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� ö.æ VF 7 �ò*æ B*f êz>²ê�~ �òö

��B >²f �V7~ Ö²¢ *V z�' O»b� >w�

BB ç7 *V¢ �Ö~� ¦>'b� >w�ê �W�
. 6

� �ò*æº êz>²ê�~ �ò ¯ LNG, zêR, Cê&

Ê � �ò F� �� ��, 
·� Ïï 5 *K >ºæ Úö

J~& Ï�� 6 �ê � Ë6� B
. ��æ� �ò*æ B

*f �B J«� ÖÒ¾¢ ö.æ VF~ º�ö ¦w~�,

2000j& ö.æ VF ¶ãöê �² V� � > ®º � ö

.æ VF�¢� � > ®
[1, 2].

�ò*æ B* VFf 1960j& ��~ Ö"F *K �/

Ï �ò*æ B*V BB� �Ï'� VFBB ÿV& >îb

�, *KÒëÏ~ �ò*æ ��BBf 1970j&¦V ��"

¢�öB '' TARGET Project, Moonlight Project � �&'

��BB "B� ºê>Ú z
. V¢B �ò*æ B*VFf

��, ¢�� ë6~� ®b� �ö &� OÚ' *ÛöB F

#�&(��Ò, J�¦�, ë¢ �)& ’80j&¦V BBö "

K~� ®
. �f ?f ��BB Ö"� �" �Ö; �ò*

æ(Phosphoric Acid Fuel Cell)VFf 
Ïz �êræ f ®

b¾ 7ºVF�^ G�öB Fê�
~ VF�^ ;kf z

× ;z>� ®
.

ÖÒ¾¢ê 2000j& "�VF Fê� ê«j Ï�� ß;

VF ª¢öB ^ê ¢~ >&~ VF ãçK {�¢ ~V *

� �� VFj F;~� ÷7 BB~� ®º FêVF BB

Òë(G7 *�CÞ)ö � ö.æ BBÒëj ���B >¯~

� ®b� �7 �ò*æ B*VF BBj 7º� "B� F

;~� ºê~� ®
.

�ò*æ B* VF 7 �Ö; �ò*æ B*� 
Ïzö

B¢ ô� "7>Ú ®
. ¢�~ ãÖº �Ö; �ò*æ~


Ïz¢ *~� �Ö; �ò*æ VF ����(Phosphoric

Acid Fuel Cell Technology Research Association)j �W~�

NEDO(New Energy and Industrial Technology Development

Organization)f �þ ê�ö.æbæ;(Urban Energy Center

Type) 5,000 kW 5 *æ J~;(on-site) 1000 kW/j 1994j

¦V �ºÚ*~� ®
. �Þ ¢�öB~ �ò*æ BBO�

f BB .Vöº çÏz¢ *�B V� º²VFj ã�~�

B�VF" Ú*ãþ
j »'~� &Ë Î"'� O»j d

jzb� � ¢~b� Tokyo Electric Power CompanyöBº

êê �� "¾ Goi Thermal Power StationöB ��~ Ê�

VF(IFC)" ¢�~ �Ê�(Toshiba) 5 Ú*VFj �ê�B

^êöB &Ë � 11 MW/ �Ö; �ò*æ B* 2ÂÞ~

Ú*�þj >¯� : ®
[3]. �f ?f *Ë
þf �ò*

æ B* 2ÂÞ~ ��' JêVF" �ÖWj ¸�º� �²

V�� ©�� �� &æ Ú*VF� »'F ©�
. ��¾

��� BBO�, ¯ �ò*æ~ V� º²VFj ���~�

&; �ºÒë" ��'� BFö ~7� BBO�f �ÎN,

��ÖW 5 ãB' &Ï Ï�ê��¢º Ë�º�j ��~

æ á�b�B *Ò~ �ò*æ¢ çÏz~º� ^B& ®r

j ��² >î
. V¢B ¢�f �" ��� ^B6 ��j

*�B ;¦, *K²Ò, B�²Ò 5 ��² �� ;¦~ &�

'� æö ~ö V� º²VFj ��~º ê³j ºê~�

®
.

2. �ò*æ «~ 5 ßW

�ò*æº Ú¦ *�îö ~~� 
r Table 1 ~ 5&æ ;

�� �ªB
[1, 4]. ' �ò*æº "�'b� ?f öÒö

~�B ·ÿ�
. B� 
� 6f �ò~ «~, Ú* Nê, *

�î�
. �7 ê²Òò¢ &Ë ô� ÒÏ~º �ò*æ~ ;

�º �Ö; �ò*æf, �Ú�ª¶; �ò*æ� /
 ææ

Ú, /
 �Ú, :��¢ 2.�Þ 6, ªÒ6 �� '¶~ V

Ëj �Ò� ê²Òò� �W>Ú®
. � �öBº &�'b

� �Ö; �ò*æöB~ ê²Òò~ �Ï VFö &~� B

F�
.
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�Ö; �ò*æº �Öj *�î� ÒÏ~V r^ö ®J

æº �ª�� � VFf 20j �ç BB>� BF>Ú z
.

6� ôf Ú* �*b� �ò*æ �Ê�öB &Ë n;>�

%j ò� �Ê�b� {ã>î
. � VFf *V �Öö j

v' B>� >²(70% �ç)¢ º�~� Â�&Ê 6º zê

Rj Bî � �ò& >²öb� ÒÏB
. �Ö; �ò*æ

º �Özê²(CO2)ö ÚW� ®b¾, W. /
º ß® Ôf

Ú* NêöBº ¢Özê²(CO)& �ëj ¢ö /
 WËj

*&® 6²�Î
. 200oCöB ¢Özê² ®Bb &*~

1~2% çßf îÏ� > ®
.

�Ö; �ò*æ Ú~ *�f ê² ææÚ~ ��*ö /


�� W.�¾ W. b�bj ê�~� B��
. *�f æ

æ[ _f &Ê {Ö[, *� /
[ *�î ææ[ �Ò� *

~ ÷*[j ���
. ææ[f *� /
f &Ê ç�~ �

ò 5 &Ê �Wb Ò�~ ãê¢ B��
. *� /
[f *

� /
¢ ææ~º r*�� ê�B 
�W ê²& ¢>'b

� ÒÏ>� ®
. W. b� /
º B> W. /
 �


Cathode �Wê¢ Ëç�ÊV *~� ÒÏ�
.

�Ö; �ò*æ~ Ú* Nêº £ 200oC�
. �©f �Ö

*�î~ n;ê¢ *~� îÏ~º �& 8�
. � VF�

*Òræ B>� B* ÎNf 40~50% ;ê�
. � >&�


¸f ÎNj <V *�Bº *æf Ê� �W®~ æ³'�

BB" «��Ê�~ ÎN'� BÚ& jº~
. 

�Ö; �ò*æ~ >w� B� >w�æ� �ò*æ~ �

' ·ÿNê� 200oC� Fæ~V *�Bº �Ê�j ï'�

B¢ ~� �r �W>º >w�j �Ï~� �ò*æ �Ê�

~ C ÎNf 70% �ç ¸¢ > ®
.

 

3. �Wê ÒÏê² Òò

�ò*æº �² �ò*æ �Ú(stack), �òBîË~, *K

æ~Ë~� �W>� ê²Òò& ô� ÒÏ>º �ò*æ �

Úº Fig. 1ö ¾æÞ :f ?� *�(r, ·�), *�î[,

Bipolar plate ªÒ6 5 *~ ÷*Ú� �WB
. *�f *�

ææÚ(carbon paper, carbon cloth) *ö Pt/C /
 �j z+

~� B��
. *�î[f *��(�Ö �)j ��~� ®º

jªb� �WB
. Bipolar plateº º�>º �Ê�ö ¦�>

² 
�W 6º ~&� ê²Òò� �W>� ªÒ6f ~&�

ê² Òò& ¢>'b� ÒÏB
. 

&� *�ææÚ

*� ææÚº /
[j ææ~º �� �öê *� /
[

" ªÒ6 Ò�~ *~ ÷*Ú ��j ~� *æÚ~ >wb

" �Wb~ /
[~ n"<b� Û~º 
BÚ& B
. V

¢B *� ææÚº Porous�¢ �
. ¯ *� ææÚº ªÒ

6j Û"~� 
ÚN >² _f Ö²& *� >w�(/
[)

ö ê�� > ®ê� 50~90% ;ê~ V�Nj &ê ê²«�

¢ "� ÒÏ�
. � ê²«�º >w VÚ 7ö ��>Ú ®

º >ª� V�Ò�¢ ïº *çj Oæ~V *~� PTFE

(polytetrafluoroethylene)· 5 ²Ö ��j �.~� O> ¾

Ò>Ú¢ �
. 6 *� ææÚº *� /
[~ ;�¢ ¢;

~² Fæ~� *�î" 7/�j ¢;~² ò
Ú&
. *�

Ú~ &�j �²� ~V *�Bº *� ææÚ~ *êêº


Ö ¸j¢ �
. V¢B �Ö; �ò*æfº �Ò *� ææ

Ú~ /
[ >&�ö ê²òb� B [j ò�º ãÖê ®
.

*�~ ææÚ� "� ÒÏ>º ê²«�(carbon paper)º

ê²RFf Resin~ b�bj W; ²Ö~� ò
� resinb�

º Phenolformaldehyde, Polypropylene sulfide, colloid 8440 �

� ÒÏB
. � r V�Nf 60~80% ;ê�� ï� V��

Vº 20~40µm, �*êNf 2.0 Btu/hrÁft2�
. �ò*æöB

 

Table 1. Types of fuel cells

 �ò *æ ;�  * � î  Anode >w  Cathode >w  Nê

 �Ö;(PAFC)  �Ö (�Ú)  H2 � 2H+ + 2e−  O2 + 4H+ + 4e− � H2O  200oC
 r¢Ò;(AFC)  >Öz¢�(�Ú)  H2 + 2OH− �  2H2O + 2e−  O2 + H2O + 4e− � 4OH−  80oC
 �ª¶*�î;(PEMFC)  ¾bN  Dow �Ò^  H2 � 2H+ + 2e−  ¥O2 +2H++ 2e−  � H2O çN~100oC
 ç7zêR;(DMFC)  ¾bN  Dow �Ò^  CH3OH�H2O � 6H+

�CO2�6e−  3/2O2�6H+
�6e− � 3H2O çN~130oC

 Ï[êÖ";(MCFC)  Lithium or potassium
 carbonate(�Ú)

 H2 + CO=
3 �  H2O + CO2 + 2e− CO

 + CO=
3 �  2CO2 + 4e−

 O2 + CO2 + 4e−  � 2CO=
3  650oC

 �ÚÖzb;(SOFC)  Yttria-stabilized zirconia
 (�Ú)

 H2 + O2− � H2O + 2e− CO + O2 
 � CO2 + 2e− CH4 + 4O2− 
 �  2H2O + CO2 + 8e−

 O2 + 4e− � 2O2−  1000oC

Fig. 1. Schematic configuration of PAFC stack.
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*� ææÚ� "� ÒÏ� ê²«�º Kureha E-715f Toray

TGP-H-90� ®b� �
~ bW~¢ Table 2f Table 3ö '

' ¾æÚî
.

�Ú�ª¶ *�î; �ò*æöBº ê²«� &�ö ê²

Âj *�ææÚ� ÒÏ~º ãÖê ®
. �r ê²Âj b

& O> ¾Ò� 
r �ã�öº /
[j, 
� �öº ê²

[j ;W�Î
. *Ò rJê ê² Â~ �/¾º ¢�

Kureha, Toray, Showa DenkoÒ �� ®�, '�~ Carbon

Cloth International Ltd �Ò� �Ú~ �� z�:öB ²ï

B�~º ©b� rJ^ ®
.

*�ææÚ¢ O> ¾Ò~º O»f 
r" ?
. '�� �

V� ê²«�¾, ê²Âj ¶� 
r, FEP120(Tetrafluoro-

ethylent �  Hexafluorethylene~ copolymer, Dupont Co.)j

20 wt%� �C�Î >Ï�ö £ 20~30.* �" ê �V 7

öB ~�ÿn ���Î
. �©j 
� 375oCöB 18ª* ²

W �Î
.

¾� *�/
[

*� /
[f ¢>'b� W.� Î&B ê²ªö� ÒÏ

>� � ê²ªöf >w�'j 9®º ��j �
. *Ò *

� /
[ B�ö ô� ÒÏ>� ®º ê²ªöj Vulcan XC-

72, Monarch 880(Cabot. Co) 5 Schawinigan Acetylene Black

� �� &æ& ®
.

*�~ WËj Ëç�Ê� *æ >«j ¾ÒV *�Bº �

WË *� /
[j B�~�¢ �
. *� /
[f *� æ

æÚf îR&æ� >w&Êf *�îïö �/F b, �Ò�

*Vz�>w Ö" �WB >wb
� Û"F > ®ê� '�

~² O>¾Ò >Ú¢ �
.

*Û'� O»b� *� /
[j B�~º O»öBº O

>Î"¢ Úº Î&B� PTFE& ÒÏ>� ®º�, � PTFE

º O>W �ö *� /
[ Úö «¶
� B� ¾ Ö�>ê

� ~º ��j �
. V¢B PTFEº *� /
[ Úö �¢

~² ª�>Ú¢ �
.

�ò*æöB >²f Ö² &Ê¢ ÒÏ~V *~� �
j

*�îö �/�B "Ú¢ �
. � �ö &Êf *�î Ò�

~ ãê[öB >w� ¢Ú¾ê� /
¢ J~~�¢ �
. *

Vz� >wö ~� *¶¢ �ÿ�ÊV *�B *V *êW�

Ö>� êÚ¢ �ö /
ö ê�~ê� �
. �¢ *~� &

Ê{Ö *�� jº~
. &Ê{Ö *�b�º 
�W�� *

V*êW� ±f Òò, .¢ 
� Carbon paper 6º Carbon

cloth¢ ÒÏ~� � *�~ &Ê Gf O>¾Ò~� *�î

G" î" ¹�º ãöº /
¢ «²
.

�òº *�~ V�j Û~� &Ê�*" *�î Ò�~ ã

ê'�b� {Ö>Ú 
ÚfB *�îöB �j
� V�ö

®º /
 ãb� �ÿ�
. �� 3ç ãê(�Ú-�Ú-VÚ)ö

B *Vz� >w� ¢Ú¾� �VB &NB *¶º *�j

�ö æ~>æ� � '�ò >w" &N� B
. &Ê Gf O

>W�æ�, V�ö ®º *�î~ Î^&K" *�~ >BK

� ï;ç�¢ Fæ~² >Ú ²* 2® Î·j ;W~² >

� 3ç ãê& ;WB
. {Ö ã�& 
V r^ö � [öB

ò >w� ¢ÚÆ > ®
. ��æ� *�ö V�j &Ë� ô

² ~� �W �'j 9&¢ �
.


� :��¢6

:��¢6f *æ ;�ö V¢ 
�W(porous bipolar plate)

:��¢6" ~&� :��¢6(non porous bipolar)b� ¾

*Úæ� �rö ÒÏ>º ê²& '' ç�~
. 
�W :

��¢6 ��º VÚªV ��j ~º 
�j ê²Ú& &æ

� ®º ;���, ~&� :��¢º >wVÚ Û� 5 ªÒ

6 ��j ÿ�ö >¯~º ;��
(Fig. 2). 

1) j
�W Bipolar plate(non-porous)

Table 3. Properties of the Toray carbon paper [6]

 «~ 
bW

 TGP-30  TGP-60  TGP-90  TGP-120  TGP-510

 vþ(mm)  0.09  0.17  0.26  0.35  1.5
 Ú'&ê(g/cm2)  0.42  0.49  0.49  0.49  0.51
 V�N(%)  75  73  73  73  72
 &ÊR"ê(mmag/mm)  28  32  32  32  40
 j&�(ΩÁcm) �>çOË(�OË)  0.07(0.005)  0.07(0.005)  0.07(0.005)  0.07(0.005)  0.07(0.005)
 �*êê(cal/cmÁsecÁoC)  6Ü10−3  6Ü10−3  6Ü10−3  6Ü10−3  6Ü10−3

 ;ê(kg/cm2)  260  260  260  260  260

Table 2. Properties of the Kureha E-715 carbon paper [5]

vþ(mm)  V�ê(%)  &ê(g/m2)  &�(Ω/m2)

 0.4  88  150  0.5
Fig. 2. Structure of PAFC stacks with (a) nonporous bipolar
plate and (b) porous bipolar plate.
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(1) B�O»

�� ERC(Energy Research Corporation)öB B·� 5"Ü

15"~ bipolar plate~ B�O»j ²B~� 
r" ?
[7].
ùÖF «ã� 6 µm >º Carbon powderf phenol-formalde-

hyde(PF) resin b�
ù«ã� 50µm >º Carbon powder¢ 3:7~ jN� ¾ b

��ê �¢ PF resin(15~30%)f b�
ù 4,300 psi, 350oF £ 5ª* {»
ù£ 3,000oCöB ²Ö(®�W VÚ ª*V)

(2) bÒ' ßW

j
�W Bipolar plate(non-porous)º *V' &�� 'Ú¢

~�, ¸f &ê, ¸f Vê' ;ê¢ º��
.

��� ßW
f bipolar plate B��~ resin �ïö �²

'Ëj A² B
. ERCöB ��B ''~ ßWj ÚÚ��

8f 0.005~0.04Ωcm~ º*�� &êº 1.7~1.9 g/cc º*

�
.

2) 
�W Bipolar plate(porous)

(1) B�O»

¢� Kureha Chemical Co.~ B�O»j ÚÚ�� 
r"

?
.
ù Carbon fiber, PVA(polyvinyl alcoholl)f phenol resin b�
ù 1N b�b *ö PVA~ ·j 5~20% *¢ �W~ b�b

j R«
ù 100~200oCöB 5~100 kg/cm2~ {Kb� 2~60ª* {»
ù 1500~2400oCöB ²Ö(®�W VÚ ª*V)

(2) bÒ' ßW


�W bipolar plateº gas channelj &æº ribbed layerf

non-ribbed layer~ v ¦ªb� �W>� � v ¦ª~ ßW

f Table 4f ?
. 

¢� ªÒ6	4FQBSBUPS


�**æ '[� ÒÏ>º ªÒ6f *V&�� ·�, &Ê

R"N� ·b� ;ê& ¸j¢ �
. B�O»f graphitef

glassy carbon~ b�bö resinj Î&~� {»W;~� ²

Ö�
. ¢�~ Kobe steel" Tokai CarbonÒöB B·~� ®

º ªÒ6~ bWf Table 5f ?
. Tokai CarbonÒ~ T2183

ªÒ6f glassy carbon" graphite~ b�b� �W� >Ú®

b� glassy carbon" graphite ¶Ú�ò B ªÒ6"~ bW

jv¢ Table 6ö ¾æÚî
.

6� Tokai carbonÒöBº porous bipolar plate(ribbed

electrode¢�ê �*�)~ ·�j &/~� ªÒ6~ ·�ö

7O�Î ;�~ bÏªÒ6(Hybrid separator)j B·~� ®


. ��� ;�º *V' &� 5 �' &�j 6²�Ò >

®b� &Ê~ *Âj �² *¢ > ®
. 

 

4. Ö �

�ò*æº ~ã��& '� B*ÎN� Ö>~V r^ö

Table 5. Properties of the fuel cell separator (Kobe steel) [8]

b   W  ßWº*  G;~  j    �

�&�V

vþ

;&ê(�V)
ï�ê

��;ê

&ê

*V' &�
äª;ê

'[{» ;ê
&ÊR"W

�ccê>

�*êê

1000Ü1000 mm
0.8~1.0 mm

Û0.2 mm(/700 mm)
Û0.5 mm
ß12.5Rz

1.40~1.55g/cm3

3.5~4.0 mΩ cm
800~1200 kgf/cm2

ß1000 kgf/cm2

ß10−4 cm3/min cm2

−
−

−
−
−
−

10Rz
1.53 g/cm3

3.7 mΩ cm
−

1810 kgf/cm2

10−5 cm3/min cm3

2.1Ü10−6/oC
4.9 kcal/m h oC

JIS B0601

�OË

JIS R7212 20 mm
N2, N{ 0.2 kgf/cm2 vþ

RTÊ200oC
200oC, Ruby laser ~ö

Table 4. Properties of porous bipolar plate [5]

 ribbed layer  non-ribbed layer

v ê
& ê
V � N

ï�V�çã

1.6 mm
0.56 g/cm3

65%
32 µm

0.5 mm
0.65 g/cm3

59%
24 µm

VÚÛ"N
äª;ê
*V'&�

340 ml/hr cm2 mmAq
160 kg/cm2

26Ü10−3 Ωcm

Table 6. Properties of the fuel cell separator (Tokai Carbon) [9]

 T2183  glassy 
carbon

 graphite 
(G347)

&ê(g/cc)
*V&�(mΩcm)
�*êê(kcal/mhoC)
&ÊR"W(cc/cm2min)
äª;ê(kg/cm2)
Young’s Modulus(kg/mm2)
ÏÏ;ê(kg · cm/cm2)
�ccê>(Ü10−6/oC)
ãê(Shore)

1.71~1.76
1.2~1.6

7
10−6�

1050~1150
3200~3500

6.5~7.5
0.9~1.4
75~82

1.46~1.50
4.0~4.5

7~8
10−7�

1000~1200
3000~3300

2.1~3.6
2.0~2.2
100~110

1.80
1.1
100

102~104
530
1180
2.9
4.0
50
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ö¶Kj ­º N^& B*;��B VFFê '�öBº �

&'� NööB ��& �B® ê¯>� ®
. �ò*æ~

B*;� 7 �Ö; �ò*æ 5 �Ú�ª¶ �ò*æº �

Ê� �W~ ��¦ª� Ê�(�Ú) Òò& &¦ª ê²Òò

� �W>Ú ®
. ' �Wê ê²Òòº 
�W, ~&W ê

² ��B, ê²RF «�, FÒç ê² � 
·� ê²& �

Ï>� ®b¾ ��öBº �7�&� ¢�, 6º ��öB

*ï >«~� ÒÏ~� ®º 
Ã�
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