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Fig. 1-13 SEM image of fracture surface after SSRT test with wet coating film. 
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Table 2-1 Chemical compositions of the test piece used mass%  
 C Si Mn P S Ni Cr 

Test piece 0.053 0.40 1.04 0.029 0.004 8.05 18.11 
 

 
2-2 H3PO4

85 mass% H2SO4 95 mass%
CH3SO3H 98 mass% 2

H3PO4:H2SO4:CH3SO3H = 50:50:0 vol% E1
50:25:25 E2 50:0:50 E3

SV-10 343 K
20 A/dm2 3 min  

 
Table 2-2 Compositions of electrolytic polishing solutions (vol%) and polishing conditions 

 
 Acid electrolyte composition 

(vol%) 
Viscosity 
mPa s
298K  

Current 
density 

Treatment 
time 

 
Temperature 

No. H3PO4 H2SO4 CH3SO3H (A/dm2) (min) (K) 
E1 50 50 0 29.8     
E2 50 25 25 38.4  20 3 343 
E3 50 0 50 50.1     

 

 

Surfcoder 
SE800

Ra μm 0.2 mm/s 4.8 mm
λc 0.8 mm2 5 3

 SFT-4500 SPM



5 μm 5 μm
Sa nm  

 
2-3

2-1 E3 250 g/dm3 CrO3

500 g/dm3 H2SO4 338 K 30 min
250 g/dm3 CrO3 2.5 g/dm3 H3PO4 298 K

1 A/dm2 10 min 25 vol%
HNO3 2.5 mass% Na2Cr2O7 298 K 15 min 50 

mass% Mg(NO3)2 333 K 360 min 3
1 T1 T2

T3 T4  
 

 
Fig.2-1 Flowchart for preparation of the specimen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 2-3 Each treatment condition of preparing the specimen 

Sample Conditions 
T1 (0)Non-Treatment 
T2 (1)Electro polishing 

Composition   H3PO4 50 vol%, CH3SO3H 50 vol% 
Temperature   343 K 

Time     3 min 
Current density   20 A/dm2 

T3 *Treatment(1)is the same as above the conditions. 
(2) Chemical Oxidation 

Composition   CrO3 250 g/dm3, H2SO4 500g/dm3 
Temperature   338 K 

Time   30 min 
(3) Cathode electrolytic sealing treatment 

Composition  CrO3 250 g/dm3, H3PO4 2.5g/dm3 
Temperature  298 K 

Time  10 min 
Current density  1 A/dm2  

T4 *Treatment(1),(2)and(3) are the same as above the conditions. 
(4) Curing 

Composition  HNO3 25 vol%, Na2Cr2O7 2.5 mass% 
Temperature  298 K 

Time  15 min 
 

Composition  Mg(NO3)2 50 mass% 
Temperature  333 K 

Time  360 min 
 



T4
X

JEM-2100F TEM
200 kV

T2 T4 X
 Quantera SXM XPS

Cr XPS X
Al-Kα 200 μm 45° 4 kV

Ar 2 2 mm  

 
T1 T4

1 cm2 293 K
NaCl 3.5 mass% Pt
SCE Bio-Logic VMP3 100 

mV/min
0.1 mA/cm2 Vc

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
2 T1

E1 E2

E3 Ra

3 T1 E1 E2 E3
Ra T1 0.19 E1 0.16 E2 0.11 E3 0.10 μm

SPM Sa

4 SPM T1 E1 E2 E3
E3 Sa

T1 7.5 nm E1 1.8 nm E2 0.6 nm E3 0.5 nm

2
 

Jacquet 19) SUS304
5 SUS304

10 μm
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29.8 mPa·s

50.1 mPa·s

5 b 20)  
 
 



 

 
Fig.2-2 Appearance of the specimens before(T1) and after electro-polishing treatment E3 . 

 

 

 

 

 

 

 

 



 

 

Fig.2-3 Surface roughness (Ra) measurement results. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2-4 Surface images (T1,E1,E2,E3) by scanning probe microscopy 
(Upper: 2D image, lower: 3D image, Scanning range 5μm×5μm). 
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 Fig.2-5 A schematic diagram of electro-polishing mechanism.18) 
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Fig.2-6 Cross-sectional TEM image and elemental maps by using energy dispersive X-ray 
spectroscopy after T4. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2-7 XPS profiles of the specimen surfaces for electro-polishing (a) T2-Surface and depth 
profiles of (d) T2-Depth, chemical oxidation and cathode electrolytic treatment (b) T3-

Surface and depth profiles of (e) T3-Depth and passivation treatment (c) T4-Surface and 
depth profiles of (f) T4-Depth, respectively. 

 
 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2-8 XPS profiles scanning narrow ranges (567-595 eV) of the T4 specimen surface. The 
far side of the paper is the topmost surface of the film (Etching time: 0.2 min). As etching 
progresses, the profile shifts to the front side (Etching time: 20.0 min). 
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Fig.2-9 Anodic polarization curve of SUS304 -2B before (T1) and after electro-polishing (T2), 
chemical oxidation and cathode electrolytic treatment (T3) and passivation treatment (T4), 
respectively, in 3.5 mass% NaCl aqueous solution at room temperature. 
 

 

 

 

 

 

 

 

 



 
 

Fig.2-10 Pitting corrosion potentials of SUS304 -2B before (T1) and after electro-polishing 
(T2), chemical oxidation and cathode electrolytic treatment (T3) and passivation treatment (T4), 
respectively, in 3.5 mass% NaCl aqueous solution at room temperature. 
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Fig.2-11 Schematic of formation and growth process of oxide film by chemical oxidation (M: 

Cr, Fe or Ni; n: valence of ion; x, y and z: coefficient of the elements or water 
molecule).16),18),27) 
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Table 3-1 Chemical compositions and mechanical properties of the SUS304 specimens 



P1 P2
3-2

Table 3-2 Each treatment condition of preparing the specimen. 

SSRT
4.17×10-5 s-1 SSRT 110 MPa

ε L mm L0 mm t s ε
L-L0 L0×t

99.9999 % 99.999 %
(Scanning Electron 



Microscope, SEM) SEM Hitachi S-3400N 

 
Fig.3-1 Schematic of a SSRT specimen. (Unit: mm) 

Fig.3-2 Material testing equipment in high-pressure hydrogen at room temperature. 

400 kPa 573 K 673 K 773 K
3-3 35 mm

0.1 mm SUS304



Fig.3-3 Schematic of a hydrogen permeation measurement of the specimens. 

TEM
SUS304 TEM

X
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Fig.3-4 Nominal Stress-Strain curves of SSRT tests. 



Table 3-3 Mechanical properties of the specimens obtained from SSRT tests. 

SEM
3-5 110 MPa SSRT

SEM

3-6 10 MPa
SSRT SEM

3-7 3-8 110 MPa 10 MPa SSRT
SEM

3-3 110 MPa

3-9 110 MPa 3-10 10 MPa SSRT
SEM

3-9 3-10

(1b)



(2a) (3a)

Fig.3-5 SEM images of the fracture surface and its side of the unfinished specimen after 
SSRT in 110 MPa hydrogen (1a). 

 



Fig.3-6 SEM images of the fracture surface and its side of the unfinished specimen after 
SSRT in 10 MPa nitrogen (1b). 



Fig.3-7 SEM images of the fracture surface and its side of the electro-polished specimen after 
SSRT in 110 MPa hydrogen (2a). 



Fig.3-8 SEM images of the fracture surface and its side of the electro-polished specimen after 
SSRT in 10 MPa nitrogen (2b). 



Fig.3-9 SEM images of the fracture surface and its side of the passivation-treated specimen 
after SSRT in 110 MPa hydrogen (3a). 



Fig.3-10 SEM images of the fracture surface and its side of the passivation-treated specimen 
after SSRT in 10 MPa nitrogen (3b). 
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Fig.3-11 Hydrogen permeability of coated samples as a function of temperature. 
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Fig.3-12 Cross section TEM images of a passivation film deposited on a SUS304 substrate. 

(a) upper, (b) middle and (c) interface part of the passivation film, respectively. 
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Fig.3-13 Load-displacement curves by nano-indentation. 
1 SUS304 unfinished, 2 electro-polished, 3 chemical oxidation and 4 passivation. 
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Table 4-1 Chemical compositions of the test piece used mass%  
 C Si Mn P S Ni Cr 

Test piece 0.053 0.40 1.04 0.029 0.004 8.05 18.11 
 

 
 

Fig.4-1 Welding substrate fabrication 
 

4-2
H3PO4 85 mass% H2SO4 95 mass%
CH3SO3H 98 mass% 4-2

H3PO4:H2SO4:CH3SO3H = 50:50:0 vol% E1
50:25:25 E2 50:0:50 E3

SV-10 343 K
20 A/dm2 3 min

 SFT-
4500 ISO25178-6 5 μm×5 μm Sa

nm  



Table 4-2 Compositions of electrolytic polishing solutions (vol%) and polishing conditions 
 Acid electrolyte composition 

(vol%) 
Viscosity 

mPa s 
Current 
density 

Treatment 
time 

Temp. Sa 

Sample 
No. 

H3PO4 H2SO4 CH3SO3H 298K
 

(A/dm2) (min) (K) (nm) 

T1 - - - - - - - 19.0 
E1 50 50 0 29.8  20 3 343 12.5 
E2 50 25 25 38.4  20 3 343 5.7 
E3 50 0 50 50.1  20 3 343 1.5 

 

4-2 E3
4-2 a 250 g/dm3 CrO3 500 g/dm3 H2SO4

338 K 30 min 4-2 b 250 g/dm3

CrO3 2.5 g/dm3 H3PO4 298 K 1 A/dm2

10 min 4-2 c 5-7) 25 vol% HNO3

2.5 mass% Na2Cr2O7 298 K 15 min 50 mass%
Mg(NO3)2 333 K 360 min 4-2 d  
 

 
 

Fig.4-2 Film formation process flow 
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Fig.4-3 Equipment appearance 
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SUS304 2B T1
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Sa nm 19.0 nm 12.5 nm 5.7 nm 1.5 nm
E3 H3PO4 50 vol , CH3SO3H 50 vol
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Fig.4-4 Hydrogen permeability measurement 
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Fig.4-5 XPS profile of SUS304 sample surface (a) non-welded point before surface treatment, 
(b) welded point before surface treatment, (c) non-welded point after surface treatment and 

(d) welded point after surface treatment, respectively. 

(c) 

(d) 



Fig. 4-6 XPS profile of SUS304 welded substrate after surface treatment 
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Fig.4-7 Cross-sectional TEM of SUS304 welded substrate with film 



Fig.4-8 Elemental mapping of film coated SUS304 welded substrate (a) non-welded point and 
(b) welded point 
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Fig.4-9 Hydrogen permeation mechanism in the film of this report. 
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