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Abstract: A plate of cubic boron nitride (BN) whose surface was covered by 
an AgTi 1.5 layer was subjected to thermal annealing at 950°C and 3* lop3 Pa for 
1 h. After this treatment the sample was polished on the transverse section. The 
BN-alloy interface was studied using Auger electron spectroscopy (AES). From 
the studies of the elemental distributions (Ag, Ti, B, N) on the surface of the 
polished section it can be concluded that all titanium diffuses from the AgTi 1.5 
alloy to the BN-alloy contact layer. As a consequence, Ag is not present in the 
contact layer. At the BN-Ti interface titanium boride is formed, whereas further 
from the interface towards the alloy, formation of the TIN layer can be observed. 

Diffusion of titanium towards BN and formation of new phases at the BN-Ti 
interface proves its great chemical affinity to BN. 

1 INTRODUCTION 

Boron nitride (BN) is widely used in modern tech- 
nology. Due to its unique properties (hardness in 
the range of 60-80 GPa, high resistance against 
oxidation in air up to 12OO”C, compressive strength 
of 5-6.5 GPa), cubic boron nitride is widely used 
in the production of polycrystalline super hard 
materials for the machine-building industry. Cut- 
ting elements fabricated from boron nitride are 
used for cutting hardened steel, cast iron and other 
materials which are difficult to process. In the 
fabrication of blades from boron nitride by sinter- 
ing, special binding admixtures (such as metals, 
alloys, nitrides, borides or carbides) must be added.’ 

The main goal of this communication is to 
elucidate the nature of the interactions between the 
alloy (in this case AgTi 1.5) and boron nitride. 

2 EXPERIMENTAL 

Plates of cubic boron nitride (Tieplonit, Ukrainian 
production) covered by an AgTi 1.5 layer were 
thermally annealed at 950°C and 3*10p3 Pa for 1 h. 
After this process samples were polished on the 
transverse section. The BN-alloy contact layer was 

studied by Auger electron spectroscopy (AES) 
using VSW equipment. An FEJ electron gun was 
applied. Electrons in the energy range of 3-10 keV 
served as the excitation source. The electron beam 
current was about 30 nA. The Auger electrons’ 
energy was analysed using the hemispherical 
analyser HA 150 produced by VSW which worked 
in FRR 10 regime. The pressure of residual gases 
in the analysis chamber was kept below 2*10p9 
mbar. Before each measurement the sample’s 
surface was cleaned from the adsorbed gases by 
bombardment with a 4 eV argon stream whose 
current was about 0.4 mA. The bombardment time 
was about 20 min. 

3 RESULTS AND DISCUSSION 

On the analysed surface three distinct areas were 
observed. In the first area a high concentration of 
Ag was registered; in the second one titanium and 
nitrogen were the main elements; and in the third 
one boron, carbon and nitrogen were predominant. 
These results are 
point analysis in 
electron energies 
in Table 1. 

shown in the spectra obtained by 
all three areas (Figs l-3). Auger 
of the elements studied are given 
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Analysis of elemental distributions was per- 
formed along the line perpendicular to the area 
boundaries. Results of this analysis are shown in 
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Fig. 1. Diagrams of energetic spectra, area 1 (traversing from 
AgTi towards BN). 

70 

68 

65 

63 

60 

58 

55 

53 

50 

48 

Fig. 2. Diagrams of energetic spectra, area 2 (traversing from 
AgTi towards BN). 
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Fig. 3. Diagrams of energetic spectra, area 3 (traversing from 
AgTi towards BN). 

Fig. 4. The y-axis in the diagrams represents the 
ratio of the Auger peak intensity of a given element 
to the background. This ratio is proportional to 
the concentration of the analysed element in a 
given point. Because of the possible adsorption 
of carbon present in the residual gas in the 
spectrometer the distribution of this element on the 
analysed surface may not be relevant to its con- 
centration in the sample studied. Therefore, the 
carbon content was not analysed. The distribution 
of nitrogen content was obtained by the indirect 
method since the peaks originating from titanium 
(381.362 eV) and the main nitrogen peak (375 eV) 
overlap. Thus the peak at 375 eV (shown in Fig. 4) 
represents the sum of titanium and nitrogen 
concentrations. The amount of nitrogen can be 
deduced from the comparison of changes of this 
peak with respect to the changes of the Ti peak at 
416 eV. 

The analysis of the elemental distribution based 
on Auger peak intensities is not always sufficient. A 
more accurate method involves the analysis of the 
peak areas. Such a procedure was applied for the 
more precise analysis of Ti, N and B concen- 
trations at the Ti-BN interface. In order to carry 
out this procedure a number of secondary electron 
spectra in the points located on the line perpen- 

Table 1. Auger transition energies for separate 
elements 

Element Auger transition Transition energy3 
type leV1 

Boron (B) KLL 172 
Carbon (C) KLL 263 
Silver (Ag) MNN 349,257,291,354 
Nitrogen (N) KLL 375,358 
Titanium (Ti) LMM 381,362,416 
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Fig. 4. Analysis of elemental distribution along the line 
perpendicular to the area boundaries. (Ibg denotes the back- 

ground intensity). 
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Fig. 5. Secondary electron spectra in the points located on the 
line perpendicular to the boundary studied. 

Table 2. Values of peak areas and peak area ratios for 
separate elements in given measurement points 

Number Peak Area Area/(Ti+N) 

23 B 
C 

Ti+N 
Ti 
0 

22 B 
C 

Ti+N 
Ti 
0 

21 B 
C 

Ti+N 
Ti 
0 

20 B 
C 

Ti+N 
Ti 
0 

19 B 
C 

Ti+N 
Ti 
0 

18 B 
C 

Ti+N 
Ti 
0 

24 B 
C 

Ti+N 
Ti 
0 

69 
588 

65 
57 

58 
508 

70 
64 

153 
278 

34 
45 

8 
206 

75 
12 
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18 
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Fig. 6. Auger peak area ratios for separate elements located 
on the line perpendicular to the Ti-BN interlayer. 

dicular to the interface studied were recorded. 
These spectra are shown in Fig. 5, in which the 
measurement number denotes particular measuring 
points. The distance between them was approxi- 
mately 2 pm. After abstraction of the background 
using Sharley’s method, areas of the separate peaks 
were determined. In order to determine semi- 
quantitatively the changes in the elements’ con- 
centrations the peak areas were normalised to the 
area of the peak at 380 eV which corresponds to 
two elements: Ti and N. This peak was denoted as 
Ti + N. The values obtained are summarised in 
Table 2 and Fig. 6. Additionally, the ratios of the 
peak areas, namely Ti/Ti + N were determined for 
two standard samples: TIN and TiB2. 

Analysis of the Ti-BN interface shows that in 
the Ti area a small amount of N exists, since the 
value of Ti/Ti + N ratio is lower for this sample 
than the one obtained for the standard sample 
which did not contain nitrogen (TiB2). However, 
at the Ti-BN interface this ratio is higher which 
suggests that nitrogen is not present. Simultane- 
ously boron appears in this area. Thus at the 
interface TiB2 is formed. 

4 CONCLUSION 

Results of the studies of the BN-AgTi 1.5 system 
by Auger electron spectroscopy (AES) show that 
Ti exhibits very high chemical affinity towards BN. 
As a result of a chemical reaction taking place at 
the interface, titanium diboride and nitride are 
formed. Titanium diboride is created directly at the 
Ti-BN interface. These results confirm the results 
of chemical equilibria calculations carried out for 
the Ti-BN system as well as the model studies.* 
Auger electron spectroscopy allows for localisation 
of new phases formed which is not possible using 
X-ray diffraction studies. 
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