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ABSTRACT: Among the various fuel cells, proton exchange membrane fuel cells (PEMFCs) have been widely used because of
their high efficiency, zero emission and environmental protection. Metal bipolar plates play an important role in electronic
connection, backbone for membrane el ectrode assembly, water management transmission and gas flow channelsin the PEMFCs.
However, the dissolution and corrosion of the metal bipolar plates are inevitable under high temperature and acidic conditions.
Recently, the surface coating technology has been identified as one of the promising and facile strategy to enhance the protective
functions for various metal bipolar plates. At present, various coatings have been developed to modify the electrical conductivity
and corrosion resistance of bipolar plates (BPs), including noble metal coatings, carbon-based coatings, metal nitride coatings,
conductive polymer coatings and M,,.;AX,, (MAX) phase coatings.

The work aims to review the research progress on fabrication and applications of MAX phase coating for surface
modification of metal bipolar plates. Different from the traditional transition metal nitrogen/carbide coating, MAX phases are a
new class of ternary nanolaminate materials with hexagonal lattice structure, in which M presents an early transition metal, A is
mainly from group A, and X is carbon or nitrogen. Benefiting from their unique layered structure and strongly controlled
covaent, ionic and metallic bonding characteristics, MAX phases possess the unique characteristics of metal and ceramic
materials, such as good electrical and thermal conductivity, as well as excellent corrosion resistance, heat resistance, oxidation
resistance, etc. Currently, considerable pioneering studies have been carried out on the preparation techniques, structural
characterizations as well as the industrial applications for MAX phase coatings in surface engineering.

Therefore, different methods evolving with chemical vapor deposition, physical vapor deposition, solid-phase reaction and
thermal spraying were introduced for synthesis of MAX phase coatings. Based on these deposition methods, a detailed
description of the preparation process for MAX phase coatings was provided, along with an elucidation of the varying effects of
different preparation methods on the surface morphology and microstructure of MAX phase coating materials.

Especially, physical vapor deposition was a commonly method used for preparing MAX phase coatings. The deposition
temperature of physical vapor deposition was relatively low, and the equipment was simple, which could realize the large-area
preparation of MAX phase coatings.

Subsequently, the corrosion rate of MAX phase coatings was measured through electrochemical corrosion tests under the
stimulated acid environments emulating harsh PEMFC systems, and the interface contact resistance before and after corrosion of
MAX phase coatings was evaluated. A detailed elucidation was provided on the variations in the conductivity and corrosion
resistance properties of MAX phase coatings, including Ti-Al-C, Ti-Si-C, and Cr-Al-C. Furthermore, intensive efforts were
conducted on the failure mechanisms of MAX phase coatings, considering aspects such as the elemental composition, crystal
structure, first-principle theory, degree of crystallization, differences in passive film composition, and atomic orientation.

Finally, due to the unique crystal structure limitations of MAX phase materias, achieving high-quality MAX phase
coatings preparation at moderate temperatures (<600 ‘C) remains chalenging, and there is a need to further enhance the
adhesion strength between the coating and the substrate. Comprehensive performance evaluations and stable engineering
applications research on assembled bipolar plates have not been carried out yet, indicating the necessity for further investigation
in these areas.

KEY WORDS: proton exchange membrane fuel cells;, metal bipolar plates; MAX phase coating; conductivity; corrosion
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Fig.1 Ratio of cost, weight and volume proportion of bipolar platesin PEMFCs
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Fig.3 Position of the elements in the MAX phase in the periodic table
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Fig.6 SEM images of the Ti,AIC MAX phase coatings deposited at 500 ‘C and 750 ‘C by magnetron sputtering: a)
cross-sectional image at 500 °C; b) side view at 500 °C; c) cross-sectional image at 750 °C; d) side view at 750 C[™
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Fig.7 Schematic diagrams of the HIPIM S magnetron sputtering system (a), bright-field image of annealed DCMS coating
cross-section and corresponding SAED image (b), STEM image of atomic arrangement of Ti,AlC grains (c), bright-field image of
the annealed HiPIM S coating cross-section and corresponding SAED image (d) and STEM image of
atomic arrangement of TizAIC, grains (€)!™®
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T IRZB U PERE . P, 7877 i infe] RIS
WRIERN ST, B R LSS A i TR
1.4 BEEE
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K8 LI & RIS J5 1 %5 11 CrAIC MAX MR 2 : @) IR B U R SR EIEl ;b )CrAIC 1219 XRD Kl il Rietveld

e (IR, EIREERZRTAH; ¢) CrAIC IRJZE B MORAE R A EIEE AT B9 Cr (260 ), Al (£0() Fi

C (W) JTRE d) KRR T IRZMES BRI o) RIELLANBAR HRTEM K14,
AR SR CrAIC G A G s ) BT 3RFA7 )5 A AR SAEDE

Fig.8 Cr,AIC MAX phase coating prepared by arc composite magnetron sputtering method: a) schematic diagrams of the coating

deposition system ; b) XRD patterns and Rietveld refinement (cal culated) of the as-prepared Cr,AlC coatings, including

identified impurity phases; c) cross-sectional morphologies of the as-prepared Cr,AlC coatings at higher magnification and
corresponding Cr (green), Al (red), and C (blue) elemental maps; d) TEM bright-field image of the coating at low magnification;
e) HRTEM image of the grain within the round solid line and the inserted image showing the unit cell of Cr,AlC; f) corresponding
SAED with the electron beam parallel to the direction!™

B9 B LI/ TR, & PR A BT 12 45 19 Ti AIN MAX A 202
Fig.9 Ti,AIN MAX phase coating prepared by cathodic arc/sputter deposition combined with heat treatment!”?:
a) The hybrid deposition system; b) Ti-Al-N coating; c) Ti,AIN coating
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AIFEAS [ JROSHRIR A Tk Aty ey 21
i R o o AW VA A S IR A & LRI T
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AR B 454 o Frodelins ZE 0% M ¥ 5 SO BT

TR TEER TLAIC B2, IRIRE R ERIK R
BERE R 38 um IR JE S5 ARG WILIRLS & R ar, Bl
Jy 3~5 GPa, SHuik Ti AIC i BEAHIT . SR, RIHH
Wk &R 2 S e R R AU & R | Ak, S EORZ
HRFEAE R 2o B ST R R . DA S R L AR LR JE R Y
5, [RIZ FRMER 2, DISINIECRR, Bk
R R B B 1% T At — e,
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VA I UA e — el o o R AR, e e AR
BEWETR BRI , 3 38 H 7E 300~1 200 m/s i il 4 o
o OB o SRR R, S e A B AR T R S
B, WiEmiRp RS AR A, B REA R
%2R Gutzmann 25 R B BEA AR R AR
[ JR EUURRT TiLAIC B2 . P IRIESE T
MAX 7] DL i 8 5 AR B iR, Maier 45090
KB BHRTEAE Zry-4 A 4R R IIH & TiAIC
MAX HITRZ, 458 EW, 5 Zry-4 54, B2
BEG LA T & A B (800HK ) LA A S iy T s 1k
HUBEIE A PE PR L TE , RERS AR SE AL T
) 2R it 2

IR mELR, BT TiAIC JFOREH ST (1 40
AL, AT 1% MAX FZTE 5 0 R 3
AR TERE . SR, TiLAIC 1§ 245 F b E iy
B AE A R ORI R D ik ] BETEE A T A%
Wi B2 SRR RO UR 2 o TR GV W s 7 TV R FH 1 e B
AR S AL AR R0 B O ZE H S5 IR 42, 2 HAdORY R
OB R TCIE S B SRR e o, L (EU A R 22 Fn 3
RIGIEEA b, AR ARG R K i 523 699,
1.5 EHftt MAX HIAEHI&H*

BT LR ks, BkohiOsE L otkar ., &
8 [ AR S 7 S5 4 2 MAX AR )Z

Jik o6t A ( Pulsed Laser Deposition, PLD)
JE— T T 45 45 b 2 2 IR IR A RO s, R
kv B &, K AR RS 28 R s, IR e
ik DR RIRE, AR SRR, 5 THRZE 50
PRFFAR I A2 R e o SR ST A SR E R PLD
fil#s MAX MIRZERS, Ak SII3BAL. Phani
2100136 55 PLD 7E 25~600 ‘C F Ui Ti-Si-C 82, 45

REIR Ti-Si-C )24S5 MR, 600 CHAYZE &
BEAAL A 50%, Jf- H. RIAH 76 25 5 Xt I SRR AT
FR4ER, FEARA R MAX H . Hu 250U s T PLD
Ik, (HERZA58) TiC 54 BH, JHICA TisSiC 4
B K, PLD AR BAR EAT il 5 MAX HR)ZMIE T,
A A el A5 B TSR JZ A& — A R e [R)

WOCKEE | BB ROV 2 T90HT 24 1 il 55
o OGS EE AR LW N Y, R YR
B IO AR A s oy ) 5 R A R T I B I PR B [
M 4204, Richardson %1025 4k 2+ o0 E b
KA R IR FIRE 2Ti:ALC IR E, s T
B FEREMESERE, I T R E M
TEEM AR FURHE A B MAX MBI AT T0E . HRTA %
BOCIEE T & MAX MR Z st (R0 E
MAX tHIRJZEGEGHRE R . W2 . Hogm X
INGERE AL, AR AR EAR O — PR

Fashandi 2¢O Jf] & [ 25 )52 37 ( Substitutional
Solid-State Reaction, SSSR), fil % T TisAuC, #l
Ti3AU2C2 *Ho ﬁﬁ%%fmﬁ%ﬂ'ﬁ SiC %%Lﬁ'ﬁfﬁﬂ%
60 nm JE1Y TizSIC, MAX HIURZ, JG7E TizSIC, & if
TESFHITAR 200 nm JEA9 Au )2, T4 670 ‘CiE k 12 h,
i1 Au TP HGEA TisSIC, fdgd, Bt SR+
T TisAuC,. 22 J5 BRE 1 Ir % TisAuC, Hi) Au
PEAT B4 SV P2 A Tl rCoo 3 il B ik 738 45 1 B
FEERBE, Gnzshr . MIPRAE . —BORUL, BN & —
AT 2F IR B R, T L A B T B RS ] R e Al
K2 (B (R AL BB RE &2, HXFRoBT YY) SSSR 1%
AR &R MAX A SR 3T — R k.

ZE bk 48 R & MAX MR 2 0 5 2
ZFE, BERR T RARE B ORI S A TR 2 L
P& Lo A D S R S AR P S A R A5 A DL ) i £ Tk

&1 MAXESRENARG&HE
Tab.1 Different preparation methods for MAX phase coatings

Deposition Characteristics Limitations Ref.
method
1) Complex equipment: Specialized equipment such as
reaction chambers, reactive gas supply systems, and
1) Easy availability of raw materials heating systems, with high technical requirements and
Chemical 2) Strong controllability: By controlling para-  costs
vapor meters such as the concentration and pressure  2) Low production efficiency: Long reaction time and [29,58-62]
deposition of the reactive gases, the properties and thi- extended preparation cycles
ckness of the thin film can be controlled 3) High-temperature environment: Elevated tempera-
tures can result in thermal stress and deformation issues
for the substrate material
1) High production efficiency 1) Lir_nite_d mate_rial options: The use of metal or alloy
Magnetron 2) Excellent coating uniformity: Uniform mi- materials IS required .
sputtering crostructure and dense nanocry.stalline struc- 2 Annealing treatment: To enhance the coating's den-  [8,36,63,74-77]
ture, providing strong adhesion and density sity and crystallinity, annealing treatment is needed,
' which adds complexity and cost to the process
D H@gh depo_sition rate - 1) Requires a high vacuum environment
Arc 2) High density and crystallinity 2) Coating thickness non-uniformity [81-83]

3) Suitable for complex-shaped substrate ma-
terials

3) Temperature sensitivity to substrate materials
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Drerlr)e(iz'gdon Characteristics Limitations Ref.
1) Simple process . . .
2; Goo% cgntrollability' The composition and 1) Thermal stress issues: The high-temperature reaction
Solid-State .7 involved in the solid-state reaction coating preparation
fi structure of tht_e coating can be controlled by thermal st d deformati bl f [87-91,93]
reaction adjusting reaction conditions and component may cause therm ress an ormation problems for
ratios the substrate material
; ; 1) Uneven coating quality: Coating quality is typically
1) Applicable for large-area coatin : e . : .
Spraying ) Appli 9 'ng uneven, with variations in coating thickness and [94-96,99]
2) Low cost composition
. . . 1) It requires advanced laser processing techniques and
1) It allows for localized high-energy heatin ) >
Pulsed laser aZId rapid melting enabling high %I);positio?\ experience, and the quality and performance of the [100-101]
deposition efficiency and r ia coating preparation coating are influenced by the technical proficiency of
Y a 9 prep the operator
. - . 1) It has higher sensitivity to the thermal properties of
tlﬁin igﬂgﬂ?g&:ﬁgg;? g)(O%eLL(EeI'l;uagsth?:tgn and the substrate material, requiring careful selection and [94,102]
9 9 pre-treatment of the substrate material
Substitutional 1) It is suitable for a variety of combinations . . L
solid-state of substrate materials and coating materials, 1301';2(?;&;2'3;2” grf ég,?agﬁﬁgg may be weak, making it [103]
reaction demonstrating good versatility P P 9

RIS, FA R R R BOR R 4R A
(HEARM AR S A2 B o I IR 2 R L 48 [ 25 SO 7
ZRBRR E B A, (RAETR)Z TR M4 45 105 )
KA FHETT

2 MAXTRiREES BRI A

AEEE T At T U AR e R 2, MAX A TR
JEAEAE BEAS F 30 0 AL S 00 S LT el PR R (DL IA
10 15k 2). HETH T B Al et 1) 264 Ti-Al-C,
Ti-Si-C. Cr-Al-C 3 2%, Ti,AlC (2 i L 35k 4.42x
100 Q tm™t, 24l Ti (9 2.1 1%, HAERRTE R IA
Hh A RE R R AR E M. T T B S O e X L T
BHEMISIE LM Ti:AC, (A=Si. Sn. Al. Ge)
A HAATE PR B AL Y LA s i i A8 % B, (AR
B HESRNEENM, Ti3d&, AR pAFCH
2p ASHLFSI T A AH I H S R RE RGPS o s DL
CrAIC LS M TR | U b A S ok, iz
N TR AR, 2] T R AR ER .

110 AN ) U J2 X6 WU A 5 F it ok

/].i ﬁE E,(J ?_2 urﬁj [74,84-85,101,105-106]

Fig.10 Effect of different coatings on the conductive
corrosion resistance of bipolar plates "8485101105-106]

2.1 Ti-AI-C & E

TERRRL L 1 SR AR B R, MAX ARTR JZ
XA A 1CR NEAERFAERROKF-, AR 52 [ RE TR

&2 MAX TR EX AR R S 8 i 0o 1 BE B S0

Tab.2 Effect of MAX phase coating on conductive corrosion resistance of bipolar plates

MAX phase - Corrosion current 2

coating Deposition method Electrolyte density /(uA-cm %) ICR/(mQ-cm°) Ref.

Ti,AIC  Magnetron sputtering — — 3.27 [74]

TisAlIC, Magnetron sputtering H,SO,+ 2 mg/L F (pH=3), 70 C 0.80 3.73 [109]

TisSIC, Magnetron sputtering 0.5mol H,SO, +2mg/L F, 70 C 0.86 4.85 [111]

Cr,Alc  AATC COMposite Magnetron g & 1 oo 4 5 mg/L HF, 80 C 0.30 4.50 [85]
sputtering

Cr,Alc  AATC cOmposite magnetron o 5 1 1y 56 4 5 mg/L HF, 80 °C 0.02 3.16 [84]
sputtering

Cr,AIC  Magnetron sputtering 0.01 mol/L H,SO4 0.24 — [114]
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2025 4 DOE( Department of Energy )#5 i, 140 N/cm?
T ICR R /NTF 10 mQ-cm?, LA 45 25 %6 1) 5 v M Fn
FERARBL LM Y 4 o [AIHSE, £F PEMFCs BB 4c 1
T TAER, UM AR T H A KA R bk B, DOE
T LSRR Y JE T L R B Joore I 24/NT 1.0%
106 A/cm?07

Abbas 213 1:f b G P 5B R 72 500 °C Al
750 C R4 T Ti,AIC MAX FHI&)Z, I HB T
4 8 AU AR I, 7E 500 “C T il 45 194 2 th AR 7E e v
BRI TIC B, FEOE SR 2%, ICREEER
F SS316 (123 mQ-cm?), Tfii 750 C T il %% i vk 2=

TR Ti, AIC MAX 1, BA B MR RIE
B—PEIREL, MAX HHABHE S oK RE G A A i T
w08 750 CULRIIRIZ BARMLH ICR, {UH
3.27 mQ-cm?, AT DOE #5ifE (WA 11),

Lu 25010900 5 P S 1 b BRAE B TiC T
HUZ M SS304 LRIl T TizAIC, MAX )2 .
SRR, FTARERES A LAY door, HP Ul
AL M 23k 800, 900 “CHVALFHAYIRZ I Joor TH 3
Mk 2.1x10°°, 4.7x1077, 4.4x107 Alem? ( I 12¢ ),
Bi%E MAX FHETERL, 12 A8 h e A 2048 5
1 /& DOE #rifE iR, 7E54E PEMFCs P15 H 41 it

K11 SS316 FiIfEA[REE T UL TiLAIC M2/ ICR (a) KAE 750 C FULRN T, AIC&JZR ICR (b) "4
Fig.11 ICR of the bare SS and Ti,AlC coating deposited at different temperatures (a) and
ICR of the Ti,AIC coating deposited at 750 ‘C (b)[™

Kl 12 £ SS304 ik TR Ti-Al-C 22121 XRD &l (a), SS304 il SS304 i) #F 5 7E & 2 mg/L F 1 pH=3 H,S0,
W OCP (b) Al itk bihdk (c), 7EfBIM (0.6V, vs. SCE) (d) FIBH#% (-0.1V, vs. SCE) (e) ¥#kgrh
24 h [f) SS304 il TizAIC, )2 M LA LR, 7Rl PEMFC B FREE sh AT d 52 ( BP) MK R AIfEf 2 (AP)

Mk 2 5 SS304 I TizAIC, %2 ICR (f) [

Fig.12 XRD patterns of Ti-Al-C multilayer coatings deposited on SS304 substrates (a), OCP (b) and potentiodynamic polarization
curves (c) of bare SS304 and coated SS304 samples in pH=3 H,SO, solution containing 2 mg/L F, potentiostatic curves of bare
SS304 and the TizAIC, coated SS304 in simulated (d) cathodic (0.6 V vs. SCE) and (e) anode (—0.1 V vs. SCE) environments for

24 h and ICR of bare SS304 and TizAlC, coated SS304 before potentiostatic (BP) and after potentiostatic (AP)
tests in simulated PEMFC cathode environment (f)!*%
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b Ak, 0.6V (vs. SCE) Ff1-0.1V (vs. SCE)
TR R 430 8.0x10°77, 5.0x10 8 AJem?,
VR 2 R R T ko R At (LR 12d~e ),
IEAh, 20 S e th 15 2 B B 4271, 78 140 N/iem?
T By BHA Y 3.725 mQ-cm? ( WLIE 12f), A
THAREE S T 55 %

HAT, 78 XU AR A R, R4 0 S AR s 2
il % Ti-Al-C IR 20 ik z —. SR, X+ HAlh
Tk, W2 SARTURL Py ER S DTRURN 45 8 T Ak
s E AV G R AR B2 09 Ti-Al-C IR 2, R+
A E AR L 3t T AE A BE T 195 mi I (ol BB AT 7 TR
AT S

2.2 Ti-Si-C &2

TisSIC 1E 2 MAX AHRY SRR R, DR (Y i
IRGER AN ST 2 232 e a0 Lu MR bk
TG R #E SS304 il 4% Ti-Si-C %2, &E
2 AL A 1Y, TisSiCo A AR HE XRD K3 UL 13a),
BAFBZETF BT TiC &2 0H, BEE IR KIRER
Thim, TisSICo AT ST IG R £ o i A IRZAE
TR Jeor 18, £2 800 °C A1 900 “CHULFHS
Jeore [H43 5124 7.15%1077, 6.60%x10 7 Alcm?, 1 000 C

B KGR Y Jeor FE WG 5038 1, 345 7.38%10 7 Alem?,
BA355 A DOE brifE, FEIRZEA RAF0IB5 5
fie ( LI 13c~d ).

Ti-Si-C 4 2 /E140 PEMFCs 355 v B B9
it LAk S b, BEE TisSIC, MAX AHIAE S, B2
B ICR {HBAEAWIE /N (ILE 13b), RIZ7E AL H
RS PR TIiC, TiC &R RS R IR —,
5 TisSIC, B A et m MR S | Tl A fe
fig. IR AT H TiOH L A0 2k e R AR IR 2
o C o Ti LR, dEmER TIC AHFN TisSiC, AHAYAH
X, DL IR S IR A T o A5 FL PR BB P,
J7 A R T 3RAT T INAF A RO Al A 75 SR R2E A
RET AR 2 -

Ti-Si-C MAX MR ZBE AT R, FH
PEBE . i e A, H I A A7 A5 B 5 2 Y
Sy LLGIRN G5 T2, DU 3RAS BRAR ) 4 Ja AU AR Uk
JZEERFPERE . eAh, 5 HALE R ZAM R L,
1 TiN, CrNM24E | Ti-Si-C MAX 4 )2 B BIF5E Fl
FHIR AL F AR R B B . A Qi , Bl XT38
8 B APR A} FL b ) 5 SR AN DB 184 n RN = 1 R U 2 I T
SR, Ti-Si-C MAX MTR)Z B HET S ] g 215 2]
20 B3 R A5 o

K13 AR KR T SS304 #fi Ti-Si-C IR JZ2H0 XRD K3 (a), RIZ& A RIEE IS ICR (b)),

28 A )R A B (9 2 AE 0.5 mol/L HySO, + 2 mg/L B i T B ALt (¢) Mt fbi 4 (d) 1
Fig.13 XRD patterns of the Ti-Si-C coatings on SS304 at different annealing temperatures (a), |CR of the bare SS304 and coated
SS304 at different annealing temperatures (b), comparison of open circuit potential against time (¢) and potentiodynamic
polarization curves of bare SS304 and coated SS304 samples (d)!*'!
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2.3 Cr-Al-C %&E
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Ma %5181 5% BT I A el oI 42 45 G 45 0k S O i A
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HRA A IR E e i 518 R Rt A DRGSR S R B
S E SN R S N VA A el R
3.7x107 Alem?, mfKT SS316L FHEAR Y fth oL i
B [REE, AR ICR ML S (WK 14d), Btk

JEFESL Y ELAA L SS316L AR ICR A, IEMIH T
PEAAAE T SS316L £33 T KM B Ay $2 o

WEAh 22 R A2 B4R T e I/ S A A s TR
RALEA KA EGRE K, #F SS316L L ifil % 1 A
F T HRL ) ) CrRAIC 12 R0 FPols OB T AS [ e i)
(20, 40, 60 min) ) I )2 ARE i 23 Sl 44 R S20.
$40. S60. tR¥ENHEMM LML (WK 15a), Frf
TR ZFE S AT S 1 Ecore AN Jeorr, H S60 F
Y Joor (6.8x1072 pAlem? ) B A T HABKE S . 12 h
B LA AR AR 25 S B (LR 15b~c ), S60 kSR I
T g R T R, O X U % O 9.0
10°% pAlem?, S60 ELA7 e AE Y it i o T 5 CrAlC
WERIM (103) BRI A X, i REREMT
ICR {E¥it/NF SS316L ( WL 15d), H AN
3.16 mQ-cm?, fEHfikiL 12 h )5, T REEmFE
SURBL I IE AL, ICR (MG BN, {EAKIRYEFRAE
AR R, CroAIC 132 85 IR A 7] 45 30 %A% ICR,
FF Mt SS316L A5 S5 14 T Jig itk

X 2= 2= WA ) SS304 A LA, 7E H T A
CrAIC MAX MIIRIZ, S5 EIR, XU 18 i
WE N 2.43x10° 7 Alem?®, M5 T SS304 FRE T 2 %L
G T H B AR B BE A R A R R R E TE
2.3x10°7 Alem®, BB HL W% B R R 2.44x
10 8 Alem?, KW CrAIC IR JZ RFEA F T4 55 SS304
U AR P T ot

K14 stk (a), WIZTE 0.6V (vs. SCE) R aME AL ITZE (b)),
B (c), LABCAK B A B v 7 3 30 AT JS B A A ICR(E (d) &)
Fig.14 Potentiodynamic polarization (a), long-time potentiostatic tests on coated SS316L with 0.6 V (vs. SCE) (b), J)assivated
current densities (c) and ICR values of the samples before and after the long-time potentiostatic tests (d)'®
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E 15 80 °CRM: G i i v h i sh L i i fb i 26 (@), SS 316L AR ZFE fhiiAT 12 h MK HE AL (b) 2
FIBE A e A S P T (o), A E s AR B0 i JERE A A9 ICR(E (d) 184
Fig.15 Potentiodynamic polarization curves observed in the acid corrosion electrolyte at 80 “C (a), long-time potentiostatic tests

on bare and coated SS316L with 0.6 V (vs. Ag/AgCl), in acid corrosion electrolyte at 80 ‘C for 12 h (b), corresponding final
stable current densities (c) and ICR values of the samples before and after the long-time potentiostatic tests (d)®*
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