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A study on the electrical and mechanical properties of PEMFC
bipolar plate by thermoplastic composite injection molding process
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Abstract This research aims to develop polymer composites which can be used for PEMFC bipolar plate by
injection molding process. Considering the moldability and stiffness, we used LCP(Liquid crystal polymer) as
base resin. In order to improve electrical conductivity and mechanical properties, we chose carbon black, and
both synthetic graphite and expanded graphite. The composites with different recipe are prepared for injection
molding of PEMFC bipolar plate and CAE(Computer Aided Engineering) analysis was performed to predict melt
flow and fiber orientation We did successfully fabricate the ASTM specimens by injection molding, and measure
the electrical conductivity of the samples by using four point probe device. We measured mechanical properties
such as flexural strength, flexural modulus and Izod impact strength. Conclusively, the electrical conductivity
increased with increasing additive concentration, but both flexural strength and Izod impact strength decreased
due to the brittle nature of carbon-based additives.

Key Words : PEMFC, Separator, Injection molding, CAE analysis, LCP, ASTM

142 T4o] ol Q= Agoltk 712 Wl 7] uls

AR i, AR AMSTS Aou AHERA SOy

ARAAL (T 147h Ao} Areusiz Adst @ NOxsh 22 34 egEdol opd Eukg skt

ABAE 257 95 AeRe AT A dA 2 ol itk 2047) Wl Ao BE AR AZY
oA el Waso] EEwA A AAHeR sy o] o

= = =
8] AHE T Uk, $4E AR QB AelA 7L ARAAE T 7HAS vlehe] TRsAS gl AR
4 581 o] ARMAS Agehs Holme Ur & FHOE AT} 2| ool AT ek @A
4F WAL, A7) A, Fof AAF Agulg 9 7t
£ ATl meush|&Rel ATV ISATUY AGSAAAFYAA R ST AT AT
B A APgustelke] @ sl e Avaue.

WAIAZR} - 758K dhkim@sch.ac.kr)
19029 259 249 (17 119 039 249), 23 119 039 299)) ANE 119 049 07

=

1999



F=itel7 s el Al All2d Al4E, 2011

g 5o ThoRet WSIR 58 ATk AaE ek,

A WS A7) A3Y 221 PEMFC(Proton-Exchange
QWIIEAL 7 T HZ)
AR|olet. & oA W
LR AELEGIOE 4
AEA; 2okl FHE A

o AEE gk AR
2 /K3 8 oA Bk
WA A2, 38 ARdA 2
A8 % o]

A7) PEMFCE 4-43k517] $lstel Az 97ke @7t
shells w2o] SslA WWE|T ick. 1 F PEMFCO]
A 60%e] st A ulEat 30%e] sgsks 7h4
HFE ek e RelRe gek] o8 we
sgadet 43e] Aol gk 27 A7
sl Bejme 49 AXY) 43 FAE Zolv] ol
ouf 743 Algke] e Ao ulgo) ol AaHglu, F
%2 ol 88 H9ol WEst &3 /HgH|§o] ol &
o 54 okst o] Qlgiehll

olejdt TS Retsty] 95 ZAY g AEAol

ol eaA A SAAE 24 &
AE Alxdhs A7F FHEIL Qlok A7) A=A i
A EAe e Aol 9% vH EAE o

galo] AP Belge Aol i, A} 7Hs st
Azl sto] AZANE EY 4 Uk AR 3
AAEH, 712 Ed, 712 H8) 50~80 wt‘Vﬂ- mEHA
RAL ExfEolok HEES} S AE B 4
o, flake FEjO| Eo] 3 HUE W) A= HESY
7} olgol AT & 4 A

A B Axshed diE dSEFTES A
8911 slont ol% AEYYFoR dAsl] 99
© AF AT Gk AEHY S Bl Axse
ol S83 Yo, Ao 8o %EH%EI 714
oAt 52 88 2 52 5% 28,

Erol F=

B B2 WRHEEE S7THI7IAL &2 AE See
A7 AaalXich 223 Ao wida) 24hy
Tof webA M7z Ee] PRES vIAA ek 59
g Aol = Aot A7 =Es 371 Al "t
(3]

AT AIEE AR oiF g - 2
Aol AAN 57 A Tl AlEE kst 7t
Al 59 o] vIHsHA 850 vlg 9 7|3te] ST}
Sk ol Qo] AR BTt of frk whebA ARzt

£ =ol7] Y3 AEAE  CAE(Computer  Aided
Engineering) & Z-83}59t) dHA|9t CAES E3) ¥ %
A& d&ste] Azt £9 o= AN, 71E8H
AubALES A B Eol 8 A9 Lxfo]
2 AEo EFEe] Skt Hathd 7 A7)

Ol

Hr € 2] A9 f54d0 A &
& Holt}. o]of meh, APdS A
AFEd @71 0] B asITi8,9].

H oA I HA B A (thermotropic liquid
crystal polymen)& ARgSIRlom, S84 Yl 3ekH &

FHAIZI7] S8l & A7 RE B3 5, 34

J—} Bz A7 RE k2 ESS ARgoto] =
2AE A Z 319tk CAES £33l &5 eyl BARA
A8, AEA AEALR7IE 0183 }01] ASTM A%
= AEstl o, A28 B4 71AH &

=
ot

o

ks
o
o

M

5

i)
S
oL
T oflt
2

2 o
32

r{r

.Ilol'
% 2 o.’?.

J

>
I o o

O_t.
m]o
o
2
O
o

2.

u
ol

21 MM E|tAx] M=

SAe MRS AAHol st
LCP(Liquid Crystal Polymer)S ©]-83}
59, 34 B, 7}@ Bah)e AzA
1 kg Aol 945 Ae AASHATh BREAL ash7h
0.25%°], A=} EL7]‘:- 100pmo]|ct. f‘sﬁwgﬂg ash7}
0.1%°]1, AR} Z7|= 180um o|3}o|t}
4g:& ofel ol Uehfigic. AAE 47
#)o| BgtanE Azstsc

[ 1] LCP &4

TR

H|5(g/ml) 1.68
QA7) = (MPa) 130
37} (MPa) 160
A7 =(/m) 151

2.2 Bzl

AFHE A FAEE ASs] flste] md=E 5t
t}. Nx Uni-graphics& o]-&3}o] E2|g nd3-L 319
ozsgsﬂmo HoH Mold flowE o]g3lo] dfj4jo] Bagt

_]

2000



Arhad BtaE olislo] AEAE B PEMFCE bipolar plated] 7% 9@ 7|44 54 oA

CASE 3 | 40 wt% | 55 wt% 5 wt%
CASE 4 | 25 wt% 70 wt% 5 wt%
CASE 5 | 25 wt% 70 wt% 5 wt% 3 phr
CASE 6 | 20 wt% 75 wt% 5 wt%

25 ASTM Al & HH M7 |M== HIt

HEA AE71E oLgslol AlE o ASTM BT B
olgstel WIHEE W FAYE, FRAE, FAUE
= @715}tk A7) A =% B7F= Four point probe %]
(CMT SR-1000 version 3.1)& ARE3} o, F37 =9
%LE}*;J%& ASTM D7900] Z3}6] vh=A]al7|2 =3

3M9al, A= ASTM D2569) £310] A= Al
Wiz Fgsiact
3. Znt A 1nH

t

ok
o
1z
I~
H

3.1 Mold flow Z2IMS 0|

(¢) E2]7 3D Mesh
[O& 1] #e =mdg 3.2 MM 2stAx] M-
19 3L 44 LCPQ] Shear rateo] & Hro] &
CAE 3142 €3] ARR-%E 4=%]= LCP/Glass fiber 50% He Holzi 9o, ©xW 24 dlo|g ot} 340,
olct s 2dE 3 29 et 350TOIME 330T9 28 HE SAS Hola glom,
sl He] HHe] Sws 30T RS & 4 Uk

[E 2] CAE &4 =4

Injection | Cooling Melt Mold
A time time Temp. Temp. 1000.07 A T=330[C]
(sec) (sec) (C) (0 s
CB/GF — 1o0o 1 @ T=350[C]
L - .
0% 21 20 338 63 £
.?;’ 10.00
2.3 ASTM A|E w|=t 1.000 1
ASTM AJHAIZ Al A A% AEAF7=
110TON LS A]‘%ﬂ% A]‘-Q“s]' al, UHE Ea —)F-Z]EE- o100 doo 10.00 100.0 1000.0 10000, 1.000€+05
AR UsEel A ABE LCPE ARSI, FHAE
Y25 S B R B ARSI SEFS T [O8! 2] Shear rateo] w2 HE 54
3of vy QI
321 83 M
[E 3] 44 o A17E LCPE] fi& 57448 2Rlsk] 91ste] f-suid
Resin Filler 2 oI5} om, fill time 0.2264 sec o]t} S-Fufjel&
CASE . Synthetic | Expanded | Carbon A Eo| ZHo] FT & o] R =R Histe] Hels}
MP | graphite | graphite | black 7] glatoltt . WA BolA: FAolAE ALz 5
CASE 1 | 60 wt% | 35 wt% | 5 wt% o] & o|7oRS & 4= ok mehy REo] 7P W
CASE 2 | 50 wt% | 45 wt% | 5 wt% A FHo| Hl&= HEo| unpx|uf F2 FHo] FZo| ot

2001



Fately| et =ma] 41278 A43, 2011

Fill time

_ o ;‘I;E = 0xaTfs)

RLECR . vezsa
0.1698 0.1698

0.1732° 0.1132

Fit ime

- = oftoay

. 02264
01698

o.rraz

= RS
ol ol & o o 4t Ao

FEEe ge

A A hek S| filer7} el RS Bl T 4

loxl, o4 AsfelAs & ol filevt 8 9 A

2 30l & 4 qloleh A4 AR 2 Aol W

SRl gho] T R mr} ] Uehbe 2 3kl

& 4 gich 17 4k AG Hael thet Bake ekdl
AHolek.

Fiber orientation tensor
Normialized thickness =¥:000

MOLDELOWS 1NZ 1GHT cale mm

(28 4] 44 WP

3.3 SEM &3

A71Ael B WU A9l ZHolA matrix resini}
filler7} A Agto] Gupt 2 o] FojFtol wetbd &
A Aol & F3kS FA Hrh 19 5= SEM 29 A3}

E Vel Ao}k AR A B w2 golA] ¢l x7zb

o
(o]

5% 8 5 9ot o] 2250 FAoR Hols, Fo|
@ olFolAA g Ao AL

(a) LCP 60%/SG 35%
/EG 5%

(b) LCP 50%/SG45%
/EG 5%

(d) LCP 25%/SG 70%
/EG 5%

(¢) LCP 40%/SG 55%
/EG 5%

() LCP 20%/SG 75%
/EG 5%

() LCP 25%/SG 70%
/EG 5%/CB 3phr

[O8 5] B554A] sdHe] SEM oju)|
4 2| MM EM "ot
¥ 4% LCP/SG/EG/CBQ] sleFdz A|2E AFE9]
-2 Four point probe A7| A= &4 AX|E o]&35}

o] A7 AEEE =45 Folrl 13 62

o ANHEES
aemE v g Sl BE 2F AW U 32 A
2 UTME olg3le] 2RY%, BHES FHsIOM,
% 718 olgstel 3A%wE 27 shlrt

AE, BRAE FAUES e
of upe A7 AR 9 7)AE B0l 3}
o]= goldt 4= 9t}

2 Jea T

24 g 24
o 73t se 2%
Fillere] 913

[E 4] Bghaqle] 42 d7|des

Material
LCP | SG | EG | CB A7 EE (Slem)
60% | 35% | 5% | - 0012
50% | 45% | 5% | - 0.57
40% | 55% | 5% | - 157
25% | 0% | 5% | - 5.49
25% | 70% | 5% | 3phr 12.72
20% | 15% | 5% | - 11.91

2002



3 3 PEMFCE bipolar plate?] 7| Ax%x 2 7|42 EA AL

Electrical conductivity (S/cm)

= 75%/C8
40% 3phr

0012 | [T1272

[13 6]

—o—Filler

=
=4

EREHYE (M)

2R UC (Mpa)
+ }

75%/C3
3phr

(38 7] &gl OE 25

BUYE (kgfem/fcm)

75%/C8
3phr

80%

/3

(38 8] &gl we 34 4=

E
=

1) A=A BA(CAE)S o]8-5t
Aol 754, TAA wige
Y & BAS 245 A Aate] Ik o &
= Aslen, AA ALEAlFRlA 9A] CAE Zute}
VIR R U R A H71H B0l w4 Y
= AL A T 4 ok

ARl Betago] A7)4 AEE 27 Y=

A7) A EAS 2L filler7} WQ3H, filler7} 60%

ToaE R

ARl =, A

ZH, A

o]3} o
=

Al
=

2)

2003

ol W7k e Al Bearo] MY B4E 2
Al fet. o]of recipeE 40%FE 80%7HA] H5IAS
w, A3} 4 60% olHHE 714 E4do] g
Uep.
AAEE =4 A}
wjelstel F7kehs 4
carbon black 7} A]
Awct map}h ace A
LCPE= ZAA o] o} :L°ﬂ fﬂr
& 2] F shtoltt. ZAT} carbon black
e Thgel 9 2R 9 24
L 4E Ros x—]7]7<4
g st B4
brittledt A 22 Zt
sheko] Z7}15h)

2R
o

>

3

N

Io
jus)
o
o
Vo)
]

~

¢

o o

by " 4
1o 1o
o HSL‘ e
i
30
>~ 32
\ o

R

N

-

i
lo
st
0,

o

32

=

P
o4y ofN
b

(<]

Oi
o3l
ox.

4

flo 10
do

rlu i ox
o

'r‘ _|l)1,
oZi
ﬂm“ r_.
= J]rn
i ox
e
us -{E
1 o
4> 1l
o T
i
° ° 12

-

2
_p

carbon black2]
e Ay
E]_TI_ B3l a2y

A 2 =l

o 7
a=
2 0]
4=

AT

rr

¥2
o o Jdor

a} b
AN 3T

e o Beparo)
AA A Fgol o 2 fillerd] 4
Aok 7o) WolA|k Ax

X rlo
2

oX HH"

Sf
z 2 o

NPI

=
=

%._'I

5 F1E

AEE, “stolE| = 7hido] FHE F7IAETA &

gue] B4 A E et gfs)gl, 2009

2] 8% d5d AEsh A=A EIARE ol&
PEMFCE- separator AFSAIE AR 2 A7 H=A H

7P, ehAlEl7) ek s] =] Al 11 Al 45 Ea,

pp.1361-1366

Chen, S.C., Cheng, C.K., Shih, M.Y., Lin, Y.C., Peng,

H.S., “Effects on the

Through-Plane Molded

Journal of polymer

(1

=

B3]
of Molding Parameters
of
Composite Polymer Bipolar Plate",
engineering, Vol.29 no. 1/3, pp. 121-134, 2009
Liao, S.H., Yen, C.Y., Weng, C.C., Lin, Y.F.,, Ma,
C.CM., Yang, C.H. Tsai, M.C., Yen, M.Y., Hsiao,
M.C., Lee, S.J., Xie, X.F., Hsiao, Y.H.,
of
nanocomposite bipolar plates for polymer electrolyte
membrane fuel cells" vol.185 no.2, pp. 1225-1232, 2008
H.S. Kim, “A study on the characteristics of carbon
PEMFC MS.
Dissertation, Hanbat National Univ., Daejeon, Korea,
2005
[6] King, Julia A., Johnson, Beth A., Via, Michael D.,
Charles 1.,
carbon-filled polypropylene-based resins",

Resistance Injection

(4]

“Preparation

and properties carbon  nanotube/polypropylene

(5]

composite bipolar plates for

Ciarkowski, “Electrical conductivity of

Journal of



F=itel7 s el Al All2d Al4E, 2011

applied polymer science, Vol.112 no.l, pp. 425-433,
2009

Dhakate, S.R., Mathur, R.B., Sharma, S., Borah, M.,
Dhami, T.L., “Influence of Expanded Graphite Particle

Size on the Properties of Composite Bipolar plates for

o £ 8 Z(Yong-Hun Yoon) [H3]¥]

—

® 2009 29 : AT A e
sfel3 et (b

Fuel Cell Applicaiton", Energy & fuels : an American
Chemical Society journal, Vol.23 mno.l, pp. 934-941,
2009

(8] A, AEeh “HAtmAL Z2O9E o]-§3 E-MOLD
©] Heating Line uj2]2] 2|22} Aol ot 9", o7
RIS ]SS =F2 X Vol9 no.6, pp. 1754-1759,

2008 <T}A)Eol>
9] A%Ft, AEsh &P g4 o BN, AEAE

A e 2= AsA Y Il
ZH5-E¢] HD Switch Penel®] Az 9 HAMY B2}, oF
PRI} 2 8F8) k=2 %] Vol.10 no.l1, pp. 3280-3286,

[10] o]3-8, “LEA} HAAEE o83 PEMFCE &2
o] B4 A7 A3|chztal sk, 2008

[11] ARAAAFANE, “IE2A Al A== o] FH/4d3
587, T=eluA7IE4, 2001

# & Sh(Dong-Hak Kim) (s3]
* 19861 29 : AEigtul ek
SFIH(FSHA
S e 19884 29 : KAIST 3}shg3h
IS4 A
e 19931 8% : KAIST 3}3tzst
IK-F5FErAY
* 1998 ~ #A : HIFHE

Upesfelgetat w4

2004



