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ABSTRACT: As the fifth generation of new energy cells, the Proton Exchange Membrane Fuel Cell (PEMFC) is the most
promising cell with advantages of higher conversion rates and zero pollution, and is considered to be one of the most desirable

green energy sources and an ideal motive component for future new energy vehicles. As one of the most important components
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of the PEMFC, the bipolar plate not only connects individual cells of the cell stack and plays a supporting role, but also provides
a gas flow path, isolates the cathode and anode ends, transfers current and removes heat and reaction product water, which is
particularly important to the working performance and service life of the PEMFC. In this paper, different bipolar plates are
introduced. Graphite bipolar plate is the most used bipolar plate material due to its high electrical conductivity and corrosion
resistance, but it is gradually replaced because of its high brittleness and processing difficulties, which limits its commercial
development. Compared with graphite, metal bipolar plate is cheaper and easier to manufacture. As a common non-ferrous
material with good electrical conductivity, low cost, light weight and ease of forming, aluminium alloy is often used as the base
material for metal bipolar plate. However, the aluminium bipolar plate has poor corrosion resistance and is susceptible to
corrosion in an operating environment of the PEMFC, producing a passivation film on its surface, which reduces the conductive
efficiency of the cell. In addition, the released metal ions can diffuse to other components, causing performance deterioration of
the cell. Scholars at home and abroad have explored the contradictory relationship between the corrosion resistance and
electrical conductivity of aluminium alloy bipolar plates and found that an effective solution to this problem is to modify the
surface of the bipolar plate. This paper briefly described the types of PEMFC materials, the internal environment and the
corrosion of aluminium alloy bipolar plates, classifies the surface modification of aluminium alloy bipolar plates in recent years
and outlined the performance characteristics of metallic coatings (precious metal, metal nitride carbide, nickel phosphorus metal
coatings) and non-metallic coatings (carbon-based coatings, polymer compound coatings). In short, precious metal coatings have
excellent electrical conductivity and chemical stability, but the higher price limits it’s commercial development; Metal nitride
carbide coatings have good electrical and corrosion resistance and remain stable at higher temperature, using appropriate
preparation processes to make effective advantage of it; Nickel phosphorus metal coatings slow down the corrosion of the
substrate due to their unique corrosion resistance, while adding other metal elements can improve the chemical performance of
the coatings; Carbon-based coatings are widely used for surface modification of bipolar plate due to it’s low cost, and the
performance of carbon-based coatings can be improved by changing the ratio of sp® to sp® carbon. Polymer compound coatings
have good corrosion resistance but poor electrical conductivity and require added compounds to improve it’s performance.
Compared with single coating, multilayer composite coatings have better corrosion resistance and electrical conductivity, and
can maintain stability in a long working time, which is a hot topic in the future research. It is particularly important to promote
the development of aluminium bipolar plates by slowing down the corrosion rate and improving the electrical conductivity and
efficiency of the bipolar plates.

KEY WORDS: proton exchange membrane fuel cell; aluminum alloy bipolar plate; surface modification; metal coatings;
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Tab.1 Corrosion of aluminum alloy bipolar plate without surface modification

Substrate Experimental temperature/C Electrolyte Joon/(mA-cm ) ICR/(mQ-cm?)  Ref.
AAS5083 70 0.5 mol/L H,SO,+ 2x10 *HF 390 34 [26]
AAS5251 25 0.5 mol/L H,SO, +2x10"% HF 78 306.24 [27]
AA5052 70 0.001 mol/L H,SO,+2x107° HF 268.8 61.58 [28]
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Tab.2 Nitrogen/car bide coatings
Coating/surface Experimentl Jeor/ ICR/ Potentiostatic
Substrate Method modification temperature/C Electrolyte (pA-cm?)  (mQ-cm?®)  polarization Ref.
. . 0.5 mol/L H,SO4+ 0.6V, 1h,
AA6061 CFUMSIP Ni-P/TiNO 70 0.1x10°° HF 0.088 5 50.5 1.1 pA/om? [24]
. 0.5 mol/L H,SO4+ 0.6V, 1h,
AA6061 CFUMSIP TiNO 70 0.1x10°° HF 1.17 28.2 30,1 pA/em? [24]
A356 DC-RMS TiN 25 — 473x10° 60 — [36]
AA1100 DC-RMS TiN 25 — 421x10° 70 — [36]
- 0.6V, 8h,
AA1050 CFUMSIP TiN/Ti 60 1.7 20 pA/cm? [42]
1 mol/L }128(34+ _ _
AA5083 CAE-PVD CrN/ZN 70 2%10°° HF 25.02 [43]
1 mol/L H2SO4+ . .
AA5083 PVD CrN 70 %105 HF 73.24 [43]
AAS5052 PVD TiCN/TiC — 0.5 mol/L H,SO, — — — [44]
AA5052 PVD TiN/TiCN/TiC — 0.5 mol/L H,SO, — — — [44]
0.5 mol/L H,SO4+ . .
AA6061 HVOF Cr;C, 70 2%10°° HF 65 [45]
Electroless . . 0.5 mol/L H,SO4+ .
AA2024 plating Ni-P-TiC 80 0.1x10°° HF 15.6 8.315 [46]
Electroless
AA2024 plating- Ni-P/Cr-C 80 0.5 molL H S04+ 1.30 8.175 — [46]
- 0.1x10"° HF
Electrodeposition
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Tab.3 Nickel-phosphorus metal coatings

subsiie Method R mperee Bt (A0 g osaton R
AAG6061 gé;‘(’:srﬁigis Ni-P 25 gflgl_‘élélLFstO” 37.2 50-70 g:}f&g i:}cmz [51]
e By SISO g beun
AAG061 dEé;"Otsri‘;Ii’gflﬁng Ni-Co-B 60 0.5 mol/L H,S0, — — — [54]
AA5251 gé;‘(’:srﬁfgiﬁng Ni-P — gflgl_‘élélLFstO” 0.644 150.75 (5)'7106;2/11?1’2 [55]
AA1050 gé;‘;fﬁf;iﬁng Ni-Mo-Fe-Cr 90 ;2’140‘11011{/;“ S0+ 78 — — [56]
AA1050 gé;ifﬁf;iﬁng Ni-Mo-Fe 90 ;2;402"}11/}? HS0* 1p 3 — — [56]

3.21 ®HRERE

B FE VR 2 B R G B v 0 S e PR R L AR
I, T2 IO P AE XU Al 3% T et v o Bl SR IR SR MR AZ
F| sp? BRA sp® R L BRI, sp? BREE A ERZ 1L,
HEA RIS, sp® BRESH B2 A R AT i
JE T AE S7, DA B sp¥/sp® FLBIRA B TERE 2 G &
g[s,”]o

B S I A TOOV3E 3o R T S L E AAG061 K THTIT
S A BGZ, WFo8 K B2 PERE SRR i S IR
K, BEZE BRI, 2R B WA, sp
N R B VR WA e RN TR S N 2 I LA
HE T MEEA s i, (R R 2 A B IR il sp” B
K, MWMEFA IR KRR, ASTE A R RREE S
BV, XAFT sp’ AFERIERL. MM 4.5 A
i, IR 2 R BCEH e AtEne i, Lt
B b L R RE R 0.274 pA/em?, JE Pl EL A SN —0.12 V,
b L BH 2 25 mQ-cm?, Sisan Z5UYE AA6061 54
&R H & HRIEIRZ, IR R R B IR 2 X 35
RO PERE, BEE TR Z R, TR 2 ik 4
B, HRZ RN 600 nm B, UGG L R R
237 pA/em’, (HEEKEHEE M T, W2 M E A .

T IRZES &8 R 2Z 8 1 45 A A
mL, SSBREREMYE, BEALERKRZS
FEARB) S I 4 R B 452, s om H AL 25 5 77 o Havigh
AEL20YE AAT050 4944 BUUR Ti Al C BUZ B, 72
BN, RIUR)ZE TR R FLBR 8 o s 4 it
W, Kefar s 2mEm e am, Be8 6
RARNL, BB E - HER,, RESEBORZIT
MR, Bi FE OIS ERILIRZ Z 00, 506 %
T Cr. Ti. Nb #i%5)Z, #at SEM K& E/R, HT
Ti RIESIH, 15 Ti /ENFHE R IER 2T
Cr il Nb, {HHEZE R o R 80 Kk, R W 4 AY i
Pk, Hoh Cr 285208 8E TIRILIR 2004 8k, Bl
FH sp” HLE, TERSHY A A HLA7 0.84 V (vs. SHE )
N, Cr. Ti il Nb 1R Zh%E 2 AL 152 /08 i
MRS A 076, 035, 0.54 pA/em?, HPEfhr
R4 51K 2.3.5.2.5.48 mQ-cm? fH7E 1.1 V( vs. SHE )
LN IAEE R, Cr Bh45 2 DR SE LR J2 0 1k He gt 1
JnE] 12.8 pA/em®, i Ti A1 Nb Zh45 2 /9 165 th e 37k
0.31 pA/em® Al 0.1 pA/em?®, i FRENAL T Cr %52
AbFIERAS, Ti Il Nb Bh45)2 MEibIRE, H Ti
SWERZEY R E S, e TIRESEN, W
I AT PR A7 AT P T okt Pl
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h TR E IR R SRR ZE A T
WM RE , BT IE LR E P B LR
Hou %5113 sif P41 A b AR - i i s Wk 5 5 7 9 B R
( CFUMSIP ) ¥ Nb B2 FEIR)ZH, Nb B2=ff
sp*/sp’ HLAEIE K, (HIERR) FRMERE N, H Nb 5
C JEHL NbC B All, 485 TURZMm ik, Bk n
A Nb KR EHZPERELISL, IBBEMA Cr. Ag. W,
Ti 2R, B4 W TESTEMR LR Z T IE
WC A, HE 2 B e 5 ELR) T 08 2 T8 6 Ak
fieJ1, LAk Ti 3B 2% 0T LITERR IE TR B i TiC P& 4,
I 2 T 3, H Ti Rl Cr ZEBRIEIR 2 h 24
HARLL, R TIRIZNEE AT,

ERZEN K E T, SR E 22 E AR
JZ BES I /D U JZ H AR R R AL TR S5 BB, T 2 )
WZRMERE . Bi 258 i CFUMSIP 145 T Zr-C/a-C
ZR%E, WREM Zr-C I ATCERB T, 52
AP N B HAFE, s s B, i RS E
ARPHAE T e B E B 5k, 58— o-C
WRZHAIEL, A R R 3.56 pA/em® [EAKE] T
0.49 pA/cm?®, FERAFIAE R, JE ol B i ad AR T
B R OB G BB R SRR ZE R, 5 Zr TR
N AR, BELAS T 2R 1T o

WL TR 2 ALk e e bR L & TR
] BT 52 B )92 S i o nT DAAE A woAE A TSk R
sp” Ml sp® SR AL FL A1), DA i B 04 J2 A it ok 1 A 5
HLPE, S H BRSO #AS . SR B — A TR 2 R
AT FLIR A S R A, wfE AR K Ra e v, IRk
P B A e R uUE A RS2, RERGEILIRZ M)
fifi FH 254 A0 T AEPERE, DR bam o i )2 465 # 1E H A 4
B SRR R MR BRSOk & R Ik
322 BHTREMRE

AT REVWIRESE A S PR T R4
IR, B A S e otk . B, o
HKREZMWE N FREVIRIZERBKIGN (PAN), B
AR (PANI) FIEML ( PPy ).

a SEMKE

B2 B A0V o B S IR TR TE AAS052 FR A
L RMEAEFLRGUK S, SR 5 78 R 1 2 8 AR 2K
Wil . WFFEEI, A &R MRS M5 T R K
WS A aREES T, BARBEWIMAMLSG 4%
TS A9 5 R B OE o T Ak E I, el e g
FEREAR T 4 NGRS, BT F R, PAN BARMELE
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TEMLEERE AR A 2B TR b U T T B,
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FEBE TN Pl A B B4R, T B T R4 e
(E E IR S WORIR I 5 d )R, B SCRTE
90%LL |,

Joseph ZFUVA| FHLIL4 10 T I AE AAGO61 &4
T H R T RS TR 2B RLIRE , R, B
R R SR PR S, (L Ak e BELIS 735 b o
A1 B SR DeyabHF58 AN [a] e BE TR A0 K45 ( CNTs )
XPERABNEURJZ e i 2B, 7EURE 0.8% CNTs i,
FEARR R S i e A, CNTs IO AR 5 1T 354K
TR JE ol O ELST 3Bk 0.8 % R PRI e
([ 6a), CNTs [MARA 4RI T H L
YLhR, ZESHRACLUR, Y R HE g, e TR
MR S e, JF HARAE T TEAF R, R
THAHEE, /£ 0.1 mol/H,SO, W T, MG &H
0.8%CNTs &4 MBI % E N 0.18 pAlem’
(K 6b, c).

TR 2 EL A R A T et L O AR
HH T2 A S, SERZENSBiE. 456 1
A IR T R B ) U L3 I PEMIFC XU AR 2 R
MIEER, TER T IR)Z I A TCHL S ik, BE4R
WM SRS 14, HICHLS: L B0R A 2EAR
Z | PEREAR— | Hl &k 2R RS TIRIR R K
J&, PRk e [ R R T O X TR A AR
&R RZERRNER 4 iR,

b SETE X AR

Kl 5 Zr-Cla-C £/)24 2 SEM [K][68

Fig.5 SEM surface morphology images of multilayered Zr-C/a-C film'

[68].

a) SEM; b) enlarged view of rectangular area
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Fig.6 Effect of different CNTs concentrations on aluminum alloy bipolar plates containing polyaniline coating

[72].

a) effect of different CNTs concentrations on electrical conductivity of polyaniline coatings; b) effect of different CNTs
concentrations on polarization curves of substrates containing polyaniline coatings; c) effect of different
CNTs concentrations on impedance of substrates containing polyaniline coatings

x4 EE&EBRE
Tab.4 Non-metallic coatings

Coating/surface  Experimental N - ICR/ Potentiostatic
Substrate Method modification  temperature/C Electrolyte (uA-cm’2) (mQ~cm2) polarization Ref
L 0.5 mol/L H,SO4+ 0.6V, 6h,
AA5052 APTES 25 2%10°% HF 1.159 — 70 MA/sz [41]
L 0.5 mol/L H,SO4+ 0.6V, 6h,
AA5052 APTES/rGO 25 2%10°° HF 0.664 4 — 5 HA/CmZ [41]
Hummers . 0.5 mol/L H,SO, + 0.6V, 1h,
AA1060 method Carbon-coating 70 2%10-% HF <1 <5 <1 pAfem? [73]
. 50%ETFC+
AA3003 Wet spraying 25% TiC+25%C 25 0.1 mol/L H,SO, 1 370 — [74]
Composite
AAG6061 compression Polypropylene 70 ! mol/GL H,80,+ <1 — — [75]
. 2x107 HF
molding
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