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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 Cr,N
compound. Surface microstructural morphology of the multi-film deposited bipolar plates was observed by AFM and FE-SEM. The
metal nitride film formed on the stainless steel bipolar plates represented a microstructural morphology of fine columnar grains with
10nm diameter and 60nm length in FE-SEM images. The electrical resistivity of the stainless steel bipolar plates modified was

evaluated.
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AR 2= %lojA bipolar plates ¥i-$- ZrbolH,
¢ & Holrh A ZEAMNE A5

5 & bipolar plate AAE hEE 2% &
<(graphiteye 71 A3 7hgste] AZFslaL glew, 7]
g0] 2o Ho| tHoZ ANFH 7 Yo} w3 graphite
o AL 7IAFAES WF7] A8 4R A ooz
A ztEjojof str2 AEe] RHFHULT} Yol F
#ZFol F71sHA EHe ol dlolth. AEAMANE d8H
2 9] bipolar plate® B-&3}7] 98] AFHE B2
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A4 oz ZEAANE A85AA Y FF oA A
He E9 vl 2 &38715& 930 bipolar plates] X
E4)(contact angle) TEE wetting A% So] BEHG 0

TEAAH D AFHAX(PEMFC)S bipolar plates] #3
A+ carbon? polymer®] composites type, stainless
steel 3 72 metallic plate type©] FHHOZE thFAIA L
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£ A °]t}h. Carbon compositest APEolH 3}3HH
Aol S8 v, 7IAH BT H7] AxAel ¥
ol ©olt}. Stainless steel &A= 7143 74,
7HA, 7NAA A=, A7) e e i, TR
A AeAA Y 2F Al 44 A stel A2 metallic
plate?] F2]¢j 2]3t R} As)2 membrane2] 2H 2
bipolar plate Wl H]H&o] & 4tstetd PO =R
A AEHA L] A 288 AsATIE AR AU
t}. wabA, stainless steel T TS AT E L
A7t 23] ol Foj)z rh!

£ dPodMe A d A5HA(PEMFC)®] bipolar
plate®] x| ZA] stainless steel 304, 316 plate®l] sputter-
ing method®} E-beam methodE ©]& 3} transparent
conducting oxide (TCO, indium-tin oxide, ITO) film3}
metallic film& 523t} Stainless steel plate EHo| &
2+ multi-filmll th3] XRD patternol] 2|3+ AJH-2]0] o]F
o]H O™, bare stainless steel?dd multi-filmo] Z3H
stainless steel bipolar plate H ] 7|A &o] ZH =AU}
Stainless steel T F&E muti-filme] wATFZ o]
AFM3} SEMol| <J3] #2= Q0 water contact angle®]
ZAFE A

flo 12 30
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FRAHNE AF A bipolar plate A2 ZH stainless
steel 304, 316 plates =39, transparent conduct-
ing oxide (TCO)}! indium-tin oxide (ITO, In,O5:Sn) film=}
chromium metallic film2 FHo| Z23}AT}. TCO ITO)
film %22 sputtering method (Vacuum Science Co. Korea)
< B3 olFoH e, Av0,2 7AEUE 3602 mmHg T
FoA At FHAYANN A 107 torrd] WFE
7} A HAL. TCO (ITO) filme FFHEEE thek 60-
70 A/min -]}, ITO filme] F71= 2000 A-6000 A
HAR FF3HATh ITO film ¥4 sputtering -2 ©] &
rapid thermal annealing (RTA, MTP, USA)S 53] FHZ
Hog AQsE AA &9HEUT. A 270 nitrogen,
300°C, 1min®|RoH, 7194 5= 100°C/sece 2 288t
4t} Stainless steel?} ITO filme] Z2¥ SUS plateot] o
& chromium metallic filme 1000 A A2 A3
Cr metallic film 522 E-beam method (Electron Beam
Evaporator, World Science Co., Korea)S &43193, 107°
torr vacuum (in operation), 1000 A 7ol thall 15 min®]
2aFoH, 7#EE 200°CA FEHTE Metallic
film? ITO film®] multi-film®] FAFZE Ze AUES
annealing % nitridationS A A=A XY 2L
nitrogen, 300°C, 1 min®| .21, 100°C/secE =2t T,

Stainless steel XH FAH TCO (TO) film E Cr
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metallic filme] A%’ X-ray diffractometer (Xpert PRO,
PAnalitical, The Netherlands)ell 2} 321 1c}. Stainless
steelZ} multi-filme] Z®WE plaeEe] A7|A TS iv
sourcemeter (Keithley, USA)ll &J3l 243l o, i
7FAF 500 uA~5 A, current noises= 5SnA °JW, AY=A
BT 1uV~40V 27X S48t A71AFe] &
A& plate A sl two-point probe’t HE3= A9
o8] =439t Surface morphology #3& Scanning
Probe Microscope (XE-200, PSIA corp. Korea)S ©]-83}
o Atomic Force Microscopy (AFM) modeE T3l o|F
o] 2™, Field Emission Scanning Electron Microscope
(FE-SEM, JSM 6700F, JEOL, Japan)& ©]-&3lo] SEI
modedll A FEAL #&AS T}, Stainless steel?} multi-film
Z2tg A|HE<] 3l contact anglemeter (Digidrop, GBX,
France)E ©]-&3}%, water contact angle2 274 3t}

3.8% 3 nE

3.1. Multifilm Z3&tEl stainless steel bipolar plateQl
XRD pattern 244

Fig. 1 TCO (indium-tin oxide, ITO) film3} chromi-
um metallic film¢ multi-filmo] Z2Zr¥  stainless steel
bipolar plate®] EHol| Wdt XRD patterns e STt
Fig. 1(@)¢} Fig. 1(b)°] multi-film 2 stainless steel
3049} 316 plate, Z2]3L bare stainless steel®] XRD
patternE-2 7 YERATE Multi-filme] Z2HE stainless
steel 304, 316 plate EHol thg XRD patternE-2 TCO
(TO) film¥} chromium metallic film¢] ZAAANS Z}zb 1}
EFH O™, stainless steel plateo] 2J3F y-Fe phaseS LR

TCO
m sUs M 100/TCO 600 on SUS 316
. ' 7Fe  sus M
. . -Fe TCO
e A DS e
\‘\uwl A ; A\ 7-Fe
N N N -~
T : M 100/TCO 600 on SUS 304
] TCO
& 400 M
'
t ; M 100/TCO 400 on SUS 316
= !
(7] :
z !
I'II-" : M 100/TCO 400 on SUS 304
Z ¥
- iy
i
ME only metal on SUS 316
‘
only metal on SUS 304
T I I T
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Fig. 1. XRD patterns of metallic film [M: 100 nm] and ITO
film [TCO :400 - 600 nm} on stainless steel 304 and 316
plates.
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(a) 100 nm - Metallic film
SUS 304 plate

(c) 100 nm - Metallic film
400 nm-TCO (ITO) film
SUS 304 plate

(d) 100 nm - Metallic film
600 nm-TCO (ITO) film
SUS 304 plate

(b) 100 nm - Metallic film
SUS 316 plate

(e) 100 nm - Metallic film
400 nm-TCO (ITO) film
SUS 316 plate

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

Fig. 2. AFM images of ITO (TCO) film and metallic film coated-bipolar plates.

T}, Chromium metallic film%r =2FE SUS 304, 316
plate5-2 y-Fe phase®} chromium, ITO2] AAAHS et
Wk 98, Multi-film 2 stainless steel plate®] XRD
patternEoll X ZA7/d9] metal nitride phase2] S S e}t
Wet olet e ON £E Cr,Ne chromium nitride
compounds®] EA = chromium metallic filmo)] gk &3
g FgolN e Roz wes i)

3.2. Multi-film Z&HE stainless steel bipolar plateQ]
surface morphology 2+

Fig. 2= TCO (ITO, interlayer, thickness: 200-600 nm)
film3} chromium metallic film (thickness:100 nm), chro-
mium metal nitride filme.2 74 multi-filme] X4
stainless steel plate=2] AFM surface morphologyS WE}
Wi Ak Multi-filme] 5-2¥ stainless steel plateS 2

Table 1. Surface Roughness of Stainless Steel 304 and 316
Bipolar Plates Deposited with Metallic Film and ITO
(TCO) Film

Roughness (Ra)  SUS 304 SUS 316

Surface structure bipolar plate  bipolar plate
100 nm metal 4.805 nm 4.316 nm
100 nm metal / TCO 200 nm 5.520 nm 5.665 nm
100 nm metal/ TCO 400 nm 14.590 nm 13.430 nm
100 nm metal / TCO 600 nm 0.389 nm 6.379 nm

ITO film®] thickness®} metallic filme Z 2o wha}
surface roughness W3E YUEFRS™, ITO film $1°]
chromium metallic film¥+S F&3E AJANA HwH e
surface roughnessE WEFHTHTable 1). ITO thin filmS
200 nm thickness2 FZA7] = A o)A SUS plated] &
<] roughnessoll 71138te] AHE2] roughness7} 5715t
o7k ITO thickness7} 600 nm7tA] 578t Al v 2
roughness’} W& ITO filmo] $&E = 232 235
ot Multi-film 2% SUS plate A|FE2 AFM mor-
phology #2Hl| A self-ordered dot &/do] B2 g7 3
AT} Fig. 32 multi-film 5%¥ stainless steel plate=2]
FE-SEM imageE YERH Zlo]t}. FE-SEM image #32oj
A, SUS plate £H| PAH chromium nitride filme
k31 TCO (ITO) filme] Ex¢t ¥-#3tA tg 10nm
A4 60nm AolE YERNE columnar typed] YAIEE
T8 AFR S JdEHT o9 22 nano scale
9] columnar type®] YAES] A= FAFE filme =
22715} interlayer thicknessol]l Wl W3l A4S
BRI T Multi-film £ ©@<3] metallic filmTHe 214
%l stainless steel plateE 2] external surfacer E Y3t
metal nitride filmS2 FAEo] o1} FE-SEM EHE
+e e mAFE 48 vepio Zhzke] 270N
Z 2% stainless steel plateS 9] FE-SEM image &AH-&
TCO (ITO) interlayer®] EAjo] wal T2 GAHS Ve
o1, interlayer thicknessol] W&l EH YAE=Y =7)7}

A 45 Al 3 E(2008)
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Fig. 3. FE-SEM images of metallic film [M] and ITO film [TCO]} coated-SUS 304, 316 plates.
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Fig. 4. ]-V characteristics of metallic film [M:100 nm} and ITO film [TC : 400 - 600 nm] coated-SUS plates.

3.3. Multi-film Z&HE stainless steel bipolar plate2]
resistivity £44

BRA 21

Fig. 4= multi-film 532%¥ stainless steel plateS3} bare
stainless steel plateS 9| current-voltage 54& e
ATk Metallic filmeZ7F F2E SUS plateS S bare
SUS plates 3 A A A5 S e ALY, current-
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voltage §4& ZA zol& YEMNRA] &ton, TCO
(ITO) film¥ metallic film22 TAE multi-filmeo] =2+
SUS plateE-2 bare SUS plateEol| Y3 F23 current-
voltage 54 EE e ITO interlayer?] thickness®]
A3t W& multi-film S&E plateS9) current-voltage
EAQL vl FAFSE Ao =2 velytth. Bare stainless steel
304, 316 plateE2 W= 2 Ohm-cm, 7 Ohm-cm9] elec-
trical resistivityS 22 YEPAY L™, multi-film F3HE
stainless steel bipolar plateE2 ™2 10 Ohm+cm F X9
electrical resistivityS WEFHTE. EHZ©] chromium nitride
film¥ metallic filmS 27t F2E SUS 304, 316 plate5-S
multi-film Z2H8 plateEo) ¥)&) thA & 5 Ohm-cm, 6
Ohm-cm®] electrical resistivityS Z+Hz} YERHSITH

3.4. Multi-film S3HE stainless steel bipolar plate2]
water contact angle £4

Bare stainless steel plateE3 TCO (ITO) film, metal-
lic film % chromium nitride filme. 2 ¥Ho] FAH
multi-film 52 stainless steel plateSl th3F water
contact angleS &3t} Bare SUS 304, 316 plates
S 2 60 degree A2 S VEMA LT, metallic film
Tt Z& % stainless steel bipolar plateS S tHeF 80
degree, 90 degreeE 7}7b YEMN S, ITO interlayer
filme X33 multi-film S22 stainless steel plateS-S
Hl A vro 50-60 degree H$)9] contact angle ER
Atl. PEMFCH bipolar plate®] &89 SlolA water
contact angle2 /48 & w&Ested AAA w$ F
83 §4olm, PEMFC Al2"9] &3t 25 93

bipolar plate:= ¥ contact angle?} & surface energy

g 2 o) WRHE.
4.8 B

B Ajox= PEMFCE stainless steel plate E o
sputtering *# el 213 TCO (ITO) film¥} E-beam 3 ol
©]gt chromium metallic filme F=3H o2 FIAF 7
chromium metallic filmoll tha) N, 7] stollA EA g
£ &3l chromium nitride film& topcoat=A1 FAJA|Zith.
Interlayer24 TCO (ITO) film< 200-600 nm, metallic
filme 100nm 72 TWRFZRE nmulti-film Z9
stainless steel plateS TA3tHA T Multi-film &€
stainless steel plateE2 XRD patternol|4] TCO (ITO)<}+
chromium metal phase, 28] CIN ¢} CrNe9} 72
chromium nitride phaseE< YERNSITE FE-SEM image
AZol| A, stainless steel plate EH| FAJE chromium
nitride film= t=F 10nm A% 60nm dol& Yehi=
nano scale®] columnar type?] YAEE TFAE vA7+X

F4E Yebd Y. Multi-film 528 stainless steel bipolar
plateS< dj=F 10 Ohm-cm®] electrical resistivitys VERY
o, ¥W3Eo] chromium nitride film¥} metallic filmS. 25k
52€ SUS 304, 316 plateE2 5 Ohm-cm, 6 Ohm-cm
9] electrical resistivityS ZHzF YER AT Metallic filmTt
%24l stainless steel bipolar plateS-2 T)2F 80 degree,
90 degrees ZHzZt YEMISH, ITO film (interlayer)S
Z &S multi-film 52 stainless steel plateSS W] 2%
w22 contact angleS VFERASITH
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