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Recent Development Trends in Materials for Bipolar Plates of Proton
Exchange Membrane Fuel Cells (PEMFCs) and Kobe Steel’s Activities
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Abstract

Proton exchange membrane fuel cells (PEMFCs) are expected to become clean energy sources for
transportation applications. Their bipolar plates, which are crucial parts of PEMFCs, greatly affect the
durability, power-generation performance, and cost of PEMFCs. Thus, much effort has been made to improve
the durability and performance of bipolar plates and to reduce their costs. With the aim of improving the
corrosion resistance and interfacial contact resistance (ICR), which affect the durability and characteristics of
bipolar plates, Kobe Steel has been working on the development of coated titanium using an unprecedented
coating and process since 2004. This paper reviews the recent development of carbon-polymer composites and
coated metals, which are being considered as materials for bipolar plates, while focusing on their corrosion
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resistance and ICR. Also described is Kobe Steel’s effort to develop coating for titanium bipolar plate.
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Characteristic Units 2025 target
Plate cost (guideline) $/kW 2
Plate weight (guideline) kg/kW 0.18
Plate H, permeation Std em® 2x10°®
coefficient /sce+em’-Pa @80°C, 3atm 100%RH

X <1 and no active peak
Corrosion anode

(auideline) pA/em? [pHS.O, 0.1ppmF, 80°C, Ar purge ]
0.1mV/s, -0.2 to 0.4VvsSHE
<1
COrzi‘i‘C’i';l?sgmde pA/em? { pH3.0, 0.1ppmF, 80°C, aerated ]
at 1.0VvsSHE for> 24h
Electrical conductivity S/em >100
. . o2 <0.01
Interfacial contact resistance Q-cm (at a compaction force of 1.38MPa)
Flexural strength MPa >40
Forming elongation % 40
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Table 2 A summary of the results of corrosion tests and ICR measurements of coatings for stainless steel bipolar plates in the main
literatures in the past 5 years

Coating & fil Coating Corrosion test condition b ICR(mQ- cm”) AICR? Corrosion
Substrate tl?iitl::iss (n:nr;l h d; Electrol Temp. Polarization conditions Nl? P Before After cathode 0 enh current Ref.
metho ectrolyte (°C) Danode, @cathode (MPa) polarization polarization (mQ-em7/h) (nA/em?)
in -CY) 0.5M H,SO, / T Coated
sus3teL | doped.a C7(62 MS 2% 70 @Q()Y\SSCE for 2h 15 _ _ Coated 5
5-725)/Ti(100) + 2ppm F 1.4sSCE for Th =3.47-5.64 =0.28-0.58
Molten |0.5M H,SO, 0.17VvsSHE SUS430=5.3 SUS430=29.5  |SUS430=12.1 |SUS430=7
-Nb,N(600 g :
SUS430 |B-Nb,N(600) salt |+ 2ppm F 0 for 500h, H, purge 14 Coated=2.3 Coated=3.8 Coated=0.75  |Coated=0.1-0.3 “
0.5M H,S0 -
SUS316L |C doped CrTiN MS o 70 |1.1VvsSHE for 2h 14 [PUSIIOL=2T6 e oied=7.6 Coated=14  |Coated=0.609 47
+0.2ppm F Coated=4.8
iIN=MS [pH3 H,S0 o )
SUS316L | Au dots on TiN TIN=MSIPHS 300 g |@067VvsAg/AgCl for 96h, 138 [Coated=1.72  |Coated=5.84  |Coated=0.043 |_0%ed 48
Au=TS |+0.1ppm F air purge =0.2+0.04
MS
a-C(545)/Ti:C 0.5M H,S0, , SUS316L=106.12 |SUS316L=163.03 [SUS316L=11.4 |SUS316L=5.96
SUS3I6L | 1 100) and heat | Jppmn F 70 (@0.6V¥sSCE for Sh I3 |coated=331  |Coated=5.64  |Coated=0.47 |Coated=0.1 49
treatment
TiN/TiAIN 0.5M H,S0, (D-0.1VvsSCE for 4h, H, purge SUS316L=59  |SUS316L=94  [SUS316L=8.8 |Coated=
SUS316L| . AP . 80 1.4 o 50
multilayer +2ppm F (20.6VvsSCE for 4h, O, purge Coated=6 Coated=10 Coated=1 (20.4,20.73
SUS316L|CrN MS  |0.6M H,S0, g |D0ABVVSSCE for I6h, 10 |Coated=8.4 - - Coated=0.1 51
0, purge
0.3M H,S0 No polarization SUS304=50 SUS304=60 SUS304=0.021
. 4. 2 4 - 0 polarizatio: _
SUS304 [TiB,(2x10°) HEMAA + 2ppm F° » immersion for 480h 13 Coated=19 Coated=19 Coated=0 32
0.5M H,50, . SUS316L=12.60 |SUS316L=19.28 |SUS316L=0.56 |Coated
R i 0.6V
SUS316L [a-C(200) MS - Sopm 80 |@0.6VvsSCE for 12h, air purge | 1.5 Coated=2.91 Coated=4.06 Coated=0.096  |=0.00752 53
TiN(1100)/Ti 0.5M H.SO ) ) . .
. 2 TiN=8.3 TiN=14.3 TiN=1.2 TiN=0.11
SUS316L |TiAIN(1100 MS G 70 |@0.6VvsSCE for 5h, airpurge | 14 |, - S o ' 54
L300 TiN/Ti + Sppm F TiAIN=12.6 TiAIN=22.1 TiAIN=1.9 TiAIN<0.1
TiN(50)/Ti(50) 0.5M H,S0, , . SUS316L=150  |SUS316L=276  [SUS316L=126 [SUS316L=0.22
SUSII6L o itayer AP o F 70 [DOSVNSSCE for th, Oypurge | 14 |01 Coated=18 Coated=7 Coated=0.033 3
0.5M H,SO, (D-0.1VvsSCE for 4h, H, purge 316]= — 316] =
SUS316L |Cr(ox10°) o S0, 70 ppuge | SUSJIEL 105.2 SUS3IEL 166.7 SUSJIEL 154 |Coated s
+ 2ppm F (20.6VvsSCE for 4h, O, purge Coated=1.4 Coated=4.5 Coated=0.78 0.14-0.16
Nb-doped 200.6VvsSCE for 720h, SUS3161.=58  |SUS3161=70  [SUS3161.=0.017|SUS3161.=5
SUS316L | Sol-gel [0.1M H. ’
SUS3IL |16 (700) Sol-gel |0-IMH;504 801 i puree Coated=38 Coated=41 Coated=0.0041 |Coated=0.042 37

1) P=Compaction force of ICR measurement . 2) AICR=(ICR before polarization - after cathode polarization)/cathode poralization time
3) a-C=Amorphous carbon, MS=Magnetron Sputtering, TS=Thermal Spray, AIP=Arc lon Plating, HEMAA=High Energy Micro Arc Alloying CH=Chromising
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Table 3 A summary of the results of corrosion tests and ICR measurements of coatings for titanium bipolar plates in the main literatures
in the past 5 years

. ' Corrosion test condition ICR(mQ cm’) » Corrosion
Coating & film Coating Temp. Polarization conditions Py Bef Aft hod AICR current  |Ref.
thickness(nm thod” ' MP efore er cathode L . .

(am) metho Electrolyte (°C) (Danode, @cathode (MPa) polarization polarization (m€-cm’/h) (uA/cm’)
Ta,N-doped TiO, Sol-gel  |0.3MHCI No polarization Coated=71 Coated=73 Coated=0.008 — |59
only an immersion of 240h
TiN(700-2100) Plasma  [pH3 H,SO, %0 @-0.1VvsSCE for 4h 15 Uncoated=12.63 |Uncoated=26.25 [Uncoated=3.4 |DNegative 60
2 nitriding  |and 0.1ppmF 20.6VvsSCE for 4h " |Coated=4.06-5.98 |Coated=4.94-8.0 |Coated=0.36  |(2)0.08
0.5M H,SO =,
TiN(1900-2800) AIP SR ) - 14 |Uncoated=35.0 - - - el
and 2ppm F Coated=3.0-3.5
Graphene oxide EPDand [0.5M H,S0, (@-0.1VvsSCE for 4h, H, bubble 1g |Uncoated=173.62 _ _ @0.264 &
(2000) heat treatment |and 2ppm F* (20.6VvsSCE for 4h, air bubble " |Coated=3.98 (20.294
0.5M H,S0 @-0.1VvsSCE for 4h, H, bubble - - -19.7 |D-0.27
TIC(2000) DGPSM 2 4 70 2 14 Uncoatfd 98.1 Uncoatid 176.9 Uncoatfd 19.7 6
and 2ppm F (20.6VvsSCE for 4h, air bubble Coated=7.5 Coated=16.9 Coated=2.4  [20.17
0.5M H,SO (D-0.1VvsSCE for 4h, H, bubble = = = D-0.26
NbC(700) Sputtering 2 4 75 . 2 14 Uncoatfd 91.9 Uncoatfd 180.4 Uncoatfd 22.1 64
and 3ppm F 0.6V vsSCE for 4h, air bubble Coated=16.6 Coated=24.5 Coated=2.0 20.32
i-Pi i i 0.5M H,SO. (-0.1VvsSCE for 5h, H, bubble D1.56
Ni-P mcl.udmg TiN Electr'oless 204 70 2 14 _ Coated=3.5-8.7 . 65
nanoparticles plating  |and 2ppm F (20.6VvsSCE for 5h, air bubble 2021
i 0.5M H,SO (-0.1VvsSCE for 5h, H, bubble 0.2
Graphene oxide EDand 2 4 70 . 2 1.4 |Coated=about4 |Coated=about4 [Coated=0 66
(2000) heat treatment and 2ppm F (0.6VvsSCE for 5h, air bubble @022
Carbon/PTFE/TiN | Hydrothermal [0-5M H,80, (D-0.1VvsSCE for 5h, H, bubble Uncoated=80 @0.92
o Y170 1.6 - - - 67
composite(2300) method  |and 2ppm F (20.6VvsSCE for 5h, air bubble Coated=9.5-14 20.53
- - 0.5M H,SO
a-C(534-1281) MS 4 | 70 |@0.6VvsSCE for 2h 1.5 |Coated=6.52 - - @0.1 68
/Ti and 5ppm F

1) P=Compaction force of ICR measurement . 2) AICR=(ICR before polarization - after cathode polarization)/cathode poralization time

3) MS=Magnetron Sputtering, AIP=Arc lon Plating, EPD=Cathodic Electrophoretic Deposition, DGPSM=Double Glow Plasma Surface Modification, ED=Electrodeposition

RsD #7845 /Vol. 71 No. 2 (Jul. 2022)

73



AICR(MQ* cm?/h)
0 1 2 3 4 5 6 7 8

a-C/Ti:C/Ti
a-C
Graphene oxide

a-C=Amorphous carbon

TiN/TiAIN multilayer
TiN/Ti B
TiAIN/TiN/Ti

TiN/Ti multilayer g

TiC
NbC

Chromizing of SUS  ["Z""s"s

2 A1V — FHMRIC & % KD ICR O HATKE R 2472 ) O ¥nE:
Fig.2 Amount of increase per hour in ICR of each coating by
cathode polarization
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