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ABSTRACT: In order to improve the corrosion resistance and conductivity of SS316L bipolar plate. Cr-N thin films were
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prepared on SS316L bipolar plates by pulsed DC magnetron sputtering. The composition and structure of the film were detected
and analyzed by scanning electron microscope, XRD diffractometer and electron probe analyzer. The conductivity, corrosion
resistance and hydrophobicity of the films were characterized by contact resistance test, electrochemical corrosion test and
contact angle test. The structure of the film was mainly composed of Cr and Cr,N, and the composition of each group of samples
was similar. With the increase of substrate negative bias during deposition, the structure of the film became more compact. The
corrosion resistance of the coated sample was better than that of the substrate SS316L. When the negative bias voltage of the
substrate is 400 V, the corrosion current density of the sample was the lowest, which was 3.49x10”7 A/cm?*; The conductivity of
coated samples was better than that of substrate SS316L. When the substrate was negative bias voltage of 200 V, the
conductivity of bipolar plate was the best, and the surface contact resistance was 8.02 mQ-cm’. If the substrate negative bias
voltage continues to increase, the contact resistance of bipolar plate will decrease. With the increase of deposition bias, the
content of N in the film increases slightly. The deposition of the film significantly improved the conductivity, corrosion
resistance and hydrophobicity of SS316L bipolar plate. Compared with the substrate, the self corrosion potential increased by
411 mV and the corrosion current density decreased by two orders of magnitude. The higher substrate negative bias during
deposition was more significant for the improvement of the conductivity and corrosion resistance of the bipolar plate, but the
higher substrate negative bias leads to the fine grains and good compactness of the film, which will affect the electrical
conductivity of the film.

KEY WORDS: proton exchange membrane fuel cell; stainless steel bipolar plate; surface modification; bias voltage; Cr-N thin

film; corrosion resistance; electrical conductivity
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Fz 1 SS316L HLFER
Tab.1 Chemical composition of SS316L

wt.%

C Si Mn P S

Cr Ni Mo

=0.030 =1.000 =<2.000 =0.045 =0.030

16.000~18.000 10.000~14.000 2.000~3.000

x2 Cr-NHEHEREHRARIZSH
Tab.2 Deposition process parameters of Cr-N films

Specimen number  Bias/V Current/A Time/h Temperature/’C  Frequency/Hz  Pulse width/us  Duty cycle/%
1 0 20 0.5 50 50 15 75
2 —-100 20 0.5 50 50 15 75
3 -200 20 0.5 50 50 15 75
4 -300 20 0.5 50 50 15 75
5 -400 20 0.5 50 50 15 75
%=, BB L HhEE TS A,
75 BTN LT 8x107* Pa, IEZBEBRATIE A, Wie Carbon paper
500 mL/min, Jill 500 V A4 671 g e X A A s =5 30F R L
TIHUE, % TAESUE N 15 Pa, #5242 10 min. (v) Specimen (a)
A58 AR AR, K4 80 mL/min il Carbon paper
20 mL/min, fE=E TAESEHN 03 Pa, B /(B +Py,)=
o

30% o RIS R 4k LEE E R 30 min, PRYIFE.
1.2 HmBYAE R M5 KRR
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Fig.1 Schematic diagram of measuring principle
of surface contact resistance

Frm H AR BRI IR E R R 0.6 V (vs.
SCE ), Ffmrfum AZs <, ffi 7118 E Dataphysics /A
FY OCA20 2 fil /7l 5t AR SS316L 5 88 B iAT:
MY o SRR AT I o, AR R 3 A
ArESEATRI, THECE BB AR AR 2 A o

2 HERKRSH

2.1 HEIEMR S R EBS T
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Tab.3 Composition of thin films at different bias voltage

wt.%

Component OV -100V 200V 300V —400V
Cr 76.55 76.38 75.97 74.59 74.05
N 23.45 23.62 24.03 25.41 25.95
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Fig.2 XRD pattern of Cr-N thin films
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Fig.3 SEM of surface morphology of Cr-N at different bias voltage
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Fig.4 SEM of Cr-N section morphology at different bias voltage
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Fig.5 The surface contact resistance of each
sample under different bias voltage

x4 BAHEHREAEE
Tab.4 Surface roughness of each sample
nm

ov -100 V -200V =300V -400 V
51 33 25 14 8

SRS, JF AR 210 I, R A — 2 R 1)
T, A Y] 5 R 4K A 2 ik e AR R A A O
0.6 MPa J& R il b B F R Z%, X e FAGH
T RAMEAC LA TR, 2 AhmAULF %A 28
fbo 5 HIKE (H%0t 3L FE 0~ —400 V HEF ) 7¢
1.4 MPa [l B FH 23518 9.45. 8.96. 8.02., 8.35,
9.38 mQ-em®, RNEMH KR AAERALEE, FTLIE
AT 2 M L B A o 3 v (i FH R 3644 SS316L Ay 2 1
BERLA R 116.18 mQ-em?, 5 AiFEIY R I 4E il
FH¥H SS316L A T M W4T, Y454 35 E RE I ED

(DOE) HUEMTE 1.4 MPa T 22 M4 fil fa fH 2L T
10 mQ-em? (R o BEILR G f i B9 38K, 2 1 422 fioh
HLBH G R R, 16200 VIR il BHAR AR, 4k&E
WK LA g e, e T 2 ol el B2 TR A . SE 4k
G FERE R, b i 2 1o 2 i Hh BEL_E TH B9 R PR A
(1) Fifi 2 i 2 T HEDRE B2 0/, 3 T 22 fioh Fl BHL 2
o VAN el N 5 B 50 /-1 1 S ) /e et e
BT — 80, R BT — o RS BE T LS n 5k
AR Al AR, RS BT R, M AR R 4
RELAS L 32 2y, KRS 82 AT S/ N AR5 1R 1 2
fbTET R s (20) A vy i) S A A7 Qi 1 SO IS 1Y) 2 T 2544
HoE, AL HL R R R T AL S R BELES, AR
T Ml L B R (3) (R A R i, B s TR i N
TR, CoN S 8L, 1M CroN XA R B i 5 i
PETTHRER K, TR 2, 5 B0 IR 1 2 2 i
FL BH T 5 o

2.4 HEEHIE M ERE

% 6 N SS316L 54 Cr-N iEEE# L PEMFC T
YEREE R s it th 2k o % 5 b 54 RE
A EAL (Econ )y JEMAIRERE (Jeon ). HEIER
M AR (B.) SHHEMAERPR (B,). SS316L &
MAATEM B GE 2, W mbEse 2, HE ek
—0.317 Vo FERERFE Y F G Tl e A7 4 3 M ) IE RS
JE R B TR AR T, TIEB Cr-N R
DURRHR 25 1 SRR AR A B I 8 il o AS ) 1 S AR b
Bh, BE Cr-N MRENEA LA B AL S, K
PR A% T X A Ak 2 1 4 ik mL L ) 52 i 48 /D o B A B AR 7
i HE (R 3800, 5 o e, %85 S A IR/ R, R
SS316L ))& i vy i 28 5.39x107° A/em” 2T+ &,



- 380 - EN TR NN 20224 4 A
(1):(; :g?ﬁ;g %; - p= Rysubstrate ¢ 10 1ABar B )

061 Bias 300V o .
04| — Bias =400V 1% 7 P 8 S350 SS316L 5 5 ALK FEFEFIMK 5
> ol B ARG o (S A P 2R B SR P R PRI, TS
R fol PR AR TR MEN—400 VAR Y
ol Cr-N R A PERE IR, 78 A8 70 g okt e, 0 2 728
ol AETF 15 min JFETFRE, 4FE7E 1.10x107 Alem® 72
sl A, ART SS316L Fr AR i Ji st b UL S 5.97

-9 -8 -7 -6 -5 -4 -3 -2 -l
Ig[J/(A - cm™)]

K6 JEbr5 5 iR 3 i 2t th 2k
Fig.6 Potentiodynamic polarization curves of substrate
and 5 groups of samples
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Tab.5 Thevalue of E¢orr Joorr~ feand g of
substrate and each sample
Specimen  Eeon/V (A‘]'?IrIrI{Z) (mVE(Ci/ec’l) (mVéégc’])
SS316L -0.317 5.39x107° —143 362
ov -0.152 2.61x10°° -152 225
-100 V -0.073 1.84x10°° -170 293
200V -0.069 1.62x107 -151 276
-300 V 0.030 9.67x1077 -175 220
—-400 V 0.094 3.49x1077 -157 262
*6 EMSHRFENRKBESIEREER
Tab.6 The polarization resistance and porosity
of the substrate and each sample
Specimen  Polarization resistance/(kQ-cm?)  Porosity/%
SS316L 8.19x107
1AY 1.49x10* 1.920
-100V 2.51x10* 0.693
200V 2.59x10* 0.656
300V 4.32x10* 0.209
400V 1.20x10° 0.050
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Fig.7 Cathodic potentiostatic polarization curves

of substrate and 5 groups of samples
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Fig.8 Anodic potentiostatic polarization curves
of substrate and 5 groups of samples
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Fig.9 Contact angle between SS316L and Cr-N modified samples
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