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Abstract

This paper reviews bipolar plate materials and coatings for polymer electrolyte fuel cell. First, six
roles and 10 requirements of the bipolar plate are described in detail. Secondly, type of materials for
the bipolar plate and their advantages and disadvantages are mentioned. Thirdly, different metallic
materials are introduced in terms of electrical and thermal conductivities, corrosion resistance, weight,
strength and cost. Finally, various types of coating materials and methods were briefly reviewed.
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Fig. 1. Schematic representation of a PEFC stack.
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Fig. 2. Various flow field configurations of bipolar plate for fuel cell stack : (a)
coiled flow channel (single-channel serpentine); (b) multiple-channel serpentine
(multiple coil flow channels); (c) straight parallel channel; (d) spiral channel ; (e)

interdigitated channel; (f) pin-type channel.
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the reacting gases)

2) ¥R B&3 7] AT &2 A7HE:
9 o HEAE (Good electrical conductivity
and low contact resistance for high energy
efficiency during current collection)

3) AEo] YA SRAMS 95 028} YAl
(Good corrosion resistance for durability)
4) & A4S 93 =2 €A EE(Good thermal
conductivity for heat dissipation)

5) AT AEA=REEH &olgt = AA &4
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of the MEA)
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Ea 3,1‘- —?—’{— St 71414 3= (Good mechanical
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Table 1. Targets of bipolar plate for PEFC.
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D Conngct CeH.S eleztriially A71HMEE (Blectrical conductivity) 5cm’! >100 100
one by one, cohduc HH] A} (Areal specific resistance) Qcm? <0.01 0.01
electrical current
2) Separate the reaction 24535 (2 permeability) cmssic"c 2% 10 13x10%
gases m
3) Facilitate heat EA T = (Thermal conductivity) Wm'K™! / 10
management
o} MAZE (Corrosion, anode) pAcm” <1 andenai active 1 and r:;kactwe
4) Durability 2= BAET (Corrosion, cathode) #Acm™ p<1 b 1
2~
21 (Lifespan) hours 8000 5000
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properties
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Table 2. Advantages and disadvantages of different bipolar plate materials.

Material

Advantages

Disadvantages

High thermal and electrical conductivity,

superior mechanical properties, ease of

Metal fabrication, low cost, excellent structural

durability against shock and vibration,
can form ultra-thin BP.

Prone to corrosion (membrane and
catalysts poisoning, increased
intcrfacial resistance by formation of
corrosion products).

Non-porous graphite

Excellent corrosion resistance, high

thermal and electrical conductivity,

stable chemical properties, mature
manufacture technology.

Poor mechanical properties (brittleness),
high weight and volume, poor
machinability, high processing cost.

Composite material

Corrosion resistance, small volume, light
weight, high strength

Poor mechanical strength, low electrical
conductivity, difficult for
mass production, high price.

Ay HRl 34 Bew A2 A48T 4 9
L k5ol & A2 AZHow, 1R A
A8 A=A A% BN H4o] Lofitw
A GAE B4 golesol MEAY WES §u5
o A% 1A Aofd ARAX ] 5 FaA
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Table 3. Characteristics of metallic materials for bipolar plate in PEFC.

Matals Density Cfrllz(:g(;sé . Thermal Conductivity Cost

[g/cm’] [S/om] [W/mK] [$/1b]

Stainless steel 7.8 1.32 x 10* 16 0.16
Titanium 4.54 1.276 x 10 22 4.5
Aluminum 2.7~2.8 3.767 x 10° 238 2
Magnesium 1.74 ~ 1.81 3.588 x 10° 155 2




138 Sungmo Moon et al./]. Surf. Sci. Eng. 55 (2022) 133-142
Y, &4 I, A 172 7Y, AR J. Bi [12] 52 Eoles &= 24E Cr,N o
78 5°] A+t FHol JA & I st= PIRACHZ ©]-&s}
Aesd ZYSLE ARE7Hse &4l |°lv o TiN 2852 FHAZAH. ol &A= 2=
>o|H, FA =57 E= o2 %]%‘?}Eﬂo]/ﬂ‘ﬂ.‘?. £800 T 900 C, 1000 T, 1100 TE &5t
2 FAPA I} [5,6). Yoon5S A7|zZHoz  AstA T T BAEANS grlstgoh FAHET
F9d Au o Zr Yk :’aiE 316 2€g2A7 T 800 TOIA 1000 T7HA L&7t F74a
o] WAEE A7 AE HAsi (7] 2 ol AW FE AL ZAsHATh 1000
A"EIEIA 73] HHO| AF4 IHFS FAote ColA EAEd AJH B4 A7 Uxet AH
e et A7AE 2 WARS 4+ A S AT 42 0.009 #A/cm’? 140 N/cm?
o RAZ dHA o= wE 471 §lal H-E] oA 4.6 mQecm’O.Z uj-¢ A yepydct o
o] E= EAAE 7 7] "2l 98 A H AT 2&7F 1100 T=E AofstA w=obA ||
‘7= o8& Ao s wHEH A A7 Aot AW HE APgo] S5t
IEA AgAR Y] 4GSl QoA 7HE F [12].
SHA gESjoF & AE F9 st 55 & P. Yi [13] 52 TA2 7]4”ﬂr 9ol plasma
o] FHo ‘41’%”3 4 K7 A EAo] FotH electrolytic n1tr1d1ng 71EE 0|85l TINS &
A Hgol AES ZHF 7I&] Aot AFE At F ofdd HES AA TlHE AAste] TiN
stal A F M7|AZAo] 4% IFFTL  IPE FAAF A3 AYE 158 st |

2 714 99 Apsel & 247 Astgolt. 2
& Erlo] 52 32 YL dgoas
neol Ah BI04 ek ddstA,
PIRAC(Powder immersion reaction assisted

coating)¥, B4 &4, St A3y 9
ZEt=upA 7|4 5ol AUt

FASHA S 129 AA BN F&
2 AT st FHo| e &S FAA|
7= WHoltt [8-111. Brady 9] 5= E43HA
& Boto] Ni-Cr 3 ZHol| U2 Zdlo] ¢l
£ CrN/Cr,N I8 SE A5t A=A A A
oA 4100 A7 B EAAFAGo] FEAT
o] Ws7t YetA] 3S HIstct 4304H
YA7; HHO| A5 S AA FGA7]TL AT
A A9 HEAAMFgol A FA4E & At

[8,91. Eﬁ} 1100 A4 E27]9A4 Ni-50Cr &
=2 2A7F @A Elotd Aol st A HE

Aol W2 CrN/Cr,N EHEE FAAIZ & 3l
t} [10].

PIRACHS S48 2o AskE IHSS
B4 = e UH F oStU=EA ZHotA 5
E 55T AXE EUHT AsHE YA &9
Yy 255 S84 BT ASHE JAlA &

e Aavt FE5EE WEE gilksto] EH
A3E 52 Fdok= Wiioltt [11]. PIRACHS
& A3E2 A BE AYRE7 2255
TiN € TiN,O, 859 A7 A= o=
Z o= YEEth [11].

2} 308 39S WS ujwst Ayt B AR U‘E
ZY7Z+ 0.275 pA/cm?, 0.195 pA/cm’*E A3}

2] Azko] F7kshe AAL | ol R

rr

2 Ul E2t2or A A3} A= =9 7|
g A B8 BA|AolaL &7go] Thdet A
o] Att.

Mani [14] 5 2R ﬂ 2730 cathodic

arc evaporation system< °]&35}o] CrN/
CrAlN FYS 6‘“46}01‘1:} CrN Zg& ¢ i
Z5F & CrAIN 52 FEEHAY. Jin [15] &
Closed field unbalanced magnetron sputter
ion plating= 0] 83to] TiCN ZY 5= 22U
P. Yi [16] 5 316L &H|Qlg|A 73 Closed
field unbalanced magnetron sputtering ion
plating W& o]&5td CrINC th5 FH35S ¥
Aol

IEA ARAAE e IS5 o R A=
g o]Q]o] &3l E+= AlvlE F®Fol AHHY.
Wang [17] 5= 3162H 1|27 Ti, Nb,O,
IS NbY ko] & 379 P4 d713h
shx o7 yrlsiitt. F. Bi [18] 62 316L &
Bl a7l Zr-C/a-CHetE F” ST, o]
2 A 2HRJAAT T a-C ZTHH AH A

Zr-C/a-C B E AH]RIZAZFO] £ Al
Rl go]'o:] Zr—C/a—C i%]ol —9-“4'&41(1):]2 °
F3t. P. Zhang [19] 52 plasma alloying
furnaceE o] &3sto] TA1 7]& 9jo] NbC ZH
< o9t} Y. Gou [20] 52 Arc ion plating
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S o]8sto] TA1S] NbCrC Z®S sttt
o|F FAY E= Al AW A& AT A=
2 AdBstact. FA9 B2 A A3k -0.1
VSCE®} 0.6 VSCEOIA Z+2F -0.051 pA/cm* ¥
0.022 pA/cm’S] AFHUEE Yt Ad
HAE A2 ety o2 A 29T o 7oA =
150 N/em®ollA Z+z} 1.68 mQ+cm?, 2.03 mQ2
«em’2.& S = AT

W. Yan [21] 5= Ti= High power pulsed
magnetron sputtering Y= AF&5}o

rE

a-CH/TiCE ZEsIAH. 29352 Ti 71H 9
o TiN, TiCN, a-C: H/TiC Z¥o| &A= &

SEA. C-C sp2 A%o] S7Hd45 vt 5
A7 XY= o] M7|HEAdo] FAAHS Halst
At [21]. J. Shi [22] 5 TA1°] Double glow
plasma o] &3k TiC 78S atgich 2a] A
F 4Lt A9 g2 4 TAT 9E 8
A= B2 gHZ UEHATE Akd 7FAE 43
3_ T 0.6 Vscp AANA Tha =2 1. 97 ﬂA/cm
= yeRdch P. C. Zhang [23] & Bt

20} 7|&E ol&sto] ZrC 2 :7‘:4'9 '5}05“:}

J. Jin [24] 52 EojetE g A0 A =
gh2n} s XlS’Jr‘ﬁ% o|-g3slo] TiN TS ‘C'?é*j
shoitt. olnf Asjde] da¥de= CHNO,S &

TE 300 g/L, 400 g/L, 600 g/L& Z&st91
600 g/LoA 71 Fd3 IS At EBat
ofyzt 600 g/L sxolA TiN ZBH Tie O
LA dojxl IRHFSHY W2 A HFUL,
A9 AR 2 E AY FF A3 ek

W. Li [25] 52 TA2 7]#& DC magnetron
sputtering= °|-&5to] H|FYH ©A FEZ 5
At J. Wang [26] 52 TA1S 7|HC. 2 Pulse
electrodeposition= °]-&sto] 1T 2-Afo]
L E 795351}, Alaefour 27162 PECVDH
o]&3sto] 316 A®”IgA 7 EHo| DLCEH
= B4 = WA 9 HEATS B
TEAJ[NEAA G FE5ET @48 I
o= W2 CVD, RF-PECVD, Magnetron
sputtering, Arc ion plating, Doctor blade
method® 5°] Ut [28].

A 3 BA I8 F0 2= polypyrrole (PPy)
7} polyaniline (PANI)©] 1. Gonzalez-
Rodriguez [29] 5= PPy2} PANIE Z 93t 303
A"RIP AT B A9 RAXNYAYS B
A IYZH LAFEHAY] W2 Ry I

o, .Q ol ﬂll

5 U 7]“‘—4 S E Isto] A FA]o] Uof
g 4 =2 HA5HQIH} [30]. C. Shanmugham
7} N.Rajen [31] Paraphenylenediamine
(pPD) monomerE 316L ARIFAT FHo| A
7|5lsta drd o2 FEeEtgy. I At 24 A
FHUEE IA #HaAE 5= ASdH

3.8 2

£ 7oA REAARAA S Leln] o
¥, 8724, 249 5 2 FHEIRY 7Y
7% este] elstsck. TEA ARAL oA
wejghe AAA ) ARt ok Wy
HAS A MYRFol, B wre 7t
29 B3} A, whe7kAY B, AR A,
Qe go) B4k wAyE B AA o Adlo] 7]
A Bz Holo] olsl 7H ABe Syt E
3 FEEeue] 48312 95kl 4P4ol E
74Ao] wrolof st ZbEIl WA A7 HEA
o] ook she] v 3% o] glojof ghet. o]

T

.

% dghg HAs SUT 4 Yk 2T S5
ojt}, gutx oz T AA 0T AFREL F& AT
L 9o Ago] &2 AAAkstuo] F4x o]
Qom, EAAZANY HEH oA 47
Bajo] gt & glrk. web FReme] 2
AL AL B A/ HEHES Rojots 3
Y5o] Y40 gt B /|LoME &

B aAe] £5, 54 9 IR Y4 4
AEe AL & e FPE02 ATE =
g, 79, ¥ 39, HEA

ALl =2
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