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Abstract — TiN or Ti/TiN was coated on stainless steel as bipolar plate in polymer electrolyte membrane fuel cells
(PEMFCs) to improve their corrosion resistance and electric conductivity, and their properties were examined under fuel
cell operating condition. After 200 hours operation, the behaviors for the corrosion, crack and dissolution of coating
layer were investigated by various techniques. The corrosion and exfoliation of coating layer were considerably gener-
ated except for SUS316L-Ti/TiN after fuel cell operation even if the electric conductivity and corrosion resistance of
coated stainless steel bipolar plates were improved. The adoption of Ti layer between TiN layer and the surface of stain-
less steel enhanced the adhesion of TiN layer and decreased the possibility of corrosion by the increase of coating layer.
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Fig. 1. Fuel cell performances for different metallic and graphite bipo-
lar plates.
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Fig. 2. Changes of current density for different metallic and graph-
ite bipolar plates at 0.6V of cell voltage. (a) 304SS and TiN,
Ti/TiN coated 304SS, (b) 316L and TiN, Ti/TiN coated 316L.

Korean Chem. Eng. Res., Vol. 50, No. 1, February, 2012

-Graphite
0.9 =SUS 304
08 +-SUS 304 TiN
< o-SUS 316L
;’ 0.7 SUS316L TiN
o)) +SUS 316L Ti/TiN
£ 06
[e]
= 05
5 O
(@]
0.4
0.3
0-2 1 1 1

0 100 200 300 400
Current density (mA/cm?)

Fig. 3. Fuel cell performances for different metallic bipolar plates
and graphite bipolar plate after 200 hour operation.
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Fig. 4. Cyclic voltammograms of electrodes using SUS 304, TiN-coated SUS 304 and Ti/TiN-coated SUS 304 bipolar plates after 200 hour fuel cell

operation. Scan rate 25 mV/sec.
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Table 1. Required chemical and physical properties for bipolar plate of PEMFC

Properties Required values

H, gas permeability
Corrosion resistance
Interfacial contact resistivity <10 mQem? in 100~150 N/cm?
Cost < 10$/kW (500,000 stack/year)

<2x107° cm’/em?sec in 60~90 °C, 3 atm (< 0.1 mA/cm?)
<1 pA/em? (0.1 V, H, anode) (0.6 V air cathode) in 60~90 °C, pH 3, 1 mM~1 M H,S0, /2 ppm F~ solution
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Table 2. Electric conductivity, corrosion current and corrosion potential of bipolar plates, and electrochemical surface area of MEA using different

bipolar plates

Electric conductivity”

Corrosion

Electrochemical surface area (cm%/mg-Pt)

Sample

(Sfem?) Current’ (nA/em?)  Current (nA/em?®)  Potential (V vs NHE) before after 200h % loss
Graphite 74.7 - - - 433.8 237.7 45.2
304 0.6 2.57 12.1 0.244 727.1 508.0 30.1
304-TiN 18.8 - - - 512.7 287.0 44.0
304-Ti/TiN 18.5 0.31 24 0.176 483.9 309.4 36.1
316L 0.2 11.57 9.9 0.295 744.6 491.4 34.0
316-TiN 8.6 1.12 3.0 -0.020 493.2 379.9 18.0
316-Ti/TiN 11.5 0.34 23 0.011 463.1 237.7 45.2
“Through-plane conductivity at 35N/cm?
bat EL‘()’T
“at 0.6 V (vs NHE)
4 . o
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Fig. 6. Tefel plots of metallic bipolar plates at 1 M H,SO,+2 ppm
HF solution. (a) 316L, (b) 316L Ti, (¢) 316L Ti/TiN.

A9 BIard FoflA tmZF o7 316100 theh AY-A7dE 7
< Fig. 6ol YERNSoH, B ]l thak 3] dF 2 49
< Table 261 AAISHA YERASITE, H-21 7} A-d8te] PEMFCOA] &
7o v o XA @ FF7-E Table 10 UERA Hle} Howm | o]
o vlwaled W FESK] ke Al A A4 Belde 3 10
v o] & BAAF Uikt 0.6V vs NHEYS HojFgl o), %
woll TiN B= Ti/TIN I8 $ho 24 2455 -2 pAlem” 75
o2 ZAAFL o] Fh nl= AUAge] 2Rl WSS
ko) FHS Hal H48 80% FE AT 5 ks S Kol
T Ayoln], B8 3k IS T8 Wolrs AT vt
= UATE WA WA dell s 2452w 78 39 9 7
=9 FAE )HE o 2 DOEY SE5k(<] pA/em?)S F7-3]
=3 Aog P},

5 off

N

L
2ol

33 2H 2

WangZ} Turner[31,32]¢] A7-A =}l ©3HH, AISI 446°] 735
anode®} cathode EHg35lollA 2k 7AI7F Falado] HaEo| e
9] sstxAde QI7bE Mol ks WA ¢kar FUSE ATE Hof
TAIL, SUS 3492] 73-9- 30 ofufjel] &5 A=l B H-s ) v
o] FAJES FRISIAE & AT E A7 02 Q1% MEA
‘dsAstell m|= EElve] FAGEE Bkl f18te] 200~13F
o] ¥4 F AL Faste] Helw mue] e W3k anodedt
to1 247} Fig. 72} 8ol FehigIct. 2ol Haz= vp

Korean Chem. Eng. Res., Vol. 50, No. 1, February, 2012

L)
ol

cathodeE

®

Fig. 7. Photographs of metal bipolar plate at anode side after
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Fig. 9. SEM images (a~b: scale bar 10 pm, c~h: scale bar 3 pm) and EDS mapping for SUS304, SUS304-TiN, SUS304-Ti/TiN bipolar plate after
200 hours operation. (a) SUS304 anode side, (b) SUS304 cathode side, (c) SUS304-TiN fresh plate, (d) SUS304-TiN anode side, (¢) SUS304-
TiN cathode side, (f) SUS304-Ti/TiN fresh plate, (g) SUS304-Ti/TiN anode side, (h) SUS304-Ti/TiN cathode side.
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Fig. 10. SEM images (scale bar 10 pm) and EDS mapping for SUS316L, SUS316L-TiN, SUS316L-Ti/TiN bipolar plate after 200hours operation. (a)
SUS316L anode side, (b) SUS316L cathode side, (c) SUS316L-TiN fresh plate, (d) SUS316L-TiN anode side, (¢) SUS316L-TiN cathode side,
(f) SUS316L-Ti/TiN fresh plate, (g) SUS316L-Ti/TiN anode side, (h) SUS316L-Ti/TiN cathode side.
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Table 3. Chemical composition of 304 SS and coated 304 SS bipolar plates befor and after fuel cell operation.

SUS 304 SUS 304-TiN SUS 304-Ti/TiN
After 200 hr After 200 hr After 200 hr
Fresh Fresh Fresh

H, 0, H, 0, H, 0,
C 0.08 0.94 1.38 - - 1.67 - 0.76
o - 0.63 1.62 843 1.02 12.32 7.11 12.58 34.07
N - - - 17.39 - 19.42 14.33 19.85 10.79
Ti - - - 47.59 0.32 51.05 76.01 67.57 52.64
Fe 74 72.26 71.90 16.65 66.24 11.36 - - 0.23
Cr 18 16.66 16.59 9.63 17.01 3.37 - - -
Ni 8 8.36 8.10 1.30 8.69 1.05 - - -

Table 4. Chemical composition of 316L SS and coated 316L SS bipolar plates befor and after fuel cell operation.

SUS 3161 SUS 316L-TiN SUS 316L-Ti/TiN
After 200 hr After 200 hr After 200 hr
Fresh* Fresh Fresh
H, 0, H, 0, H, 0,
c 0.03 2.40 246 258 - - - - -
0 - 125 2.06 - - - - - -
N 0.1 - - 21.35 2347 2329 25.62 2343 26.16
Ti - - - 62.41 53.58 48.46 74.38 76.57 73.60
Fe 72 63.24 63.88 9.77 16.15 19.13 - - -
Cr 16 14.45 13.73 2.83 452 5.39 - - -
Ni 10 10.77 10.99 1.06 228 252 - - -
*Mo : min 2% (Atlas Steels Australia)
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