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�� %&�'(. !)*�% Li2CO3
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= >5, ��?@A �B9C �DE�, FG H��'IJ, hot coatingK� LM�3 PTFE- N0OP� +,�	 Q�

Pt/C- Nafion MRSIT UV6� %&WITX YZUV
 �M[� FG ���\(. ]�/$� ���	 �^_� ;�

�� ��`a� ]bc >5, 20 wt% Pt/C(0.4 mg Pt/cm2)- Nafion®115 d� LM�� 75oC9C e,D 
�f� g, 0.7

V
 h �D9C 517 mA/cm2
 �?@A< i\IJ, 0.5 V9C 0.52 W/cm2
 �j�k@A< lm7\(.

Abstract − New fabrication method of gas diffusion electrodes for PEM fuel cells was developed to minimize the effect of

polarization that causes the decrease of cell performance. The cell voltage drop in the high current density region was signif-

icantly decreased by the influence of the bimodal pore structure of gas diffusion layer which is established through pore former,

Li2CO3 and heat treatment at 350oC. Pt/C utilization was improved by using hot coating method for catalyst layer that doesn’t include

PTFE and glycerin. In H2/O2 single cell system at 75oC and 1 atm, best performance of 517 mA/cm2 at 0.7 V and 0.52 W/cm2 at

0.5 V has been obtained with Nafion®115 membrane and 20 wt% Pt/C(0.4 mg/cm2) loaded electrode assembly.
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� � ��� ���� ���� ��� �
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��,  !"�� #$, %& �� '�(), *+� ,-�� .� /

� 0+12 � 34 5
 6789 :9; ��< =>?@[1]. �A,

���  !"�5 BCD� EF; �� �"GH !I JKL� M

�IN,  ! -�/9 /� ��5 IO�� PQQ<, �(8R�"

8 ��� EF IST,  ! #U VW8 �� �� �
� �	�


� �
 X '�()� Y8G; Z� [\� ]^ ?@.

��� _`a b� @c� d 5
 ef�  gh �i�j k@. l

m, �� n�;<  !"�� op�  ! q -�? /� U�8 0

+5 IrK� s t� �(u 5
� tKj k@. v�(cathode)� �

��� ̀ W;< -�? /� back diffusion; �� ���w� P�<

c�(anode) xyQ IO, w� 5z; ISD{L ��� P��3 "

�|}� ~� ��Q ��D��(Fig. 1), ��� n��(5 /� �

�; 87�
 �� �� /I "B n�; ���  !"�� |}�

���^ DN I4k water flooding ��� �A, ����� [�;

< /��� ��%� �5h�� ��89 �9I D� t@. /��

� ��%� �I" ��<� �� n;<  !"�� opI ���

^ IrK� s t� |}�Q� ��, v� x;< -�? /� ��

� �k PQ5 o�DK tKj k@. �, ��� n� "B�(� I

�  � @�� �a� a s t� �¡u :��^ DN, Iu ��<

� "B� ¢"� £v; ~¤ "B� "
(pore functioning)� �� n

�;<� /��� �>� I��j k@. Y¥; carbon paper 

�

� EF¦ eI; §��¨� PTFEQ ��? �s�� "�©�¦�

�ª�yQ« �� n�;<  !"�� op� /� 0+
&I ¬­

? ��=�5 ��? ® tyN[2-3], water flooding; �k �
 ¯�

u w" ��< v�;< c�1\yQ ���w� Pk /� back

diffusion |}� �5h�{L, /� ��I SIk "� |} channel
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104 �������
� _`�� 12 �I ¬,D°@[4-6]. ±k, ���(� �:�I �

�DW<, �� ��/�� (�� ²(12I �� �( ��; ³´

� [\; µk Z� ��5 h�D� t@[7-11]. *4L, ¶�·
�

��� "B�(5 �� n�;<� /��� ̧ ¹º» X �	�
 �


; ³´� �aI ¼oA ½¾� t
 �� ¿>I@. ÀmQ, EFª

�5  !; Á3a s t� �´; UÂ8yQ �ÃDK t�, ���

�� �E��� \�hÄyQ« ��  !� �k Å�`W(three phase

zone)I Æ�A ��DKj k@. ÇÈÉ EF9 ÊÈEF� eS$�

Y�G�3 �	�
� �²�� o��" �k Z� ��5 ËÌD�

tc;� Í���[12-15], EF� �Î��I  !; Á3�
 Ï��

tcI Ði� tyN, I4k ÊÈEF� Ñ� IST� �	�
�

�SGu ��<  gh �=�ja Ò²Q 
8D� t@. EF¦ ²

(h PTFE� Ó+ÔÕ� Ö5a ��, I� ��I EF VW� ×{

L(blocking), "B� w¶ØÙ(clogging)yQ« EF IST�  ! #

U VW8� Ú�hÛ ÜÝ ¶º�, ��� �"���� ¯�h�^

?@. ±k, "B�5 ���^ ¢{L, �� Þ�5 Þß�� ��;�

��� �"8 ¯fI �5�^ D� �àI t@. ~�<, �"8 ��

I �sk �� ��u ¬,�� Oh; �"8 ¯f� Y�Ga s t

� �(u ��h�" �k Y8� ²(12� á� âI ãs8I@.

ä ��� �� ²(12� ¬­� Pk ��� ���� �	�
�

�
\�� å8yQ �� tyN, ����; �k ���
� �
¯

�u Y�G�" ��3 @c� Þ 5
 æà;< ��5 sÌD°@.

lmQ, water flooding ��I ,-a b /��� ¯fyQ 9k �%

ç�5 �5�� Ò²à� �=�" ��3 "B��²� Ö5 X .

0+ �>� P�< "B�(u ¬­hè @B�� "�©�¦� ��

�(; ��hé@. ÀmQ, ����¯f� EF IST� Ú�h��

PTFE� Ó+ÔÕ� eS� ê�A �²h�" ��< hot coating2�

�ª�3 EF¦� ²(�ë@. I� ìI ²(? ��yQ ��-��

�w Kíî+u ���� ���
� �
� ï>�ëyN, ��� �

(� ²(12� ¬­I �
 �
; ³´� [\� ðñ�ò@.

2. � �

2-1. ��� ��

ä ¿ó;< ²(? ��� §� 

�, "�©�¦ *+� EF¦

yQ ��? 3¦ �(Q IrK� tyN, "�©�¦� n��( ôG

� EF¦� (�; ~¤ �
� ¬­U�u Ð¶�" ��< "�©

�¦� EF¦; µk "B��²� Ó+ÔÕ� Ö5 #õ; ~�< ö

5
 #�� ��� ²(�ë@(Table 1). ä ��;< ¬,? ��


��� ²(�>� ¬:u Fig. 2; |} ­�Q L÷n°@. Fig. 3�

"B��²Q eSk Li2CO3 =>� øH �³� eËyQ<, ùI5

ú 50µmI� ��I s µm9 Êû� Ðü+� �¨I@. ý�à�

618-720oCQ þyL, ÿ� �p� �� /; S�DN, Ð��;� S

�D
 �� ��� IS�" ��3 "B��²Q ���ë@.

2-1-1. @B� "�©�¦� ²(

§��¨(Vulcan XC-72, Cabot Co.)� Li2CO3 =>(E. Merck Darm-

stadt)� �7�� IPA(Isopropyl alcohol) 8Î$� �� q �c	 �p

";< 5�
 �ph� slurryu Ý�°@. Ib "�©�¦ n� §�

�¨� �$� 5 mg/cm25 #
D�� �ë@. =7²Q< PTFE(Poly-

tetrafluoroethylene, 60 wt%, Aldrich Chemical Co., Inc.)u 30 wt%� J

>k �$
ÂQ Ö5�3 paste�¡Q Ý� @c ,s0+k carbon

cloth 

��; �� rolling2; ��3 ��^ ª�@. IPA ���

Fig. 1. Schematic of mass transports at the interface between cathode
and membrane.

Table 1. Characteristics and fabrication conditions of electrodes

Electrode type
Fabrication method

Gas diffusion layer Catalyst layer

Type A w/1) pore former w/o2) glycerin
Type B w/ pore former w/ glycerin
Type C w/o pore former w/o glycerin
Type D w/o pore former w/ glycerin

1)w/: with, 2)w/o: without

Fig. 2. Flow diagram for the preparation of electrode using pore former
loading and heat treatment for gas diffusion layer and hot coat-
ing method for catalyst layer.
���� �39� �1� 2001� 2�
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� ��� PEMFC� �
� �� �� 105
²{�" �� 70oC, ËB �;< 1h
 O� ��� )(hé@. 1 M

� �pS�; ��� �� 30�
 �3 Li2CO3 =>� ²{��, 3-4

� ��s; �� �3 �p��� �K� @c 80oC, ËB �;< 1

h
O� )(hé@. 350oC, B"��";< .0+�3 PTFE S�

�; Ã�? �p² ��� ²{�� �� VW� �=hé@.

2-1-2. EF¦� ²(

2-1-2-1. Ó+ÔÕ Ö52; �k EF¦� ²(

Pt/C(20 wt% on Vulcan XC-72R carbon, ElectroChem, Inc. 0.4 mg Pt/

cm2)u Nafion® solution(5 wt%, Aldrich Chemical Co., Inc.)� 3 : 1()(

�$ "�)� �$
Q �7��, SF9 IPA� Ó+ÔÕ(Pt/C :Ó+Ô

Õ=1 : 4� �$
)� �� q �c	 �p";< �ph� slurryu Ý

� @c ��� "�©�¦ �; ��^ �Ã�ë@. ��� ��, B"

�;< 10h
 O� )(h��, @h 60oC, ËB �;< 1h
 O� )

(hè @c, 350oC, s�� ��� �7"� ��"(1 : 5� ��#$


)�;< �� .0+hé@.

2-1-2-2. Hot Coating2; �k EF¦� ²(

Pt/C EFu Nafion® solution� 3 : 1� �$
Q �7��, IPAu 8Î

$ �� q �c	 �p";< �ph� à�� 5Ë slurryQ Ý� @c,

SFu �É�^ �,h�" ��< 45oC� J>��Q 5.D� hot

plate; �>hè "�©�¦ �; silicon bladeu IS�3 �$�  6

�3 brushing�ë@. ��� 80oC, ËB �;< 1h
 O� )(hè q,

350oC, s�� ��� �7"� ��"(1 : 5� ��#$
)�;< ��

.0+�ë@.

2-2. ����� �	
 � �/�� �
�
(MEA)� ��

��� ���w� Î$ õ^5 1,100I� Þ�5 127µm9 DuPont

e� Nafion®115u eS�ë@. �pGs�(H2O2) sS�� �p

(H2SO4) sS� �;< �� 1h
� �9 q ��sQ 2, 3� Ô��

ë@. �$� Nafion® solution� �� VW; brushing�� 80oC� B

"��";< 1h
O� )(hè @c, Nafion®115 w� vx; OJ

�^ ²(? 1 cm2 W8� ��� Þ� 120oC, 3 Metric ton(2,000 psi)

� ��� %&yQ 3�
 hot-pressing�3 Kíî+u Ý�°@.

2-3. �� �� � ����� ��

Mercury pore sizer(Autopore III, Micromeritics Co.)u IS�3 ��

"�©�¦� "B�Ãu ï>�ë@. *+�, SEM(H-6010, Hitachi

Co.)� IS�3 �� "�©�¦� VW�(u æ��ë@.

Cyclic voltammetry(CV)� PAR M270 ��� K; �� monitoring

D� PAR 273A potentiostatu eS�3 ï>D°yN, s� !" �¢

� W8� IS�3 �� !� #UVW8� ÊÈEF� IST� `

p�ë@.

2-4. ���� �� ��

MEA� �
� ï>�" ��3 ���
 �
ï> h#$� ���

� DC electronic load(6060B, Hewlett Packard)u IS�3 �� µ �

% ��%­� &°@. ���w� )(u 1
�" ��<  !"�5

���
; BCD" �; �� 5z"u P�< 5zhé@. 5z"�

��� ���
� ���@ anodeï� cathodeï �� 10oC� 5 oC

Ý' þ^ '��ë@. ���
� 75oC� J> ��;< '��ëy

N �� 5%� �
 �ò@.

3. �� 	 
�

3-1. �� �� � ����� ��

3-1-1. �( �(

Fig. 4� "B��²� Ö5� .0+ B>; �k "�©�¦� "

B�Ã ôGu L÷n� "B� �(=�I@. Fig. 4(a);< Ð s t

� ®� ìI, "B��²� .0+ B>; �k "B�� �>� {

´
 �� ")� "�©�¦� "B� ��I 0.1µm I�9 *�;

]Q �ÃDK t@. *4L, 350oC;< .0+k "�©�¦� ��,

�� 0.03-0.06µm *�� ³h"B(micropores)� 
ÂI ¢^ �5

�ëyN, Li2CO3u Ö5�� �p0+k "�©�¦� .0+ �>

� P�3 ��? ³h"B [�� �� ú 5-20µm *�� {h"B

(macropores) [�� "B 
ÂI �5�ë@. �, Li2CO3u Ö5k "

�©�¦� �p0+�3 Li2CO3u ²{hÄyQ« {h"BI -�

D°yN, .0+ B>� P�3 =7²Q eSk PTFE S� �; Ã

Fig. 3. Microscopic image of pore former, Li2CO3.

Fig. 4. Specific (A) and cumulative (B) pore volume distribution of the
gas diffusion layer with or without pore former loading and heat
treatment: (  ,�) without heat treatment and pore former load-
ing, ( , �) heat treated without pore former loading, ( , �)
heat treated with pore former loading.
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1.4
�DK t+ �p² ��� �,h�� �>� P�3 ³h"B [�

� 
ÂI �5�^ D°c� Ð s t@. "B��² 0+5 "B�

Ã; ³´� [\� "B� ��; ~¤ "B ��� ,8�Ãu L÷

n� Fig. 4(b);<� o9a s t��, {h"B [�;< ,8%­

� "-"5 "B��²� Ö5; �� �µ8yQ C.�^ �5�

� tc� / s t@. ")� ²(12yQ ²(? "�©�¦� "

B�Ã� 
0� / b, ä ��;< eSk 2�` "B�� �> �,

"B��² 0+� .0+ B>� P�3 ²(? "�©�¦� ��

"B�� 8% I� �5�
 �yL, "�©�¦ n�; I� "B�

( �Ã(bimodal pore size distribution)5 ��1yQ« @��(� /

� IO�Q5 -�D°@� à; ]åa ã:5 t@.

Fig. 5� "B��² Li2CO3� Ö5� .0+ B>� P�3 "�©

�¦ n�; I� "B�(u ��h�� �>� �28yQ L÷� â

I@. "B��²Q eS? Li2CO3� ¢"� £v; ~� {h"B�

�¡5 =>D�, 350oC;<� .0+ �>� P�3 ³h"B [�I

-�D� �>� �3]� t@.

Fig. 6� "B��²u Ö5k ��� "�©�¦� �p0+�" �

[(a), (b)]� q[(c), (d)], *+� 350oC� ��;< .0+k q[(e), (f)]�

"�©�¦ VW� 2,000�� 20,000�Q oµk SEM eËI@. ä �

�;< eSk Li2CO3 =>� 34 ��I s-s5 µm *�6� �i

a b, "B��²u Ö5k ��� "�©�¦� �p0+�3 "�©

�¦ n�; )��� t+ Li2CO35 �p; S�, ²{1yQ« * �

+5 7 B
yQ 8^ DK (c)� (e); �I� ®� ì� 5-20µm �

�� "B�I ZI -�? â� Ð s t@. (b)� (d)u 
0� / b,

"B��²� ²{u �� sÌk �p0+ �>� P�<� "�©�

¦ VW� ³Ô�(� ôG5 {� L÷L
 �ò@. *4L, .0+ I

q; {h"B� ¢"� �Ã� {� ôG5 9�  W;, (f);<0:

0.1µm I�� "BI ZI �5�yQ« ³h"B�(5 \�? â�

o9a s t°@.

3-1-2. �"GH8 �(

Fig. 7� EF¦ ²(h Ó+ÔÕ� Ö5#õ; ~¤ ��� EF I

ST�  ! #U VW8� 
0� �" ��3 �� Ó+ÔÕ Ö52

� hot coating2yQ ²(? ��(Type A� B); µ�3 ï>k CV

(Cyclic Voltammetry) =�I@. s�� !"� ;" peak� W8� 


0� �W hot coating2; �� ²(? ��� peakW8I < =� â

� / s t@. s� !" peak� W8� IS�3[14]  ! #U VW

8� EF IST� ̀ pk =�(Table 2), Ó+ÔÕ� Ö5�
 �� �

�� EF IST(57.6%)I Ó+ÔÕ� Ö5k ��(28.1%)�@ 2� I

� \�D°yN #U  !W8� ¢^ �5�ëc� o9a s t°

Fig. 5. Schematic diagram of the bimodal pore forming mechanism for
gas diffusion layer.

Fig. 6. Scanning electron micrographs of the surface of the gas diffu-
sion layer at each preparation steps. (a), (b): before acid treat-
ment; (c), (d): after acid treatment; (e), (f): after heat treatment.

Fig. 7. Cyclic voltammograms of electrode fabricated using hot coating
method and conventional glycerin method(Type A vs. B).

Table 2. Effective surface area and catalyst utilization of electrodes pre-
pared by different methods for catalyst layer from CV results1)

Preparation method
H2 adsorption peak 

area(mC)
Effective surface 

area(m2/g)
Catalyst 

utilization(%)

Hot coating method 67.72 62 57.6
Conventional method 32.99 39.3 28.1
 1)Assumptions[14], 1. Pt particle mean diameter: 2 nm, 2. density of Pt: 2
g/cm2, 3. surface charge of Pt: 210µC/cm2
���� �39� �1� 2001� 2�
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� � Hot Coating
� ��� PEMFC� �
� �� �� 107
@. EF¦ ²(h PTFE ±� Ó+ÔÕ� =7²Q eS�
 �� �

�, )(�>;< �� VWI >�
� Ò²àI tyN ±k, ���

/+8 ç�5 ?¶
" bÒ; �	�
� Mh
 '�h; �
 ¯

�5 ,-�� ]: �9I ?@. *4L, PTFE ±� Ó+ÔÕ� eS

a ��, �" ���I Ú���, �$yQ Ö5@ b;� "�� IO

PQ5 D� "B� w^ @ ÜÝ ¶º�, EF VW� ×K  !W8

� Ú�h�^ ?@. ä ��;<� hot coating2� eS�3 EF slurry

�; Ã�? SF ��� "�©�¦ VW; ®}� Oh; �,hÄ

yQ« >�A ��I JKL
 �òyN, ���  ! #U VW8�

EF ISTI �5D°c� Ð s t°@.

3-2. �� �� ���  ! ���� �� "�

3-2-1. "�©�¦ ²(12; ~¤ [\

Fig. 8� "B��² Ö5; �k "�©�¦� "B�( ôG5 ��

�
� �
%­; ³´� [\� Ð¶�" ��3, EF¦� hot

coating2; ��3 OJ�^ ²(�� "�©�¦; "B��²u Ö

5k ��� Ö5�
 �� ��(Type A� C)yQ L,K �� ���


u ���� �
� ï>k =�I@. "�©�¦; "B��²u Ö

5k ��� ���
 �
%­;< ����� [�;<� �
I ¢

^ \�D°c� Ð s t@. s�/p� ���
 h#$� ��, /�

�� ��% [�;< C.k �%ç�5 ,-�� â� water flooding

; ��3 �� n;<  !"�� ��I ²k1yQ« EF  !�

´;<  !"�� B�5 Ú��� âI ]�9IN, I4k ���

����� [�yQ >s� C�
^ ?@. *4L, "B��² 0+

? "�©�¦� 5Ë ��� �
%­;<� ����� [�;<�

C.k �%ç� ��I L÷L
 �òyN, I� water floodingI -

"
 �cyQ« /��� ��%I Ú��ë" bÒ9 âyQ D�?

@. ~�<, "B��²; ��3 -�? 5-20µm *�� {h"BI

��� / ��
&� \�hè âyQ e	?@. Wilson �[16]� 3

4�� 30µm� "B�(u 5Ë carbon paperu eSE� b water

flooding ��I C��< �
I ¢^ Ú�1� �I� =�u ���

W<, ��  !; �� -�? /� U�8yQ ²{�" ��<� ³

h"B �(u 5Ë op¦� eS�� âI 87�@� ]Mk ® t

@. kF, Fischer �[9]� "B��² 0+k thin film catalyst layeru

²(�3 EF¦ n�; {h"B� -�hÄyQ« EF IST� �

5h�� 12� ¬,, B"u pG²Q eSk �	�
� �
� ¢

^ \�hÛ s tc� �ë@. *4L, p�u pG²Q eSk ��;

� �
�
; G ôG5 9°��, I4k =�� "B��²Q -�

? EF¦� {h"BI ��� water flooding; [\� ]"�@� B

"� ����� clogging; �k �
¯�u �I�� U�5 tc�

�³k@.  W;, s�� p�u  !"�Q eSk Fig. 8� �
¿ó

=�� "�©�¦; -�? I� "B�(5 �� n�� water man-

agement; [\� ]� tc� �3]� t@. HyQ s�/B" h#

$; µk �
¿ó=�5 I51yQ« �� n�;<� UÂ8 /�

��� ²K�" �k "B�( _`; ã:k < Z� >�u &� s

t� âyQ �9@. �
 �% 0.6-0.3 V� �
;< �% ç��
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Fig. 8. Influence of the pore former loading in the gas diffusion layer on
the performance curves for H2/O2, PEM single cells at 75oC, 1 atm
with 1 cm2 active electrode area and 20 wt% Pt/C, 0.4 mg Pt/cm2 in
the catalyst layer fabricated by hot coating method(Type A vs. C).

Fig. 9. Comparison of polarization curves of electrodes fabricated by
different method for catalyst layer with pore former loading;
(�,� ): hot coating method, (�,�): conventional glycerin
method; H2/O2, PEM single cells at 75oC, 1 atm with 1 cm2

active electrode area and 20 wt% Pt/C, 0.4 mg Pt/cm2 in the cat-
alyst layer(Type A vs. B).
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