+ol

0|

L EEEEREERY

=

A A, TE

4

%
vl

2 ARgEE R

1. M

~

XEWT ®
~ o %L%Mﬂu i
o %° ‘I_lnD ‘Xl_ﬁLMﬂ]]
Joigﬂwm umw%mﬂm% MM%WM?@.@
S PR S =erlozTd ﬂg#
m‘_l%ﬂ,UI.ZO‘OI ’,ul. Fo) ﬁ;o,lH_T_ ﬂ.H_r B
BEERzogs MLy TEEEeY
ﬂdv.uTATﬂuiuwuﬂAl ,ATﬂEoﬂldlﬂﬂ, b%AﬂoO.or
R H R 70 o e P S e CE
]xﬂkﬁax1wo7_ﬂa WEaExozoﬂo o o oL o T
Xﬂmﬂ%ﬁommxauﬂ u_m iﬂoLIHLE7 Q_Lw_mdvma
JZIL‘WJXI‘._OMO_/%MU% 7&E‘ﬂlﬂ‘g7ﬂaaﬁo Oﬂ_OIMO_I\HOrL&T_
ﬁﬂﬁl%mﬂo @M%@%W%% W@7Wmc%
@ﬂoLMMQ%% #%ﬂ@@é%@ s_éoﬁaﬂtu
‘m_lﬂﬁﬂa%f__oﬁﬁ71m% oT]HtﬁﬂdﬂaTaEﬁ O.oweﬂauﬂr.mﬁﬁ
ERg e g o P TE oﬂ;HoLF%
AﬂjLJXdﬂmL N B ]w&liﬁﬂ ﬂ;ﬂll S Nr B! ,ﬁr._
loPkoﬂwaLE_ 5 wxiﬁoP% Méﬂ%%.
m&xmrﬂ.io] ﬂﬂﬂ}ﬂﬂ_/% ox%l%dr
oo WOOR o ar §7ﬂ;Ei o/ﬂlwASﬂ
= loTx_.ﬂﬂur Pﬂﬂm,_ﬂﬂE maoMxo W
ﬂﬂeduﬂz M g H Mo | %ol %xﬂrEC;dr
&N E _.%mﬁmMLc ogat%hr,_@@i Mﬂaoﬁu(ﬂm.ﬂw
P Y T TP = Mo v N
Sl R b A T o o - =T
‘lo{,_l/AﬂmL,_nﬂHT o et wk HT_,DIH X o Q X oY "o o i
MEoo» %c SC o] d_ﬂLum.AﬁFLE Mwﬂx_ﬂmo_zﬁ\
a&l%ﬁ@%1 ol = 4 4 R o ® S 2 N o
% T ® X @l%%ﬂ};z oS N E
W R E X N o BCHGEE ..19%%.@.1
QNﬂoLsxﬂiwx ocnzndr%utxoi &W‘WaoﬂuﬂoT
_@uT‘_CMﬁ,mﬂatE %%ﬂaﬂ%ﬂé] %A_th ﬂlnnzﬂ_,oT
il o T o < T w PRy
o © ﬁﬂma by Jld_ﬂ:i]ﬂwhl_.uoﬂl. &Oﬂ@mﬂ%_u__%
e i mEN o MM g B oMo X
r o0 o oy 1eﬂﬂqq}ﬂno_a% = o, o 3
O H;l :A.._ —~ H_V _— |nt N ot} o~ —_ ~ OWE _.rl ;oL o LO a
oy <0 h o) ) - BV (L < = o T = Z 7 o X
o o F o o o TR~ - <l ~N° = e o
olog%x%nn% 107%101&;0 TR a0
To X qr ﬁﬁaxi ]wx:/lE]mLJ@ J . lfai
yr Mo ] 2R Viﬂm TS 2 1ﬂiaro€v\lov
M X moN X oo 2w o b Ro M %0 o) o T e <
S urETEel %E%mm%aég oo ETE R
WO%@@iaﬁ.olg%W%QM% ATitiit
ﬂ#%ﬂﬂﬂﬁzqgﬂ%a %ﬂ%a mmﬂﬁhév
aﬁaﬁgﬁﬂa@ﬂﬂﬁ@%ﬂhym;;f zgpgaﬂrgﬁw
oﬁo%%ﬂwﬁaﬂwioﬁ_?é%ﬁ%#ﬂ m&OMﬂLaomﬂo&a
@Adr@%eLﬂWjﬂ%%oL;Uﬁwaﬁw 5 m%DﬂJx.ﬂmﬂ%
= 7ﬂ,w|L_Iﬁ_AIX\‘mvld_ﬂ1r1rﬂﬂ ]VXL .rH_ J ,CHT_OWﬁEA {
W R T 5 R o o n =0 o B AT F W
é%ﬂm%E& " M oBe e T h 2 7 < IE o
e ﬂomrﬁw%gﬂw ol H r%ﬁrmﬂ%aoﬂ
uw_mvm_;oﬁa.‘i‘_wm <M J‘mwﬂnﬁo#ooﬂyldli
o 221 ﬂaoatﬂorpo
%eﬁa%m.%ﬂ
™ o do



Tekgbo| E| 316, TiN/316S o] &3te] Al&tet we|ate] A5S Hristr] 8 G dAE A4 - &4
stttk FaiE= 20 % Pt/C (E-TEK) & AR&stlaL, o) AAA = S-S F7] 98 PTFE &
20 % ek g4 Fol (TGPH-060) & AFEslth A= A|x28 Ja= Pt/C ¢ Nafion §948 IPA
(isopropanol) ©ll FARAIA AlZstd o EALS 98l 253 A2E st Azt S AE oo
B4 1S o]gato] ©a Fol 9o ZHE a3l L floll [PA 2 SAAZ] o] eHE FUME EX
sto] Abst=a =] SulTS FHAATE e Pt loading @2 Atst=3 A= 742 04, 07
mg/em’ 2 aAth MEA & AAE A2 S 2853} 395 A5 Abojo] T3 71D ¢+ (hot
pressing) ato] Azt 7k HRA] L2 140 C, 42 200 kg/em’, HFAIE 90 22 i)
A WAL 5 em’ Yk

G AA = 80 CollA &dstd e, vgrtae HEe 7hE71E & 7FeE Ak 3 d7)8ke)
2 oF2H|Ql stoichiometry = 24 15, AbA 302 3193 Aot SAdstgr) e dgd=] U9
ohmic A& % MEA 3435 Z4317] ¢18] IM6 (ZAHNER) & AF&3to] 1 mHzF¥ 100 kHz2] 5+
k4= W SollA impedanceE =74 3Ft} olu 7]
Aol AZEL 5 mVE &9C
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Fig. 1ol Zetste] 9} 316, TIN/316 o tiel =S WspA7|dA HEAS 43
Ak FEE ThebA %S W= Lebuke]Eof Hls| TiN/316 3 316 o] 953] 2 HEAY e
ERiSl o otEs UMl wEl 1 Aol Hal Atk w4 shEdlA HEA YL ety
< TiN/316 < AISI 316 9 =e]ek 18 ©91d 2] A4 9kl 200 N/em2 oA 7]
o] 747+ 3023, 32.71, 34.19 mQ cm’ 2, 71 Zo]7F @A AT 4 mQ o9 A] 1 A/em” o AHF
oAl T1gtuto| E9f 43S AFE S we] Mot Aol 4mV ojUlY Aoz o dEch AAY
woldol wel Als kel JEA T zfol7t Aas] A AAE A W A o] FEA Tl
AA A #Aas 29 F J& Aoz gadn, 2 A4 A2 A 353 A A4S MEAY &z
Al Bk o= AHEH = carbon paper & EGAI7IH Ml A dSAbele] BYE o mA A
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Fig. 1. Contact resistance of graphite, AISI 316, and TiN-coated 316 plates.
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Fig. 2. Static water contact angle of graphite, AISI 316, and TiN/316 plates.
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714%S st aeutelE Balde] A4S 06 VoA 996 mA/em’e] AFAEE YeR) o) 316
7} TINS 7838 316 Ba@e] 4% 717F 796, 896 mA/cm” & YERo] 12tutel E BEjguths tha
vro AsS Bt 28y TING Z"Ego =24 316 a3k AFo] dA3 & FHASS & 4 2
ol RSO o3l ~H A7 vl BHaH o] IRE 54 &2 ~H AR~ A W S48 A
shako] o] o] Zol597] Wl Ao wohdt) 316 Fa] o] A9 1200 mA/em’ oo =
AFEEod A Age] WEo] Al Aess AT & A= ol Fig. 2 o YeRd 89} 7ol 316 9
FAAHA 7 gro} flooding ©] A Y] wiitolekal Al E T

11

10 4700
: e,
09
/0 a—A—A_, 4600
0.8 e A/ g
\(\%\ %o 1500 @
> 07t ATe Y z
[0}
S 06 .\1\\0\ H400 2
It .\A\Q\ ®,
= ost o “ATS <
> o TA_"e 4300 =
Z o4} Ao 3
3 =
O 03} —_— 4200 o
—4&— Graphite 3
02 —e— AISI 316 110 ©
01| —A—TiN/316
0.0 ) ) ) ) ) ) ) ) 0
200 400 600 800 1000 1200 1400 1600 1800

Current density / mA cm™

Fig. 3. i-V curves for the single cells using graphite, AISI 316, and TiN/316 bipolar plates;
operating temperature = 80 °C; operating pressure = 1 atm; Ap= 1.5 and Ao, = 3.
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Fig. 4. Initial Nyquist plots for the single cells assembled with graphite, AISI 316, TiN/316 bipolar plates at a
cell voltage = 0.85 V; operating temperature = 80 °C; operating pressure = 1 atm; Aw= 1.5 and Ao = 3.
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Fig. 5. Current density measured at a cell voltage of 0.6 V during the long-term operation for the
single cells assembled with graphite, AISI 316, and TiN/316 bipolar plates; operating temperature = 80 °C;
operating pressure = 1 atm; A= 15 and Aoz = 3.
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Fig. 6. Ohmic and charge transfer resistance during the long-term operation for the single cells
assembled with graphite, AISI 316, and TiN/316 bipolar plates; operating temperature = 80 °C; operating pressure
=1 atm; Ap=15and Ao, = 3.
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Fig. 7. Concentration of metal elements in the MEA assembled with AISI 316 and TiN/316
bipolar plates measured by ICP after the long-term operation.
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(1) 2etglo)EQ} A8 316 ~HIQlE 2% 316 ~HClg A7) T TiN £33 AJH e HE=A3HS
=43 Ay} aglulol E < TiN/316 < AISI 316 =22 A& gho] F7lalith. ey 433 57}
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(2) A&7 =4 A3} aglubo]E9} TiIN/316 2 7H2F 98° 9F 92° 9o A 'S &1~
LRl
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(4) 06 Vol A 243 ARds 7asc2ne A A 7048 &S5
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