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Abstract: Small area X-ray photoelectron spectroscopy technique is employed to 
study the chemical bonding of metalkeramic interfaces. Nb, A&O, and Nb/Al,O, 
interface samples are chosen for the analyses. The results show that there is a 
chemical reaction at the interface. Nb donates electrons to surface 0 atoms with 
an NbO bond forming at the interface and Nb has an Nb” state at the interface. 

1 INTRODUCTION 

Interfaces between ceramics and transition and 
noble metals are of practical importance and it is 
of interest to understand the bonding between 
them. In view of the complex nature of atomic 
interactions between metals and ceramics, our 
understanding of their structures is still poor. In 
recent years, there has been considerable interest 
both theoretical and experimental. The chemical 
and structural aspects of metal&ceramic bonding 
have been characterized in many instances by elec- 
tron microscopy. In particular, recent advances in 
HREM have allowed this technique to provide 
both structural and chemical information about 
the interfaces at an atomic level.le3 Several recent 
studies by Rtihle and co-workers have shown no 
reaction layer forms at the interface of the Nb/Al,O, 
system by HREM.4,5 The surface science approach, 
including X-ray and ultraviolet photoelectron spec- 
troscopies, Auger electron spectroscopy, mass spec- 
troscopy, low energy electron loss spectroscopy and 
low energy electron diffraction to metalceramic 
interfaces studies provide information about chemi- 
cal, electronic and atomic structures of the interface. 
In the present paper, small area X-ray photoelec- 
tron spectroscopy (SAX) technique is used to deter- 
mine the bonding of Nb/Al,O, interfaces. 

2 METHOD 

The metalceramic interfaces can be produced by 
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many methods, such as internal oxidation, diffu- 
sion bonding, MBE technique. In the present 
study the samples used for the researches are 
formed by the hot pressing method, the bonding 
temperature is 1050°C and the pressure is 3.5 MPa, 
the orientation of Nb and Al203 is Nb( 1 lO)/Al,O, 
(10 lo), Nb[OO 1]/A1,0,[0001]. In order to analyse 
the chemical bond at the metalceramic interfaces, 
three types of sample (Nb, Al2O3, Nb/Al,O,) are 
employed for the XPS study. Because of the small 
area of the cross-section of the interface, the infor- 
mation obtained by normal XPS for the interfaces 
would be very small compared with the informa- 
tion of no interface area in the XPS dot. The 
diameter of the dot for small area XPS is only 
150-250 pm. All experiments of SAX XPS are 
performed on ESCALAB MKII multi-technique 
electron spectrometer. Small samples of Al,O,, 
Nb, and NWA1203 are fixed on Ni substrate, and 
the spectroscopy of every sample should contain a 
few signals from the Ni substrate. The SAX analy- 
ses of the NWA1,03 interface are performed on the 
cross-section of the interface. 

3 RESULTS AND DISCUSSION 

Figure 1 presents XPS spectroscopy for three sam- 
ples which did not contain any of the Ni informa- 
tion. Figure 2 is the electron binding energy of 
Nb(3d) of pure (solid) Nb (Fig. 2(a)) and the 
interface (Fig. 2(b)). Figure 2(a) shows Nb(3d) has 
two states - the metallic Nb peaks and the NbX’ 
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Fig. 1. The XPS spectroscopy for (a) Nb; (b) A&O,; (c) 
Nb/Al,O,. 

peaks. The peaks can be divided into two groups 
using a mathematics method. One of them 
(203.17eV and 205.8 eV) corresponds to metallic 
Nb and the other (207.15 eV and 209.75 eV) cor- 
responds to the oxidation state of Nb due to sur- 
face oxidation. The binding energy of Nb(3d) at 
the interface has only one group of peaks which 
does not contain metallic Nb peaks. The result 
shows Nb at the interface is oxidized due to the 
existance of Al,O,. Nb donates electrons to the 0 
atoms with an Nb-bond forming at the interface, 
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Fig. 2. Nb(3d) binding energy: (a) Nb; (b) Nb/A&O, interface. 

which means that all Nb(3d) in the interface and 
Nb has an Nb5+ state. The present study clearly 
shows that there is a chemical reaction at the 
Nb/Al,O, interface. This conclusion agrees with 
Ohuch? and will be further supported by the 
theoretical method. Calculations on the cluster 
models of the interface by DV-Xa method will be 
performed in a future study. 
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