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ABSTRACT

Efficiency of a fuel cell is determined by the generated water. If water is not removed sufficiently,
water will be accumulated at GDL, which causes flooding. Therefore, water control is regarded as a
crucial factor to sustain fuel ell performance. In this study, PTFE coating on the surface of carbon paper
was carried out to establish optimum process for hydrophobic treatment of GDL. Carbon paper was
immersed at different concentrations of nano-sized PTFE coating solution. Their characteristics were
analyzed systematically by FE-SEM, water contact angle, cyclic voltamogam, XRD and FT-IR. The
quantitative correlation between the amount of coated-PTFE on a carbon paper and concentration of coating
solution was carefully investigated. It is suggested that the amount of PTFE-coating on a carbon paper can
be managed by means of controling concentration of coating solution.

KEY WORDS : Gas diffusion layer(GDL, 7}2%H4F3), Carbon paper(7F2 # o]3), Polytetraflu-
oroethylene(PTFE), Water repellency(’Z<=*J), Water contact angle(H &2})

1. A E = 700C o] AF2nrt dadh &
AR AHAAMCFOY ZAMNSEY A8

N

F;Ju do
=
w2 r>’
o=
| ol
O ot

F2AA Aol 7hsd EAAE Y A8

) ol Hlste] ALedA ZAFIER dEAE oA
A(PEMFC : proton exchange membrane fuel cell) & 2 qu Husb 43 APEE 549 A
Ao} ol WEE, xER 5 FHE 71T AT

_ N = 3 N
TCorresponding author : cwk5145@dankook.ac.kr Ao sHUeR ol gt FHorA A4 o

Trans. of the Korean Hydrogen and New Energy SoclietiA2009. 8), Vol. 20, No. 4 323



LI AOI X S 3t A S

>

=
A

EAA #d A70E 90%
op?),

PEMFCS] Aad-e o] 2Axg 31§xto)y A3
Ao k2ol FZulrt Frtg oA d5o] HEgE
4 & (anode)- A 31 2 (electrolyte)-F 7] 5 (cathode)
o] A= sl BEoRA VAH R o B4
< 7K o3& WA= JIAMEA : membrane
electrode assembly) 231 ). 7k 822(GDL
: gas diffusion layers) & MEAE & o= A
A 98 3v & € VA F4) B2 H
I HAL o] E3E 8% 5A& it ol @
olff= U3 thFHo|HA HAxAo] ¥L carbon
paper 2 carbon cloth7t 2859 GDLY A=
A AgE o] gt

FholL9] HE
| GDL9 & &= |
FEE T A5 WA 5L gE v

AA|3ha 9l

T

H] & 3}

2%

e} 7] 27} o
GDLY vAE27t o 93 43
&3] olFsld a7t Ha, &
A A S

S
L gy %
ox L
T
40 L

BHs
YUAE 7 e 222 2748 o] B3 2 4]
=S JHRA ") GDLY 2 A g
T carbon paper’t EAA] 25 F 2ol 24 &
TE 3ehHQl HYE B8 A5 E 2A sk B
Ho|t}. PTFEE polyethylene A9
& A7 FRE UAY, E9HA
714 AR T 5% ey A

;é]
o W EopelM ARSE I gl

7 g

=
o
=

2

324

=2
[=]

B

o

=P

>
o
ol
=
=D
B
=
w17
4
to
o,
olf

o
e
Ir

LU A
2
>

ot
o

pois
o
ftt

i & 9L vAX
K-F. Chius2 1E9
obd 2~ E|Y ol o
%E‘_B).

B Ao FYYEY
T A3E wA 7] Y8t
arbon paper®l
AN AL

e g

ool 2AEh= GDLY
o] GDLY AAZ A9

3
\

carbon papero] =¥+ PTFE9
do] FLE gdsiA 2ETFOEA

=
s AR or Albsith

2.

N
GDLd| 248 Fo317] £+ carbon paper
(Toray, TGP 060)% °]-43t9] ZHS AASA
Carbon paperZ ¥A3 WHoZ 2231 FHY
wHx d BeES AAS] ot oA Eel 37
A Carbon paper %39
B guel #gAE At
carbon paper 9o
dEste]l 7 Tl AAS 5+ QA |
E AFdz7|dA AxH
ATk
60wt.% dispersion in water)
20wt% FE=Z g4 5te] PTFE Fdis}ol
w38 548 AT
AH 5 Ax3 carbon paperES UYE &
2 3A¥ PTFE £ A H
PTFE $§9d& IHAZ AME3I37] diEd

=]}

=

AlodXIEtsl =28 HM202 K4S 2009 8E



>
1

i
off
o,
N
ofo
1o
ghs
>,
X
ol
o
ot

ko ox oft
)
24
5
pass
N

o A
il
Y,
I IO Ug_,‘
Ho
oft
o)

carbon paper®} PTFE £9-&
171 13hA A7 Q‘ﬂ R 3
arbon paperg® A FAZ7)¢

£do] carbon paper«] EH

> m o

ol
O
n‘.?L'
X
-

e}

S
A
0{'
5 4

o o

ol rot Hr PN o R opE pE R
Mz > 9
m
o

3tAl 8859 carbon paperd] ZaslAd mEE
T UEE ROTY X W=t

27 84S T3 ¥ 789 carbon papers
FE-SEM(SU-70, hitachi)-& o] &3l A3z 2
F9 HelE #4389, cyclic voltamogram(PGZ
301, voltalab)& ©]-&-3 A 7|3tsha w3} H27t
SA%M(DSA 100, KRUSS GmbH)E ©]4-319]
B 2 A4S 7} S1th 3 FT-TR(Niclet
380, thermo science)™ X-ray diffraction(D8 dis—
cover with GADDS, bruker AXS)E o]-83}o] =
g A3 3ot A4AE Was RS,
€S 29 4FS FA8] st theks
% F" 9 carbon paper? FH @S Mg
SHith WE-go) AXAe 2 (1)& £
=3

2 off |

@ o Mool

-+

b

olt

cp,—

(7
CP] ¢

PTFE wt. %=

CPo : weight of carbon paper 1)
CP: @ weight of coated carbon
paper

3. &t ¥ 1E

Fig. 1¢ll+ 5, 10, 15, 20wt.%%} PTFE £hoj A
% ¥ carbon paperd WEAS 2A8] 95}
AEZ 2AANE T3 29 B9-29] o]z

2 K

(@ ()]

a_ o

(c) (d)

Fig. 1 Measured contact angle and sphere images of distilled
water on PTFE coated carbon papers at various PTFE

concentrations (a) : 5wt.% PS*, 0= 137.3° (b) : 10wt.% PS,
0 = 1382° (c) : 15wt.% PS, 6 = 139.3°, (d) : 20wt.% PS,
6 = 136.9°.

PS” : PTFE solution

o 239 2229 Jepieln 3574 249
RIS B BUe RURELE ol 4a
of AFHT £FHE BAHE PPOR TR
I gRAte] 4o 25 W E carbon paper
Teo 2543 BEHS BAY ATk RE
AR g Bgo] Hol EF F EAT AA
o) Y27t o7h 00° olshel e vhEIT A5
2 Rtk s o7 0° o4k &g b
2548 i P B Aol A d A
S EELE

|

w27}t o|m| x| 2 <
= 303 FAste] oL Hdge Tty ot 5,
10, 15, 20wt.% &HE& o]83te] AW E carbon
paper£9] HE7bo] 136.9°~139.3° 0.2 =4 =t}
GDLZ ©]-&3}7] $3} carbon paper? o]AHA¢l
AFzto] 120°~140°¢) W9l ALY 18 wf 2
A A A Zsk PTFEZF ¥ ¥ carbon papers=
GDLZ o] g3l7]df Ags &S 2t Fo
s 7He o

Carbon paper2 A=+& A&t =84 A )
A& o] &7 WA E 2¥sld FAREE 150 mVs”

Trans. of the Korean Hydrogen and New Energy Societ(2009. 8), Vol. 20, No. 4 325



2 3 F2H(cyclic voltamogram)S 74 3+o]
PTFE 23 A-%f W3t F7ksidrt. Fig. 2]
T 3

i\

)
iIh3
i
fr
L
o
L

%,
1o
M
o
2,

AFedade]l 42 = ¥ =
7l carbon paper =2 FH® A
=9 Sd & mlashd v AL A
ATt T AS7Y] WA S v B o)

o
oE
o,

At
(e

S o go
& e r

oft it
r>~l
A
=<1
uh
é
rzi
:OI(__‘A‘
o
o
tllo n;[o{n
20
2
fo
o
[
)

z Mo 4
o
-
pasd
o,

lo o
30(:“4

o
o -

=
2 carbon paper = FWel|
‘i’i NEERE 2R o] o}
%

K-

L o oX

[¢]

X

o
QL
oX ™

8
)
s Y
[ op
o>"
>,
)
>,
e
4,
By
=51
;
fo jo W —
il
o3
N,

o
ez 143} FgA9) Al 17
[e]

ot
oX
ol
ﬁ
>¥U
2L
el
_>.i
N
o ot
1%
E
N
)
> 18
(i
olo
flo tlo

N
XN
bt
QL
e
pok
o
kv
o
o,
R
o
M
S T X oofy ok )

I TR O

g i
ol
oo
N,
ot

=
it
N
X0,
z 7

0, ol

v % 3

o R

2

= =

ol

ob

£

=

it

=

>

o 2
oA
_LEL
ol
=
X

lo *
i
~
&

Pir oo b o Ry 2>
)
ol -

38 e ™

5
=

2 3o

2

pale

1z o

2 o
b 2s}7] $jste] PTFE 28 A-& carbon paper
9] FE-SEM AH{& Fig. 3o JehjAt}. Fig.
3a), (b)= &4 7% A carbon paper £H oY
A2 A7 o] 7um~10um 9l carbon fiberE o] 57
AZE TRAR Az Ao UG

A Atole] Fg F1HE0] 6“’“5101

= Zo] Holy o] Fzte] A7} o] 5&

%
r&i'
mE
¥
M
ot
m
ot
o
o
ofk
(E
o
m

o]Nv

g 5o] flooding &4+
carbon fiber A}o]e

1o o>
oy
)
tlo
)
o
[
o
=
N
2
N
A
_1 ()

326 S22 U A HKIES =23

0.10

0.05

0.00

-0.05

Current density{mA)

-0.10 1

04 02 00 02 04 06 08 10
Potenfial(V vs.AgiagCl)

(a)

0.10

0.05

-0.05

Current density(mA)
[
3

-0.10

04 02 00 02 04 0B 0B 10
Potential{V vs.Ag/AgCl)

(b)

Fig. 2 Cyclic voltamograms of (a) carbon paper and (b) PTFE
coated carbon paper with 15wt.% PS.
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Fig. 3 FE-SEM images of as-purchased carbon paper(a), (b) and PTFE-coated carbon paper with 15wt.% PS. (c), (d).

By e ez veiyd. I'AY carbon
fibere] XL &5 FAARRE olFojd ¥

ol FHOoR ke AR FF B $3H
AAE 7Hd Aoz ATy vt 2B A48 PTFE

2 By
7 ATHA 2RHAA A
A

3 o2 dAddEd wE AFAAS
PTFE~} carbon paper® 748} fiber £
kA Z®3FL carbon fiber Alole] #7HE Z
A A3 7] w#ol carbon paper:s £l
Fz7)el gigt e BesE S e A
Atz ch

Carbon paper®] &< 38 H-39 XA 34 9
B =A% & carbon paper @ PTFEY ZAA T+
Z Wgkd ugtod EA3k9 ) Fig. 45 ¥ A7
] AM23F PTFE %%, carbon paper, PTFE £
o 2 "4 79 H carbon papere XRD #¥HE U
EPfa ok XRD 929 A4S 98] &2
intensity 2 243 AL = A st

il

o] JehA T Fig. 4(a)= PTFE £%¢ XRD ¥
B0 2 20 = 181°d|A F3l§ 3=t Holx 20
= 31.7°, 37.1°, 41.4° A 7N¢] okst gaE Zte A
g2 PIFES] ¥=7} #&HAT} Fig. 4=
carbon paper®] XRD #¢l & Yehjiz 9o 20
= 26.4°(002), 42.5°(100), 43.5°(101)} 54.5°(004) ©ll
A B AAFZ A9stE age] #EEHIY
2 PTFES IS o]gdlo] Wmn s AN
carbon paper?] XRD #|&l& Wb Fig. 4(c)ol+
PTFE #%¢] XRD #¥l¥} carbon paper$] XRD
d¥lo] &35 o] FAlo] YEaL gith o] Ade
okol| A L}Eb FE-SEM AFA ] Aol whzkzhx]
% carbon paperE €d3 ¥A ¥y FEAoR
%9 PTFE ZHZo] AHAY] -

29 &% XRD #H€o| 1}t
t&o] ¥ PTFE 2-3H

—

PTFEY AtAo] £X3= carbon paperE TA3ke

Trans. of the Korean Hydrogen and New Energy SocietA2009. 8), Vol. 20, No. 4 327



(c) PTFE-coated carbon paper
(15 wt.% PS.)

|

3

o |(b) Carbon paper

=

‘®

c

5 A

(a) PTFE
20 40 80 80

2 0(degree)

Fig. 4 X-ray diffraction patterns of carbon paper, PTFE and
14 wt.% PTFE coated carbon paper.

Transmittance(a.u.)

Wavenumber{cm™)

Fig. 5 FT-IR spectrum changes for PTFE coated surface of
carbon papers at various PTFE concentrations (a) 5% PS, (b)
10% PS, (c) 15% PS and (d) 20% PS and (e) PTFE particle.

carbon fiberd] 4§20 nis] U
FAET Al A3 2L EFZA 3

4 mHo N

PTFE Z¥ A-% carbon paper® 3}8t& +x
H3E FT-IRE 53 2438t Fig. 59 VehY

328

o

ERN

—_—

R 40

w

&

a 301

N

o

-

c

S 201

c

o

I3

-

© 10

)

=]

g

£ 0 . . .
© 5 10 15 20

Concentration of PTFE

coating solution (wt. % PS.)

Fig. 6 Changes of content of PTFE according to various
concentration of PTFE coating solution for carbon papers.

t}. Fig. 5(a)~ ()T Z+7 5, 10, 15, 20wt.2%68] &
% PTFE €402 83 carbon paper®] FT-IR
2AERE BejEr) 505~640cm 2] FFA 37
o 23 AL FF gage| AFHYI 114lem™
3 1200cm A FEF WAE FA T U
t} o] PTFEY AYPAQ sazA 7|2 724
C-CAg4 polyethylenedl| fluorine®] X388 CF;
TZo A BEEE rocking, bending, symmetrical
stretching, wagging® asymmetrical stretching
B o3 Aol PTFEL 2] FT-IR £¥9E
¥ Fig. 5(e)¢} vl W) I F9 sAge] A&
SHA dAEE RS B F Atk oA =¥ A
& carbon paper$t PTFEA}o]d)] 3}t ¢ #3lr}
dojupA] grar QHA ARl IR F S T AOE A}
g4}

5, 10, 15, 0wt.% F=2] gado
paper?] F-A W3S 4 g
PTFE®] carbon paperd] FHZOE
Fig. 6o &A=& Yeh)ich
EolAFE carbon papero] W E = PTFEY %
ol v R o F7ete AS ¢ 5 U &
7t F7tgel wet "€ PTFES Fo] 943t
A AH oz W3lslng EX%ke] PTFE/} 3
HE7]E 98 A5 e "8 3=

Y3 carbon

al

=

AoiRIStel =28 H202 H4= 20094 8



Axbe] 7hgd RAoltk mygde §

A Z7V5FHA carbon papere] FE XY= PTFES)
ol oF 132 F7tse Aoz 2199t Carbon
paper®] FEFo] FolAH sELd s x4
3l carbon paper X} THHE= E &&
AUsA 248 & A8

leo
poch
(o
il
N
L
i,
S

‘?35'-}.2@ A g AsHE 714 23 GDLY flooding
< 7] 43te] PTFEZ ]88 carhon paper
o] A gig d+E AAEY. 28 A
Fol Wty Pl gy 2L 488 de 5

1 24 A H carbon papers] &7 =44 &
3 1369°~139.3°9] HEZHE A ol &
TE NMe 52 HEZ02 carbon paper
o) W Aerh mrgez osolnl Aol

=},

2) W Y3 carbon paperg AFOR o]-g3}o
cHARIAE PG 29 84 dedo)
TR Ader AVolFEES FAsA £
= Aeg2 EAHIY. o] AL carbon paperdll
WA e PTFEY 389Y Aoz Hrbddh

3) FE-SEM$ 8] ¥ #-% carbon paper £
of g WstE £A% #3 PTFE/F Hxusta

Y8 carbon fiber T IH o] H9on
floodingo] A& He Fo <& LHnge
carbon fiber& Alole] F7tel X% PTFEY 3¥)
o] o]Fo] Hgo] &<
4) XRD €3 FT-IR 29
za..ﬁ oq 2;};(4 *@}m B
B3l A carbon fiber

®
=
e
>
RS

@
SO R e o

tlo ol o

&

[sh]

B PTFE A#o] A0 W g
LY & Az

sl PTFEZ carbon paperd] 338 Hgko g
9 5 e e AAjgt

1) A. Kirubakaran, Shailendra Jain, RK. Nema :
“A review on fuel cell technologies and power
electronic interface”, Renewable and Sustainable
Energy Reviews, Article in press.

2) Atilla Bryirkogha : “Review of proton exchange
membrane fuel cell models”, International
Journal of Hydrogen Energy, Vol. 30, 2005, pp.
1181-1212.

3) James Larminie, Andrew Dicks : “Fuel Cell
System Explained(second edition)”, Wiley,
England, 2003, pp. 67-94.

4y Hui Li, Yanghua Tang, Zhenwei Wang, Zheng
Shi, Shachong Wu, Datong Song, Jiantu Zhang,
Khalid Fatih, Jiyjun Zhang, Haijiang Wang : “A
review of water flooding issues in the proton
exchange membrane fuel cell”, Journal of Power
Sources, Vol. 178, 2008, pp. 103-117.

5y L. Cindrella, AM. Kamnana., JF. Lin, K
Saminathan, Y. Ho, C.W. Lin, J. Wertz : “Gas
diffusion layer for proton exchange membrane
fuel cells—A review”, Joumal of Power Sources,
Article in press.

6) L. Giorgi, E. Antolini, A. Pozio, E. Passalacqua
: “Influence of the PTFE content in the diffusion
layer of low-Pt loading electrodes for polymer
electrolyte fuel cells”, Electrochimica Acta, Vol.
43, 1998, pp. 3675-3680.

7y Gu-Gon Park, Young-Jun Sohn, Tae-Hyun Yang,
Young-Gi Yoon, Won-Yong Lee, Chang-Soo

Trans. of the Korean Hvdrogen and New Energy Societ/2009. 8), Vol. 20, No. 4 329



8)

9

10)

330

L
—_

Lt

Kim : “Effect of PTFE contents in the gas
diffusion media on the performance of PEMFC”,
Journal of Power Sources, Vol. 131, 2004, pp.
182-187.

K.-F. Chiu, K.W. Wang : “Hydrophobic coating
on carbon electrodes for proton exchange
membrane fuel cells”, Surface & Coating
Technology, Vol. 202, 2007, pp. 1231-1235.
Ugur PasaogullariC. Y. Wang : “Liquid Water
Transport in Gas Diffusion Layer of Polymer
Electrolyte Fuel Cells”, Journal of The
Electrochemical Society, Vol 151, 2004, pp.
A399-A406.

Vladimir Gurau, Michael J. Bluemle, Emory S.
De Castro, Yu-Min Tsou, J. Adin Mann Jr.,
Thomas A. Zawodzinski Jr.
of transport properties in gas diffusion layers for
1.
Wettability (internal contact angle to water and
surface energy of GDL fibers)”, Journal of

: “Characterization

proton exchange membrane fuel cells

AOIE St AR &

OH

-/

i

11)

12)

13)

14)

=R

=5

=13

gtA DE

GDL &=+ 2E

of @

Power Sources, Vol. 160, 2006, pp. 1156-1162.
Jiang L, Eve S. S, Senthil Sm, Weijie L, Charles
M. Lukehart : “Carbon nanofibers “spot-welded”
to carbon paper by carbothermal reduction : A
nanomicro-scale hierarchical architecture having
low contact resistance.”, Chem. Mater, Vol. 19,
2007, pp. 6001-6006.

Jong Hyeok Park and O Ok Park : “Morphology
and electrochemical behaviour of ruthenium
oxide thin film deposited on carbon paper”,
Journal of Power Sources, Vol. 109, 2002, pp.
121-126.

Jielong S, Guozhong W, Yaodong L, Hongyan
Z. : “Study on polytetrafluoroethylene aqueous
dispersion irradiated by gamma ray.”, J Fluorine
Chemistry, Vol. 127, 2006, pp. 91-96.
Francisco A, Enric B, Pere-Lluis C. : “Impedance
study of the evolution of a HO,—generationg
hydrophobic gas diffusion electrode”, Electro-

chemistry Commumnication, Vol. 4, 2002, pp. 838-43.

al

=

AlOILH XIS S =28 H20A M4E 20094 82



