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In Table S1, here are assigned values to the various properties of each coating with a total of four levels. Each number from smallest to largest represents the performance level from low to high, such as “443421” for the noble metal coating. The discussion below and Table S2 show the criteria for assigning values to each evaluation indicator.
For adhesion: Apart from pure carbon and polymer coatings, the remaining coatings mostly consist of Cr, Ti, or other metals as the seed layer. They have little difference in adhesion to the substrate. However, due to the relatively large differences of physical properties between a-C and polymer coatings with the metal substrate, these two types of coatings have weaker adhesion to the substrate. For example, the pristine PPY coating has poor adhesion property and exhibits micro-cracks between PPY particles, which would result in the diffusion of corrosive species and cause the delamination of the coating during long-term immersion. Therefore, we assigned a level of “2” to pure carbon and polymer coatings, and a grade of “3” to the rest of the coatings.
For production efficiency: We primarily evaluate efficiency based on factors such as preparation method, temperature, and the complexity of the coating structure. For metal compound coatings, the preparation of the composite layer is more complex compared to that of single or double layers in other coatings, leading to lower fabrication efficiency. For polymer coatings, the polymerization process is less efficient. In the case of carbide coatings, there are stringent requirements for the temperature and carbon source during preparation, hence the efficiency is relatively low as well. Thus, we assigned a grade of “1” to polymer and metal compound composite coatings, a grade of “2” to noble metal, carbide, and nitride coatings, and a grade of “3” to the remaining coatings.
For production cost: Except for the noble metal coatings having the highest cost, and the polymer coatings having the second-highest cost due to the polymerization process, the raw material costs of the other coatings do not differ significantly from each other. This is because the raw materials for the remaining coatings are mostly common materials such as graphite, titanium, chromium, etc., which have comparatively lower costs. Hence, we assigned a level of “1” to noble metal coatings, a level of “2” to polymer coatings, a level of “4” to pure carbon coatings, and a level of “3” to the remaining coatings.
Unfortunately, there are currently too few tests available for ICR under potentiostatic polarization and after polarization, especially for coatings such as polymer and pure carbon. As a result, coatings that lack a performance score for this category are marked with an asterisk (*). Future research should pay more attention to these points as a reference standard for assessing the long-term service stability of coatings.
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Table S1.  Polarization and conductivity tests results and grade assignments for different types of coatings
	Coating type
	Coating
	Preparation method
	Test solution
	Current densities of PD test / (μAcm2)
	Current densities of PS test / (μAcm2)
	Initial interficial contact resistance (ICR) (1.4MPa) / (mΩ·cm2)
	ICRs after PS
(1.4MPa) / (mΩ·cm2)

	Noble metal coatings
443421
	Pt3Fe /SS316L（15%Bs）
324
	ASPA
	0.5 molL1 H2SO4 + 2ppm HF, RT
	0.644
(0.6 V vs. SCE)
	0.034 
(0.6 V vs. SCE, 4 h)
	
	6.3
	6.5
(0.6 V vs. SCE, 4 h)
	

	
	SS316L/TiN/Au
444
	Magnetron sputtering
	PH=3 H2SO4+0.1ppm F, 80℃
	0.07 
(0.6 V vs. Ag/AgCl)
	0.23
(0.67 V vs. Ag/AgCl, 96 h)
	20
(1.43 V vs. Ag/AgCl,6 h)
	1.7
	5.8
(0.67 V vs. Ag/AgCl,96 h)
	2.4
(1.43 V vs. Ag/AgCl,96 h)

	
	316L/ a-C: Ag: Cr
444
	CFUBMSIP
	PH=3 H2SO4+0.1ppm HF, 80℃
	0.207
(0.6 V vs. Ag/AgCl)
	0.047
(0.6 V vs. Ag/AgCl, 24 h)
	
	1.32
	2.14
(0.6 V vs. Ag/AgCl, 24 h)
	

	a-C/metal/metal compound composite coatings
343433
	SS316L / Cr seed layers / a-C
24*
	CFUBMSIP
	PH=3 H2SO4+0.1ppm F, 80℃
	0.76
(0.84 V vs. SHE)
	12.8
(1.1 V vs. SHE, 1 h)
	210
(1.6 V vs. SHE, 1 h)
	2.3
	7.6
(1.1 V vs. SHE, 1 h)
	34
(1.6 V vs. SHE, 1 h)

	
	SS316L / Ti seed layers / a-C
33*
	CFUBMSIP
	PH=3 H2SO4+0.1ppm F, 80℃
	0.35
(0.84 V vs. SHE)
	0.31
(1.1 V vs. SHE, 1 h)
	50
(1.6 V vs. SHE, 1 h)
	5.2
	14.5
(1.1 V vs. SHE, 1 h)
	23.4
(1.6 V vs. SHE, 1 h)

	
	SS316L / Nb seed layers / a-C
33*
	CFUBMSIP
	PH=3 H2SO4+0.1ppm F, 80℃
	0.54
(0.84 V vs. SHE)
	0.1
(1.1 V vs. SHE, 1 h)
	80
(1.6 V vs. SHE, 1 h)
	5.48
	17.8
(1.1 V vs. SHE, 1 h)
	26.1
(1.6 V vs. SHE, 1 h)

	
	a-C/Zr-C/316L
334
	CFUBMSIP
	0.5 molL1 H2SO4+5ppm F, 70℃
	0.49
(0.6 V vs. SCE)
	0.06
(0.6 V vs. SCE, 10 h)
	
	3.63
	3.92
(0.6 V vs. SCE, 10 h)
	

	
	C100Ti60/316L
144
	CFUBMSIP
	0.5 molL1 PH=3 H2SO4+0.1ppm F, 80℃
	1.47
(0.6 V vs. Ag/AgCl)
	0.56
(0.67 V vs. Ag/AgCl, 48 h)
	14.5
(1.43 V vs. Ag/AgCl, 6 h)
	2.67
	5.41
(0.67 V vs. Ag/AgCl, 24 h)
	6.78
(1.43 V vs. Ag/AgCl, 1 h)

	
	C/Ti/316L
444
	CFUBMSIP
	0.5 molL1 PH=3 H2SO4+0.1ppm F, 70℃
	0.06
(0.84 V vs. SHE)
	0.02
(0.8 V vs. SHE, 26 h)
	
	1.59
	1.99
(0.8 V vs. SHE, 26 h)
	

	
	TiCx/a-C/316L
333
	CFUBMSIP
	0.5 molL1 PH=3 H2SO4+0.1ppm F, 80℃
	0.55
(0.84 V vs. SHE)
	0.01
(0.84 V vs. SHE, 24 h)
	1.2
(1.6 V vs. SHE, 1 h)
	3.14
	6.8
(0.84 V vs. SHE, 24 h)
	23.8
(1.6 V vs. SHE, 1 h)

	
	TiCx/a-C/316L
(n=15)
333
	CFUBMSIP
	PH=3 H2SO4+0.1ppm F, 80℃
	0.33
(0.6 V vs. Ag/AgCl)
	0.003
(0.6 V vs. Ag/AgCl, 24 h)
	
	3.5
	6.8
(0.6 V vs. Ag/AgCl, 24 h)
	

	
	Cr/N/C/316L
(OEM 60%)
34*
	CFUBMSIP
	0.5  molL1 H2SO4 + 5ppm HF, 70℃
	0.31
(0.6 V vs. SCE)
	0.158
(0.6 V vs. SCE, 10 h)
	
	2.11
	
	

	
	(a-C: H/TiC)/(TiCN)/(TiN)
(60 mL·min1)
24*
	HiPIMS
	0.5 molL1 H2SO4+5ppm F, 80℃
	0.66
(0.6 V vs. SCE)
	 
	
	1.6
	
	

	Pure carbon coatings
332334
	a-C / Ti
(500℃)
12*
	DCMS
	PH=3 H2SO4+0.1ppm F, 80℃
	1.01
(0.84 V vs. SCE)
	4.83
(0.6 V vs. SCE, 1000s)
	
	6.63
	
	

	
	a-C /SS316L
33*
	DCMS
	0.5 molL1 H2SO4+2ppm NaF, 70℃
	0.58
(0.6 V vs. SCE)
	
	
	5.64
	
	

	
	a-C /SS316L
(0.9 kW)
444
	DCMS
	0.5 molL1 H2SO4+5ppm F, 80℃
	0.00752
(0.6 V vs. Ag/AgCl)
	0.00399
(0.6 V vs. Ag/AgCl, 12 h)
	
	2.91
	4
(0.6 V vs. Ag/AgCl, 12 h)
	

	Nitride coatings
423323
	Ti/TiN/SS316L
(300℃)
423
	RF-RMS
	PH=3 H2SO4+2ppm F, 70℃
	0.12
(0.6 V vs. Ag/AgCl)
	0.032
(0.6 V vs. Ag/AgCl, 10 h)
	
	8.3
	12.2
(0.6 V vs. Ag/AgCl, 10 h)
	

	
	TiN/Ti-6Al-4V
(N-600)
322
	LPPEN
	0.5 molL1 H2SO4+5ppm F, 70℃
	0.57
(0.6 V vs. SCE)
	0.09
(0.6 V vs. SCE, 6 h)
	1.46
(1.6 V vs. SCE, 2 h)
	6
	10
(0.6 V vs. SCE, 6 h)
	15
(0.6 V vs. SCE, 6 h)

	
	CrTiN/SS316L
(C-6A)
43*
	CFUBMSIP
	0.5  molL1 H2SO4+2ppm HF, 70℃
	0.085
(0.6 V vs. SCE)
	0.085
(0.6 V vs. SCE, 2 h)
	0.609
(1.1 V vs. SHE,2 h)
	4.8
	
	7.6
(1.1 V vs. SHE,2 h)

	Oxide coatings
313333
	(CrO*/Cr)2/316SS
311
	Magnetron sputtering
	PH=3 0.05  molL1 H2SO4 + 2ppm NaF
	0.39
(0.6 V vs. Ag/AgCl)
	0.054
(0.6 V vs. Ag/AgCl, 3 h)
	
	22.3
	36.5
(0.6 V vs. Ag/AgCl, 3 h)
	

	
	TiNO/Ti/316SS
(7sccmO2)
213
	CFUBMSIP
	PH=3 0.5  molL1 H2SO4 + 4ppm HF, RT
	0.692
(0.6 V vs. SCE)
	0.0702
(0.6 V vs. SCE, 24 h)
	
	19.5
	25.1
(0.6 V vs. SCE, 24 h)
	

	
	TiNO/Ti/316SS
(5sccmO2)
213
	CFUBMSIP
	PH=3 0.5  molL1 H2SO4 + 4ppm HF, RT
	0.74
(0.6 V vs. SCE)
	0.214
(0.6 V vs. SCE, 24 h)
	
	11.2
	19.8
(0.6 V vs. SCE, 24 h)
	

	
	Zr2N2O/SS
433
	PAD
	0.5  molL1 H2SO4 + 2ppm NaF, RT
	0.02
(0.6 V vs. Ag/AgCl)
	0.091
(0.6 V vs. Ag/AgCl, 42 h)
	
	6.9
	12.5
(0.6 V vs. Ag/AgCl, 42 h)
	

	Metal compound composite coatings
333213
	Ti/(Ti,Cr)N/CrN/316L
13*
	AIP
	0.5  molL1 H2SO4, 70℃
	1.78
(0.6 V vs. SCE)
	2.6
(0.6 V vs. SCE, 2 h)
	
	4.9
	
	

	
	CrAlN/CrN/316L
232
	CAE-PVD
	85wt% H3PO4, 140°C
	0.91
(0.6 V vs. Ag/AgCl)
	0.03
(0.6 V vs. Ag/AgCl, 4 h)
	
	6
	9
(0.6 V vs. Ag/AgCl, 4 h)
	

	
	TiN/TiAlN/316L
332
	CA-PVD
	0.5  molL1 H2SO4 + 2ppm HF, 80℃
	0.42
(0.6 V vs. SCE)
	0.73
(0.6 V vs. SCE, 4 h)
	
	6
	10
(0.6 V vs. SCE, 4 h)
	

	
	TiCN-2sccm/316L
32*
	CFUBMSIP
	0.5  molL1 H2SO4 + 5ppm HF, 70℃
	0.527
(0.6 V vs. SCE)
	0.15
(0.6 V vs. SCE, 24 h)
	2.1
(1.2 V vs. SCE, 1 h)
	10
	
	

	Carbide coatings
333323
	TiC/TA1
121
	DGPSM
	0.05  molL1 H2SO4 + 2ppm HF, 70℃
	1.969 (0.6 V vs. SCE)
	0.17
 (0.6 V vs. SCE, 4 h)
	
	7.5
	16.9
(0.6 V vs. SCE, 4 h)
	

	
	Cr0.75C5/316
14*
	CFUBMSIP
	0.5 molL1 H2SO4+5ppm F, 70℃
	1.046 (0.6 V vs. SCE)
	0.032
 (0.6 V vs. SCE, 10 h)
	
	1.4
	
	

	
	a-C-Cr0.205/316
34*
	CFUBMSIP
	PH=3, 80℃
	0.396 (0.84 V vs. SHE)
	
	
	0.4
	
	

	
	Cr-molybdenum carbide-1052nm/316L
321
	Magnetron sputtering
	0.5 molL1 H2SO4+2ppm HF, 70℃
	0.5
(0.6 V vs. SCE)
	0.1
(0.6 V vs. SCE, 1 h)
	
	8
	10
(0.6 V vs. SCE, 1 h))
	

	
	Ti3AlC2/304
133
	DC-PMS
	PH=3  H2SO4 + 2ppm F,
70℃
	10-3.5
(0.6 V vs. SCE)
	0.8
(0.6 V vs. SCE, 24 h)
	
	3.725
	11.85
(0.6 V vs. SCE, 24 h)
	

	
	Cr2AlC/316(S90)
433
	ASDVA
	0.5  molL1 H2SO4 + 5ppm HF, 80℃
	0.068
(0.6 V vs. Ag/AgCl)
	0.09
(0.6 V vs. Ag/AgCl, 12 h)
	
	3.27
	5.56
(0.6 V vs. Ag/AgCl, 12 h)
	

	Polymer coatings
122112
	PPy/G
11*
	ECP
	0.3  molL1 H2SO4 +2ppm HF, RT
	1310
(0.6 V vs. SCE)
	
	
	19
	26
(0.6 V vs. SCE, 256 h)
	


Note: 1ppm=106
Abbreviation:
[bookmark: OLE_LINK1]PD: Potentiodynamic polarization;
PS: Potentiostatic polarization;
RT: Room temperature;
ASPA: Active screen plasma nitrogen-platinum co-alloying;
CFUBMSIP: Closed field unbalanced magnetron sputter ion plating;
HiPIMS: High power pulsed magnetron sputtering;
DCMS: Direct current magnetron sputtering;
DC-PMS: Direct current pulse magnetron sputtering;
RF-RMS: Radiofrequency reactive magnetron sputtering;
LPPEN: Liquid-phase plasma electrolytic nitriding;
PAD: Plasma atomic deposition;
AIP: Arc ion plating;
CAE-PVD: Cathodic arc evaporation-physical vapor deposition;
CA-PVD: Cathodic arc-physical vapor deposition;
DGPSM: Dual glow plasma surface modification;
[bookmark: _GoBack]ASDVA: Arc/sputtering deposition combined with vacuum annealing;
ECP: Electrochemical polymerization.
[bookmark: _Hlk164878934]Table S2.  Criteria for quantitative scoring
	Performance level
	Corrosion resistance / (μA·cm2)
	Conductivity, ICR / (mΩ·cm2)
	Performance stability, ICR/Time / (mΩ·cm2·h1)

	4
	＜0.3
	＜3
	＞10

	3
	0.3~0.6
	3 ~ 6
	0.1 ~ 0.5

	2
	0.6~1
	6 ~ 10
	0.5 ~ 1

	1
	＞1
	＞10
	＞1


Table S3.  DOE technical targets for PEMFC BPs
	Property
	Unit
	DOE 2025 target

	Cost
	$·kW1
	<2

	Corrosion current density
	μA·cm2
	<1

	Interfacial Contact Resistance
	mΩ·cm2
	<10

	Electrical Conductivity
	S⋅cm2
	>100

	Plate weight
	kg⋅kW1
	<0.4



