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Multi—film coated bipolar plates for
PEMFC (Proton Exchange Membrane Fuel Cell) application

Gwang—Yeon Jeon, Young—Hoon Yun, In—Su, Cha
Dept. of Hydrogen & Fuel Cell Technology, Dongshin University, Jeonnam 520—714 Korea

ABSTRACT

The multi—films of a metallic film and a transparent
conducting oxide (TCO, indium—tin oxide, ITO) film
were formed on the stainless steel 316 and 304 plates
by a sputtering method and an E—beam method and
then the external metallic region of the stainless steel
bipolar plates was converted into the metal nitride films
through an annealing process. The multi—film formed on
the stainless steel bipolar plates showed the XRD patterns
of the typical indium—tin oxide, the metallic phase and the
metal substrate and the external nitride film. The XRD
pattern of the thin film on the bipolar plates modified
showed two metal nitride phases of CrN and CroN
compound. Surface microstructural morphology of the
multi—film deposited bipolar plates was observed by
AFM and FE-SEM. The electrical resistivity of the
stainless steel bipolar plates modified was evaluated.
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plate?] AAZA stainless steel 304, 316 plate°l
sputtering method$} E-beam methodE  ©]&3}o]
transparent conducting oxide (TCO, indium—tin oxide,
ITO) film¥} metallic films S&3At. Stainless steel
plate W] S&E multi—filmel i3] XRD patternel] ]38t
Aado] o] Fo]F 01| bare stainless steel® multi—film®]
=29 stainless steel bipolar plate W2 7]A&o] =74
T}, Stainless steel ol 52 muti—filme] P]AFZ%
gdol AFMI} SEMel &3] ##= o™, water contact
angle®] ZAFH SITh
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aEAANE ATAX Y bipolar plate AAZA stainless
steel 304, 316 plates AR OH,  transparent
conducting oxide (TCO)Q! indium—tin oxide ITO,

Iny03:Sn) film¥} chromium metallic filmS EWo 25151
t}. TCO (TO) film Z&2 sputtering method (Vacuum
Science Co. Korea)& &3l o]Fo15om, Ar/0.9] 7}t
2 360/2 mmHg F5olA sk Sagel izt 107
torr?] AF%7F FAEck TCO ATO) filme SHEEE
g2k 60-70A/min  F=oIdth ITO

filme] 7=
2000A—6000A W9z Sl ITO  film ¥4



sputtering & ©]% rapid thermal annealing (RTA, MTP,
USA) S &3 HFHe=E AAsE AH 95T Cr
metallic film %% E-beam method (Electron Beam
Evaporator, World Science Co., Korea)E &3},
107® torr vacuum (in operation), 1000A Aol tj3]
15min®] AL%H%°H,  Metallic film¥ ITO film9
multi—film® ¥THW4ZE 2zl AJHES  annealing W
nitridations A3 £/d = Att,

Stainless steel ¥Wel dA4¥ TCO (ITO) film % Cr
metallic film® ZAAANE X-ray diffractometer (Xpert
PRO, PAnalitical, The Netherlands)el <& 2<¢l=ich
Stainless steel¥} multi—filme] FH¥E plate52 A7 AL
i—v sourcemeter (Keithley, USA)¢l 2J3] 431501, #
tjQI7bAF + 500uA~5A, current noise™ 5nA oJuf, Ay
4 WY 1uv~40V  2HeA A8t Surface
morphology #2+2 Scanning Probe Microscope (XE—200,
PSIA corp. Korea)E ©]€3F] Atomic Force Microscopy
(AFM) modeE &3] ©o]F9J% 2™, Field Emission
Scanning Electron Microscope (FE—-SEM, JSM 6700F,
JEOL, Japan)< ©]&3}9 SEI modecld] 4 #2&k9ict.
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3.1. Multi—film <28 stainless steel bipolar plate®] XRD
pattern +4

Fig. 1 & TCO (indium—tin oxide, ITO) film¥ chromium
metallic film® multi—film®] 2% stainless steel bipolar
plate®] ZEWo] ™3t XRD patterne YeERJz v}l Fig.
1(a) ¥ Fig. 1(b)oll multi—film 52 stainless steel 304
¢} 316 plate, 18]l bare stainless steel® XRD patterng
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Fig. 1. XRD patterns of metallic film [M: 100nm] and ITO film

[TCO: 400-600nm] on stainless steel 304 and 316 plates.

Multi—film 52 stainless steel plate®] XRD patterns
ol AAA2] metal nitride phased £AE e o]}
22 CrN TE Cr2N9 chromium nitride compounds® &
A= chromium metallic filmell thet Axjg] FAA FA=
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3.2 Multi—film
surface morphology

{(a) 100 nm - Metallic film
SUS 304 plate &

{b} 100 nm - Metallic film
SUS 316 plate
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{c) 100 nm - Metallic film
600 nm-TCO (ITO) film
SUS 304 plate
Fig. 2. AFM images of
coated-bipolar plates.

{d) 100 nm - Metallic film
600 nm-TCO (ITO) film
SUS 316 plate

film and metallic

ITO (TCO) film

Fig. 2= TCO (ITO, interlayer, thickness: 200—600nm)

film¥} chromium metallic film (thickness: 100nm),
chromium metal nitride film2Z T4¥ multi—filmo] 52+

% stainless steel plate5% AFM surface morphologyS
YeR 1 gk Multi—filme] 52He stainless steel plates
2 ITO film9 thickness®} metallic filme 2o uwke}
surface roughness W3 YERleH, ITO film §lo]
chromium metallic film¥& F&6t Aldo|A] HlwE W
surface roughnessE YEFATEH (Table 1). Multi—film Z2}
¥ SUS plate AHE2] AFM morphology ¥zl A
self—ordered dot ¥%o] #Z=7]|% k%t

5) SUS 316-M100nm (b} 5US 316-TCO400nm-M100nm
Fig. 3 (a),(b). FE-SEM images of metallic film [M] and ITO film
[TCO] coated-SUS 304, 316 plates.




Fig. 3< multi—film S2#% stainless steel plateE?]
FE-SEM imageZE Yehd Zo|th FE-SEM image &2l
A, SUS plate ¥%¥el dA% chromium nitride films &3t
<<l TCO (ITO) filme &A1} F&A3tA ek 10nm 274 %

60nm Zo]E YER)E= columnar typed YASE FAE b

ATZE gAS vehdich Multi—film T2 ©<43] metallic
film7S  5ZAIZ] stainless  steel plate52]  external

surface™ FU3}A metal nitride filmoE FAE o] glor}
FE-SEM ZHge v njAl+x 42 Jeploh

3.3 Multi—film &%
resistivity £4

stainless steel bipolar plate9)

Zzkg]

=29 stainless steel plates¥} bare

=48 Yeplz

Fig. 4+ multi—film
stainless steel plateE9] EAS
Stk Metallic filmeZvF S&% SUS plates bare SUS
plateE¥ A9 fAFE AsE& YWERAY, current—voltage
542 A AelE: vehlA skeH, TCO (ITO) film¥
metallic filme& TAE multi—filme] Z2¥ SUS plates
< bare SUS plate=°ll |3l 543 current—voltage 54
HE2 Yeldth ITO interlayer? thickness® WHalol] wE
multi—film 529 plates2 current—voltage 572 vi$
frAFSE 2102 UFERSiTE
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Fig. 4 (a),(b). I-V characteristics of metallic film [M:100nm]

and ITO film [TC:400-600nm] coated-SUS plates.

Bare stainless steel 304, 316 plateE< gk 2 Ohmcm,
7 Ohmcm@ electrical resistivity® 22} YeRlon,
multi—film 52 stainless steel bipolar plateE< thzk

10 Ohmem AXE9 electrical resistivitys YeERAth TH=
o] chromium nitride film¥} metallic fime.Z% Zztg
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SUS 304, 316 plateE< multi—film =2Hd plateEe] B3l
U4 w2 5 Ohmem, 6 Ohmem® electrical resistivity S
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2 AdFAM= PEMFCE stainless steel plate
sputtering ol &3 TCO (ITO) film¥} E—beam

93t chromium metallic filme <=AHo=E ZFZ3E T
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%3 chromium nitride film& topcoatZA] 3 AAFTH
Multi—film <28 stainless steel plate52 XRD pattern©]
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’J¥ chromium nitride film< ™ & 10nm #7443} 60nm 2
o]= YehfE= nano scale? columnar type? JAHEE T4
oA E @A et Multi—film 2% stainless
steel bipolar plates< ©2F 10 Ohmcm®| electrical
resistivityS YERIOH, EWZ0] chromium nitride film¥}
metallic film® 27 2% SUS 304, 316 plate52 5 Oh
mcm, 6 Ohmem® electrical resistivityS 2+2} UeR ST

S

1. V. Mehta and J.S. Cooper, Review and analysis of
PEM fuel cell design and manufacturing, Journal of
Power Sources 114 (2003) 32-53.

2. P. Coatamagna and S. Srinivasan, Quantum jumps in
the PEMFC science and technology from the 1960s th
the year 2000: Part I. Fundamental scientific aspects,
Journal of Power Sources 10 (2001) 242-252.

3. F. Barreras, A. Lozano, L. Valino, C. Marin and A.
Pascau, Flow distribution in a bipolar plate of a proton
exchange membrane fuel cell: experiments and
numerical simulation studies, Journal of Power Sources
144 (2005) 54-56.

4 A. Hermann and T. Chaudhuri and P. Spagnol, Bipolar
plates for PEM fuel cells: A review, International
Journal of Hydrogen Energy 30 (2005) 1297-1302.

5. E.A. Cho, U.=S. Jeon, S.—A. Hong, I.-H. Oh and
S.—G. Kang, Performance of a 1kW—class PEMFC stack
using TiN—coated 316 stainless steel bipolar plates,
Journal of Power Sources 142 (2005) 177—183.

6. S. Joseph, J.C. Mcclure, R. Chianelli, P. Pich and P.J.
Sebastian, Conducting polymer—coated stainless steel
bipolar plates for proton exchange membrane fuel cells
(PEMFC), International Journal of Hydrogen Energy 30
(2005) 1339-1344.

7. H. Tsuchiya and O. Kobayashi, Mass production cost
of PEM fuel cell by learning curve, International Journal
of Hydrogen Energy 29 (2004) 985—990.

8. R. Blunk, M.H.A. Elhamid, D. Lisi and Y. Mikhail,

Polymeric  composite bipolar plates for vehicle
applications, Journal of Power Sources 142 (2005)
177-183.

9. X. Li and 1. Sabir, Review of bipolar plates in PEM
fuel cells: Flow—field designs, International Journal of
Hydrogen Energy 30 (2005) 359—371.

10. J. Huang, D.G. Baird and J.E. McGrath, Development
of fuel cell bipolar plates from graphite filled wet—lay

thermoplastic composite materials, Journal of Power
Sources 150 (2005) 110-119.
11. M.P. Brady, K. Weisbrod, I. Paulauskas, R.A.

Buchanam, K.L. More, H. Wang, M. Wilson, F. Garzon
and L.R. Walker, Preferential thermal nitridation to form
pin—hole free Cr—nitrides to protect proton exchange

membrane fuel cell metallic bipolar plates, Scripta
Materialia 50 (2004) 1017-1022.





