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ABSTRACT The conductive amorphous carbon films were deposited on the 304SS by conventional di-
rect current magnetron sputtering. The effect of substrate bias on the microstructure and property of
amorphous carbon films were mainly investigated. The results show that the electrical conductivity and
corrosion resistance are improved significantly for the carbon films coated stainless steel in comparison
to the untreated ones. Specifically, when the substrate bias was -200 V the contact resistance was about
16.65 mQ-cm’, which may be ascribed to the highest fraction of sp’ bonds under the normal compacting
force of the fuel cells at 1.5 MPa. The corrosion potential of the carbon films coated stainless steel signifi-
cantly increased in the simulated PEM fuel cells environment, while the corrosion current density obvious-
ly decreased, especially when the bias was -200 V the carbon film performs the best corrosion resis-
tance, which may be attributed to its best compactness, for this case the corrosion current density is
1.22x10° A/cm?and the corrosion potential is 0.25 V.

* [F 5K H AR 42 51175472, [H 5K A ARBHE TS HEIL 4 51522106, T3 117 H AR 225642 20154610083 A1 38 7 Tk 5 55 2014B10032 %5 B
TiH .
20154F 1 H 14 HU R, 2015454 H 9 HIEE ki
ACEER N R, BT



b

752 ook wt

OE R 29 %

KEY WORDS inorganic non-metallic materials, PEM fuel cells, amorphous carbon films, magnetron

sputtering, contact resistance, corrosion resistance

R B A2 JT7 - A8 e J R e ot g O 28 B0
a5, TERRRH I HE F o 23 BR A7) 538 S5 550 HEZK I
iff O FELI M I P 0 AT X 50 L 40 B L vh B HL B
WA I T AR E Y. AR SR SRR AR A
e R 1) 5 e R TR 5 sk e, R A e v L i
ARG R E S S, PUBGRE &, 5T
TR, A —Fh B AR SRR AR AL R o (E AR AN I
FTH R AR A (B ful f BHAR K, ELYE A K] FE IR T
VEIRES T b A8 B BR SR AL A0V H, V5 G F AR AN

SR ) FEL PR 1 AN P A . TR, R T

VL ARG AN AN b ik A T 2 T ek DA s L
JIRASE 14 R AR A ke R RIS S vl e 7k 2 B 50 0 il
FH T 47 W S AR Jok A . FEL SIS -9 7 304 RN |
DU TIN IR Z, PIFh R 2 3 AT B AR e o AR A A
(e LR o H 2 TIN R 2 ) PR H A 2 s 1y Ak
17 FRLAST K, T2 o P B A T ol 7 5 Ak 119 6 ik
A A I 25 W 0% B B () L MR A P,
IFi) 45 7 S A 14D v LA A B, A SO R 3 T e 1k ) 2
Mk Z — . Show™ "SELEA AR FE T 7 Ti AU AR
VAR B, 7E 600°C B HLFEZE 8 107 Q-cm; K-k i
SO (1 OO R 2H 2 i rL b, G0 HE Th 2R R B T
SRR AR FLth () 1.4 4% o S0 RETAE 1A 3 Al T i
5 5 7E 3161 AR AN _EUTRY 3 pom BUE 520 (1 3E 4
B, ELA s I sp? 7 o, sl Fb SRR A S 0O AR
o Aok L B, FER Pl PR BRI . 2RISR
FA AR 77 72575 304 ANE5AR i B R i, 2H 25
FEL Y I S it B T LA R S ) 2 R e 1, AR
PP e S P

AE dR AR IR — KRG E Y Bk TR ), L 45 4
FPERE SUIBUNEM T2 SRR EEMK. B
IR W S 4 AR A AR 45 7 8 LA GE T KT
TR ST RE SR A, A2 1) B R AR o 1 B P U AR
St S B AT R A B AR 7925 AS SO B IR A A ik
SRR AE 304 AN (SS304) JE 4k by AR A Sk i,
HIF T J A Al e xof L 65 ) 5 F e R T S o A 25 1)
S

1 L%

{5t F 3k 30 IS AR B 5 3 S 8 P S U AR AN T
JE T WA SRR . B RL A AR BB e DA
JEEE A 1 mm BB T 3% 304 ASEEAN(R T4 30 mmx
30 mm).

Y T 2 N ik b ) TR I R R U R

15 min, M5 B2 T520 FE PRk fFE S EIA
F|4x107 PaJFiBAN—EZ & Ar S TEA 1 Pa, [FIR
1E-300 V& T Ar & LB Z IR 30 min; 28
JEFT TSI 99.99 % ELF HLIE TR Cr i 2, Wit
HIN 3 A, FEARE-100 V, Ar <3t &4 50 mL/min,
DURABT 18] 10 min; B 5 FT 7 F S8 #E(ZE R 99.99%) B
UL HLR, AR 2 S HEIN-50 V-200 V350 V [ {
JE AT B B TR, SIS FLIRE R 3A, Ar U E N
50 mL/min, JUARAT [A] 60 min. T8 AR o A o s 4
P Ar S5 IR TE 0.28 Pa, R UEDE 235 51, FE 487
WS BT IRFF—E R A ¥ .

F RENISHAW inVia %4 3£ 2 £ § & (Raman) )t
T ASCRSE I 73 B B JE Ak 485 A, O U K i 532 nme
FH S-4800 37 & it 471 4 Hi 5% (FESEM) WL %% 8 i 3% THI
FIETH P S . F Dimension3100V 3 48 41
I B (SPM) WL %% R 0 2 7 B 5% T (1) = 4 T 30 S5
KERE . OCA20 ZY 42 fish £ I & AN & M T S5 304
AR TH R K M

F CRESBOX 784 U £ 40 A3 01 7 78 6% 1 e FHL
Ko S HOSCHR9] 1 7 100 B AN RO AR 55 9 B
JZ TR) () B2 fish L BHL, Bk 4K 3% F Toray 060 28, 450Ff THI AR
N30 mmx30 mm. KRR E T B4l R R, RaR
P4 it 7P RO A S S P A Y, G e T 1 B
7o DA & L B S8 PE R L R 45 e 1 A R TE 2
i, I CMT5105 BRI LEE il B 7 75 Re i IR A LRE /77
PR ), PRS2 0 AR R A F K )T B B %
IR

fifi ] = B /K R, £ AUTOLAB B Hi Ak 2% T.4E
i AR E R T AT AL e, DU AR A
Wy e W%, T A0 H SR FL AR (SCE)E 2 bE Bt 2% 1t e
AT J5 1 304 ANEEANAE TAE d bk, FRUE AT 3
B, AL 22 H AR 1 emx 1 om 2218, 3l A7 H
AFAMTEEE-0.7 VR 1.0 V, FHHE N 0.5 mV/s,

I  Carbon paper

I  Carbon paper

,_

1o v BEL A0 30 7R i
Fig.1 Schematic illustration of the test for interfacial con-
tact resistance




b

10 341 GRIFIEE S ELUR BTN AT I SRR 10 3 R AN R e 753

JEE i N 0.5 mol/L H,SO.+5%10° HFE {8
2 R MTie

2.1 ERMRERR

TEAS [F] s Fi. T 1] £ 149 o 5 2 TR0 48K T 35, dn
B2 Fin. R ESEAHEFMEL T, b5 AR
JE B F v R )R P AR A AN K, A 650430 nm, Cr ik
V2 EFE N 250 nm A A . 244 A-200 VI, B
I 2 0 L A U R B0 e AN K A0 . T 24 D S 19
F-350 V i Bk 2 1 FORDHLAL, 4R miAs . LRI
S, BE A A PR 3 K B8 7 22 1 11 R =
T R 1 BB % SO VR R R S0 . R i e
I, o B B T 2 o AN A S I R S 2R
SRS R IR, RS R AR AR

B3 25 tH T AN [ 28 R i . o) 6 1) A i B P
AFM ESRE . 1@ FEALE BRI N 3 pmx 3 um [
DX e T B0 L TR R 2 . e B3 AT A, o AR
e B S L AT L T P, B R AL -50 V35K
F|-200 V Bk B2 TH 4 B/ P 38 5, SE AN T R )

SIS DV e e Sl O

-50V

FL R &5 ik B, I 3% TR S FE AN 5.06 nm [
4.61 nm. 4 4k 2215 K 2-350 VB BERL T
Z i 5 R MR T H AL, Rad8 K F) 5.58 nm, Hi4h 3
5 SEM 45 5 Wt .
2.2 FRERIEEH

ST TR A B R 2O R AE = TG S I T
1350 F1 1560 cm™ &b 2 0L H 95 AN U, 43531y D IR G
UGt 121 SRy e sp? S5 KA B kR, Forp G AT BT sp A%
GEA, YET BRI FNBREE Hh C-C BRIP4 "R 3h; D g
X 2T TCFE B 40N 88 sp® 45 44, YR T BR IR <
W BN, IR T E A, DI S G g
() 5% B LE (In/16), G U§ A7 B (Pos(G)) Ml G U 2 i 5
FWHM(G) W 4 fir s o 1 P 4 ] L, B i) 2% 140 Ak
SENE=DIn SoE SV RO E | S S 1 R YN
JEM-50V 38 1 E-350V, Bk 5 1) 1o/16 Fl Pos(G) 42 5 1
K U/ A T P R AN A 5 S B S5 R
£ FWHM(G) & Je /) J5 3 R i@ 3y . 25 3R,
W 5 A i I 189 R B i 1) sp” B = S 3 I S RS,
1E-200 V fi F B A B A B i sp 2 &

-200V -350V

2 /A~ [7) i s ik i 4 2 1 A8 THT SEM
Fig.2 SEM images of the carbon films deposited under different biases
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Fig.3 AFM images of amorphous carbon films deposited under different biases
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