
2013B1559       BL46XU 
 

 
In situ chemical State Analysis of Buried Metal-rubber Interface 

for Improving Automotive Tires 
 

 a,  b,  b,  c,  c,  c 
Kenichi Ozawaa, Takashi Kakubob, Naoya Aminob, Eiji Ikenagac, Tetsuya Nakamurac, Hiroshi Ojic 

 
a b c  

a Tokyo Institute of Technology, b Yokohama Rubber Co. Ltd., c JASRI 
  

X HAXPES

HAXPES

Cu2S  
 

HAXPES  
 

  

[1]
[2, 3] [4]

 

[4,5]
[6]

[2,3,7]
 

X HAXPES
 

 
 

HAXPES BL46XU 7.94 keV R4000
VG SCIENTA 200 eV

0.5 mm 10° TOA 80°
0°

270 meV  
7.94 keV nm

5×4×0.5 mm3

http://support.spring8.or.jp/Report_JSR/PDF_JSR_25B/2013B1559.pdf



Fig.1
SEM  

Cu/Zn = 66/34
ZnO

20 m
4 8 MPa 170 C

10

 
 

 
SEM

Fig.1 SEM
2 m 100 200 m

SEM

2 m
Fig.1

2 m
 

Fig.2 Fig.1 SEM
S 1s Cu 2p3/2 C 1s
HAXPES

3 I, II, III
C 1s

 

C 1sCu 2p3/2S 1s

290 28593094024702475 935
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)

In
te
ns

ity
 (a

rb
. u

ni
ts
)

I

II

III

I

II

III

I

II

III

Fig.2 3 I, II, III S 1s, 
Cu2p3/2, C 1s HAXPES h  = 7.94 keV, TOA = 80°

I, II, III III
 



S 1s Cu 2p3/2

Cu 2p3/2 I
II III

Cu
Cu 2p

Cu
Cu 2p

III
II I

 
S 1s

III 2471.7 eV

I 2470 eV

S

2470 eV I
III

Fig.3 a S 2470.0 eV S 1s
Cu 2p3/2 932.8 eV CuS Cu2O Cu 2p3/2

0.2 0.3 eV Cu 0 Cu2S [2,3]
Cu2S 2470.0 eV S 1s Cu2S

 
Fig.3 a S 1s 2470.0 eV

Fig.3 b S 1s
S 1s

X
CuS [2] S 1s

Fig.3 b CuS  

Cu2S Cu2S

X
Fig. 3

 
 

 

Cu2S Cu2S

Binding Energy (eV)

In
te
ns

ity
 (a

rb
. u

ni
ts
)

24702475

24702475

filter paper method

(a)

(b)

I

III

Binding Energy (eV)

Fig.3 a
I III S 1s

S
b
S 1s

7.94 keV TOA 80°



Cu2S
10 nm

CuS
CuS

Cu/S CuS

HAXPES
 

 
 

2013B1559 BL46XU
JASRI  

 
 

[1] B. Crowther, ed, “Handbook of Rubber Bonding”, Rapra Technology, UK, 2001 .  
[2] K. Ozawa et al., Appl. Surf. Sci. 264, 297 2013 . 
[3] K. Ozawa et al., Appl. Surf. Sci. 268, 117 2013 . 
[4] G.E. Hammer, J. Vac. Sci. Technol. A 19, 2846 2001 . 
[5] W.J. van Ooij, A. Kleinhesselink, Appl. Surf. Sci. 4, 324 1980 .  
[6] A.K. Chandra et al., J. Mater. Sci. 31, 2667 1996 . 
[7] T. Hotaka, Y. Ishikawa, Rubber Chem. Technol. 80, 61 2007 . 




