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Evaluation and Fabrication of Composite Bipolar Plate
to Develop a Light Weight Direct Methanol Fuel
Cell Stack for Small-scale UAV Application (I)
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Abstract >> A bipolar plate is a major component of a fuel cell stack, which occupies 50~60% of the total
weight and over 50% of the total cost of a typical fuel cell stack. In this study, a composite bipolar plate is
designed and fabricated to develop a compact and light-weight direct methanol fuel cell (DMFC) stack for a
small-scale Unmanned Aerial Vehicle (UAV) application. The composite bipolar plates for DMFCs are prepared
by a compression molding method using resole type phenol resin as a binder and natural graphite and carbon
black as a conductor filler and tested in terms of electrical conductivity, mechanical strength and hydrogen
permeability. The flexural strength of 63 MPa and the in-plane electrical conductivities of 191 S cm™ are achieved
under the optimum bipolar plate composition of phenol : 18%; natural graphite : 82%; carbon black : 3%, indicating
that the composite bipolar plates exhibit sufficient mechanical strength, electrical conductivity and hydrogen
permeability to be applied in a DMFC stack. A DMFC with the composite bipolar plate is tested and shows a

similar cell performance with a conventional DMFC with graphite-based bipolar plate.
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¢lH] 8 7)), Direct methanol fuel cell, DMFC(Z] & H| g2 & A X))

.M B2 UAV)= 22 501 7|2 gz Qs oA
5 ofof 421717k Sastn gl ole) e
TAC) 2 A FEd @ IR g2 sl o
T 7= o] 2 791387 ](Unmanned Aerial Vehicle, FIFE7 e 7 27] WAL HifE 2 (battery)
= o 5l 3 3]
TCorresponding author : hcju@inha.ac.kr ;i?x?f i : }%;c]- txi_?;} E] j : ii] »O]-Z] o
VAT RT =, Yo X T — j8

1201242 5~ ¢ 2012420 AREHEY 2012427 ]

134



o Ak e AR 2o

FE719 HAE A
2l 2 ouA =R
o Hrh 2, ol FH U diAIsH] St &
toR ARAE FUFE7IY TP o] 83}
= 7t gds] AgEa Qo sk, ARz
Al2ERR 9] ARIAREE Asks S8 1
2] 24 7] wiZol ARAA] Alage] UAVY &
doE AGEY] A S el aelaxE
YR ARG ARAA] Lstack) 9.2 A2 ofo}
sk olelet ARAA AES TS T B
% RS Aot B 22 shde HR) A
280) 744 % 50% olAfo] 2wy 1 A wak
A A F 50% o)A ARG, wheba, A
Aol F7tof EAE Az AR A|AHE AHstr]
A Beime AYst 9 Bule Hasht SAA
o= _)’\_61-]5,]0-10]: 6]—1:} 7]1;(—] oz Ha]_u}g q..gjq.
Fe 75 AU Slolo wek 1) W7 Felt
B o3k 2) WGTA(GA, Akh B 2]

ze
FHI 2o viE B2 3) AR 2 3713004
A A=

1=

=

8flo]] A|2Fo] up2ui, vje]
o] 5H 0113&4_',]01] =2 Ad=

== =1

<

ol

H
ﬂ~ % 7he] ERAA EE] 9, 4) Y
] 5 ookt 71%sS ggsha ek
T AE A 8 EE TR Vs
SEA717] sl TRt AAE ol8ske] Eelde
AztstEs A7F 3= ok

S-%(graphite) A o]87F EelH2 A7 A=
33 Waldo] gdste] ALg A=A &
2l A EA Fol AREAL ok ShAR, et
o|EA el =9 (molding)olut 7|AI7 ks 59
o2 whsofAlet Alu]go] =il digite]
ot ERE 7AIA EA4do] WAl 7|A|Fakeol 7]
wof 22t @S Resh] fsiAe el
FAZE FAYACR Rtk whEbA, o]Zle: LEo] B
vjo} TFE SV a”le] k. B3, 2w
of FAE 017 98l &4 EM FHof & %El

g sk olek SR olelet welE A
ol BApeIAT welt 7 450 2

o
>

1
b
BT
2
Mr o
i
)
lo
N
N
=2
ng
)

9‘15
Koo
of
i
mel
N
X
2~

;
oL
HT
il
do i
R
i
g o
U
Siis

N
N
N

e Mo

$0 Hi
o ox

oy

e
1o
n
N
i
S
[
o : N
ne
4
30,
2
-0
ash
U

4
30
T

Ol
o
A
=
d

D)

N

o

BN

<o

S

o
¥2 1o

r Q

o,
3

e 4

-

e
=
1>
oX,
2
rlu
Mo
é
jaky
o

N

N
N

k

mE rlop L
oo o

o

el

2

L

L Fe

iﬁ-ﬁ
>

o

(]

e x
ot o
N o
4 re
2
Jov TH

o 2 b
(e FZ
=

E T
-
op

=L

{

o

e

o W01

o

|
0o

o
O(;)L_',
[
B K
50
i

A welwe AR e ol 18
A AL A7den Redold. Hehd, 479

Fegol old45 Helne] Ar1AEAo] Wobt
whdo] olek SHAR SRR 7F d=ga BAS

AA Fe ] 7AA B @ A7 AEES =
AL7} A27HA] Ts| AP o] gopo).
e 52 4719 Arhm s wobl AR
FAIAZ17] €&l 712 E-2(carbon black), B4t
H(carbon nano tube), 7}=A]-G(carbon fiber)%
ATA 2AA(fllen 2 A2 HA7lste] A7AE
WA ATE et 159] Aske
o) Ak W VUEEE Al 2
25 Zrby H 5t Priyanka” 5 A &
PR Z7]of whet EejEe] HA7HERE Yl 7174]
Xo] = Srepckn A 15 T4l
& Ame] 5 Ak 71
FYESES o & F4A
A w7} sFAtECk B st
1A =24 F7He= 72 2
AL A o] ze 37]7}
opjet wejmel 7]

32 59 9%

ot
o,

M olo F oo § S
:{[Tl o g rlr
A o2

|

it

al

N
OoZiﬂl
ooﬂ;‘.

o

!
=t
N
_'JE
N
>.

bu o
patd
o
o &2
ml

o R O
do = Kooy m
[

juil
N
)
2,
o
:Hi:, [e]

s ok -1
re
r\l

¢
i

b o
o{w
r>~l

re
S
I

|

:>;l:‘|‘
o
>

o

(R
N
rﬁ
F—.~

HH
aL

e
Y
T—ﬁ
H
ot
olX
_}I_‘
jucd)
o ¢
Hﬂ

o
rir
>

o
o

o
ol
315:1
fui
ol
ol
)
=
)
ox
°{N'
rﬁ
2
N 1l

= st Fle
e 71 A1 = AaA7IH, ol whef ¥k
2 Bawg 27717 Rl A4 B3 waS v
"oz ool 249 Hke Aok el

r$
0_1.4
ox

A23H8 A2Z 20124 49



136 A =1

Filler
(carbon black)

Graphite Resin

Hydraull: piston + Heat

pee=f

Premixed C

Fig. 1 Schematic drawing of fabrication process on the
composite bipolar plate

4719 o7 7| ZRemRE S £ YRE
7|22 7 By #Eue 70% oo S 4
A 8 24 H7HA7E &9k k= (compound) ¥
B2 ARk d7hE E1e] S A 271, A
o 7 B ool whet 71AIA, A7A =4 2A

wiasich

B ATolA olofat RS Fa Ueldl AU
oz RFEING ARAA Asd] A48T
Sk Beme A U 4Pl 2HS T
1 9lk o2 Sla) AT Bol B Us
7ZR so] Wb S L AR AR 7t
weduke] 2 Bk 24 AEsn 22E 4
12 ) Helne AFstel /1AM 24 2 A
NAEES St B8, AR Bejwo] AR

AR Azdo] A8 b oRE el $isto]
-2 e (membrane  electrode-assembly, MEA)

2 AFstel welax 24 4@ 2ok

2, d

IE

HEEH
oH
2.1 Axf MA

B AT0)4 BB AL Sio) H8E S 27
L 25im(NG 25), 40im(NG 40)©] A
Materials Co., Ltd)o]d, o|& 1:19] gIafu]|=2 ARE-5)
Gtk 1e)3, A 3 A ) 2o G
717} 85/15, 82/18, 79721, 76/24wi%= H&5k0] 7]
AR, 2714 B Adsiih B3 W7HI= AR

> gF5a 2

Aol Asts] =&3

3mm

50 mm

Ilz.s mm
125 mm

}/somm/‘

(a)

Probes

Specimen
(b)

Fig. 2 Schematic of measuring points of specimen and four-
point test method for measuring the specific area resistance
of materials

= 7}E Ba@l(Vulcan® XC 72R carbon black, Cabot,
USA)9] a1eRe. 5.9] sleko] 3wi%d A3} B

Ao 12 o2 HAZH, i 529 7HE
EUS Sl AU E Pz AAtete] 2 4
FHZ o83 EY UF AP S UGt HrE
g 5l Al Fig. 1o Urebdiqlch At &
o] 542 o e 2 A71eek S
e i



FRAFET718 B APESARTA 28

D790 el wet 3 F3 WA S 2P
t} H7)HMEEE KS C IEC 600939] 40 whet 4-
¥QIE I ZH(FPP-5000, 4-Point Probe) 7|H& &
3“ zsx%;,] q. 4iO]E gy 7]&40 /\]J:]g] Ohﬂ‘
of AFE FelE & 1L ARl A T S5t
AR Ao 7k AV Ak Fro= AR W
olty. AJHL 50 x 50 x 3.0t9] A7|E A2FE] G,
24 EQIEL Fig 2a)2} 2ol 4 Aol 911319
2 Sl W 2k Ssle] Bash
t}. Fig. 2(b)= E8Wo] A7|AEEE 245H=
H]o] sfEFrolct. JAREIE AJE2 50 x 50 x 3.0t
o] =2719] AlHg AZsted, 80 CoflA] 4242949 3 bar
o] A%17)%0] whe} 7LAEIE AH|(BT-1, Toyoseki,
Japan) S o83 FAEIES ZAsrY,

i
u:E o 3

o}
on 3 k|

2,3 9f-H= A M=

A s ikel HAE &Rlsky] sl Az
Z A](direct methanol fuel dell, DMFC)-& MEAE
Aalol WA 24 AR AT AkE
MEA2] 122 88cm’(10cm x 8.8cm) o] a2l ot
2 U] &(Nafion 115, DuPont*)o] AME-E]SIc). $HA
PtRu/C(Hispec 12100, Johnson Matthey®), Pt/C(Hispec
13100 Johnson Matthey®™) Zuj7} L}] .2 0] & e
(Nafion ionomer, 10wt% DE1021, DuPont™)} 7]
iHE AR 4 RS, 37 S5 AR
Q13 AREE| AT FAE Frf) SelE)s SR AA|
(carbon paper, TGPH-060, Toray®) Qlof v} =¥
(automatic film coater EQ-AFA-III-220, MTI)¥H-&
ol-g3to] Pt 7% 2mg/em’ 02 FUSHA EZEQ)
t}. MEA A2 3ol tfdt AFFE2 7|2 Kang'”
9 Aol ApAS] AFsiglen®E 2 =X
ol=of thgt AR A& ARl

weHe] f= Pl AR
T2 Pz 7=tk
Fig. 322 DMFC @934 5 S4S ¢al A%t
© MEA®} 22|39] 7fzfeo]th. MEAS} 22|

“FZ(serpentine flow field)

e
tlo

....................

Bipolar plate
/ Current f
{ End Teflon gasket collector

" lat ] -
Methanol plate ‘G"fm"s'f)""g Air

In-Plane 4 1ong the channel
Through-plane

Fig. 3 Schematic diagram of single cell DMFC hardware

511 UAVO] gt
2 7144, 2714 *g

300kgf/cm 2 ST A7 AEE 9
224319t AF ¢elo] ZseE A|AEE 9
e 7E Zr)sict )3, AEgEo] 150kgfem’
ool FUAE A WIAEE] F71%Eo] 4
H Zol50], 43 ghElo] 250kgflom’ o] A= ¢
04% 7/4\— Q}Olﬂ 4=t} Fig. 4
a4 W

o
o
oX,
or
rE
%
N
3

A23H8 A2z 20129 4



138 ZIAR . urAE -

o

Table 1 Density with varying contents of graphite and resin
of composite bipolar plate

Graphite/resin contents (wt.%) Density (g/cm3)
85/15 1.88
82/18 1.94
79/21 1.97
76/24 1.98
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