-SiO@SiCt 0.98

10wt% p-SiO@SiCf 0.94

A (Dol wet Ak

Vaaor ™ Mygon
W,

d

IEC= (D

©]7]A IECi= mmol/g®] T2 e, SOH
9 POsH 59 ZH87]o] o] 2umehseE ek,
Voo L&A 718 A %H(ml), Myeon= 2
AAJke] B et (mmol/ml), 18]1 W AXE A
£9 A& Hehdch 72" Hasfd oho] ¢
0.84mmol/go] Z74=|%oH, SiO,@SiCr & 3
7¥etaS W 7t Adafd whe] ke AA|skaL
21o1A] IECY] gheIgt 4= Qltk SHA|TE Y&
p-SiO@SiCy ZelE H7petelE o a7t i
o] 37+ AA|SHA|E phosphonate group©] =4
ol 27gto] Zefste] A5E IEC ATHE I8kt
BEA|TE 10 wt%2] p-SiO,@SiCroll 4] ionomer$} T
O] AhAtel7} & NAYEA] o= 59 o= IEC

7h WokAl AuE e 4 AT

=
Has

3.4 B3ialo| Mo} Higixle] Ms Tt

M= o ='=J:-|7:l'||.

=8EY

Fig. 62 Aquivion casting Z3[& i} 1, 5, 10wt%
o] SiO@SiCr B3}, 1231 1, 5, 10wi%2] p-SiO;
@SiCr EB3Pro] 44 0] &7 &= I (proton conductivity)
o] ZHAYE ehn, Table 4= 1 ZHE 53
2 U Aoty AEEl 717 75°C/100% RH,

>> ek W AeuAeta] =8

|-

2§90 - 29 - 487
0.30 —#— Aquivion casting membrane
- —@— 1 wt% Si0,@SiC composites membrane
—A— 5Wt%Si0,@SiC composites membrane
0.25 X ¥ 10 Wt% SiO,@SiC composites membrane
_— <4 1Wt%p-SiO,@SiC composites membrane
E 0.20 P 5wt% p-SiO,@SiC com posites membrane
a - T - 10wWt% p-SiO}@ SiC composites membrane
4 a0
= 0151
2
]
= 0.104 X
° \\ \
= NS
S 0.054 N
RH 100% :
0.00 ~ D
RHA0%  py 20%
T T T T T T T T
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Temperature(°C)
Fig. 6 Proton conductivity of composites membrane at 7

5C/100% RH, 90°C/100% RH, 120T/40% RH, and 140C
/20% RH for different condition

Table 4 Numerical value of proton conductivity results

Condcti(Sm) | o | oo | aomert | 2
Casting Aquivion | 0.1162 | 0.2128 | 0.0298 | 0.0081
Iwt% SiO,@SiC | 0.0980 | 0.1548 | 0.0254 | 0.0078
Swt% SiO@SiC | 0.0722 | 0.1485 | 0.0188 | 0.0056
10wt% SiO@SiC | 0.0707 | 0.1125 | 0.0183 | 0.0055
Iwt% p-SiO@SiC | 0.1140 | 0.2303 | 0.0364 | 0.0116
Swt% p-SiO@SiC | 0.1240 | 0.2603 | 0.0389 | 0.0138
10wt% p-SiO@SiC| 0.0923 | 0.1529 | 0.0287 | 0.0092

90°C/100% RH, 120°C/40% RH, 7] 31 140°C/20%
RHOJA] S31500k 240 2 A== 9] AL 4] (2)
of wet Ak 4= ik

L
(R< Wx T)

o=

@

7|4 o Aol A EE(S/em), LS Hetw =
% Zd=ARele] Al(em), W EERS] 1 H](em),
22|31 T E¢ee] F7(em), R Sgtdte] 17]
2 AYHOhm)S vrehdlich o o] == [EC
Aol 5T 4= Y50l 5wt%e2] p-Sio@SiC =
gato] o7t MEAdE 7HAAL e Ao wdE

t}h. Sio,= ¥ AHbe Sic
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Fig. 7 Single cell performance of (a) polarization curve,
and (b) AC impedance curve at 75C/100% RH
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