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ABSTR

Purpose: The X-Ray Photoelectron Spectrometry (XPS) and Auger Electrons Spectroscopy (AES) analysis of PVD
coatings were performed for samples, made from cemented carbides, cermets and composite gradient tool materials.

Design/methodology/approach: The Ti(C,N) gradient coating was investigated by XPS and AES method with
multifunctional PHI 5700/660 spectrometer. The characteristic of surface region coating were determined from XPS
depth profile. The transition region between Ti(C,N) coating and substrate was analyzed by AES method as line profile.

Findings: The coating consists mainly of TiC and TiN compound. The oxygen impurities of investigated
coating is below 2%. The “fresh” surface of Ti(C,N) coating is covered by thin films TiO,. There was observed
homogeneous distribution of carbon, titanium and nitrogen elements in the surface region. The ratio of C/N
obtained for surface region is characteristic for deposited coating. The transition region is also homogeneous
between coating and cermet substrate.

Practical implications: PVVD deposition techniques making it possible to obtain surface layers with the
varying thickness values, respectively, with the structure changing across the layer depth along with the change
of its chemical or phase compositions for improvement of its properties, and especially for the advantageous
combination of the very high abrasion wear resistance of the surface along with the relatively high ductility of the
core of materials used for, respectively, blanking tools and for hot working, profile cutting tools with ductility high
enough and for the heavy duty very high speed cutting tools.

Originality/value: Auger electron spectroscopy (AES) and X-ray photoelectron spectroscopy (XPS) are an
excellent tools for performing surface analysis and for determining elemental composition as a function of depth. AES
or XPS analyzes the residual surface left after a certain sputtering time with rare gas ions. In this way composition
depth profiles can be obtained that provide a powerful means for analyzing worked layers, modified layers, thin
films, multiple-layered coatings, lubricants, reaction film products, transferred films, and their interfaces.
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1. Introduction

The contemporary technologies of materials forming employed in
the machining, casting, and also plastics forming domains call for using
more and more efficient tool materials. Deposition of hard wear
resistant coatings features one of the fastest developing directions of
research, stimulated by the growing service requirements of machines
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and equipment, making definite improvement of the sintered tool
materials possible (sintered high speed steels, cemented carbides,
cermets, ceramics). PVD deposition techniques making it possible to
obtain surface layers with the varying thickness values, respectively,
with the structure changing across the layer depth along with the change
of its chemical or phase compositions for improvement of its properties,
and especially for the advantageous combination of the very high
abrasion wear resistance of the surface along with the relatively high
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ductility of the core of materials used for, respectively, blanking tools
and for hot working, profile cutting tools with ductility high enough and
for the heavy duty very high speed cutting tools [1-6].

Auger electron spectroscopy (AES) and X-ray photoelectron
spectroscopy (XPS) are powerful analytical tools for material
science. AES and XPS methods are one of the most frequently
used methods of quantitative analysis. Those methods are an
excellent tools for performing surface analysis and for
determining elemental composition as a function of depth. AES or
XPS analyzes the residual surface left after a certain sputtering
time with rare gas ions. In this way composition depth profiles
can be obtained that provide a powerful means for analyzing
worked layers, modified layers, thin films, multiple-layered
coatings, lubricants, reaction film products, transferred films, and
their interfaces [7-13].

In paper results of XPS and AES analysis was introduced as
one of the most commonly employed surface analytical
techniques for analyzing multilayer nanostructure compositions of
surface layers, thin coatings and other components of a sample.

2. Methodology of research

The investigations were carried out on samples made from
cemented carbides, cermets and gradient tool materials obtained
by using the powder metallurgy of the chemical composition
corresponding to the HS6-5-2 high-speed steel reinforced with the
WC and TiC type hard carbide phases with the growing portions
of these phases in the outward direction from the core to the
surface. All substrates were coated using the PVD method of
Ti(C,N) gradient coating. Thickness of the investigated gradient
coating is in range 1.5-1.8 um.

The TiCN gradient coating was investigated by XPS and AES
method with use of multifunctional PHI 5700/660 spectrometer.
The measurements were performed with use of monochromatized
Al k, x-ray source (hv = 1486.6 eV) for the XPS technique. All
spectra were calibrated to binding energy for Ag3ds;,, Au4f;, and
Cu2pg, levels. The analysis were performed oc “fresh” ex situ
surfaces and after sputtering process by Ar* ions with energy 4
kV. The absolute sputter time was 90 minutes. The chemical
states of titanium and carbon for vapor deposited coating were
analysed from the shape of photoelectron core levels Cls and
Ti2p. The characteristic of surface region coating were obtained
from XPS depth profile. The transition region between Ti(C,N)
coating and substrate was analyzed by AES method as line profile
from Ti(C,N) coating to substrate area.

3. Results

The XPS investigations of the Ti(C,N) gradient coating
deposited on substrates showed that “fresh” surface of Ti(C,N)
coating included small value of silicon impurities (about 1%). The
most of atomic concentration calculated for oxygen and carbon
suggests that after PVD process surface of sample was covered by
adsorbates, mainly carbon oxides and oxygen atoms (Figure 1a).
The complex structure of Cl1s peak include at least three
components. Two components is clearly visibled at 284.8 eV and

282.1 eV. The peak with most intensity at 284.8 eV can be
assigned to “surface” carbon. The peak with lower energy at
282.1 eV is typical for carbides. The small complex peak
observed at about 288 eV corresponds to adsorbate carbon oxides.
Intensities of peaks for “surface” carbon and carbon oxides
decreased after successive sputter time. After 20 minutes of
sputtering the only one peak corresponding to carbides was
observed. Similar situation was observed for titanium. The
spectrum of Ti2p level is presented on Figure 2. It consists of two
groups of peaks Ti2ps;, and Ti2p,, due with spin-orbit coupling.
The firts pair of Ti peak with higher binding energy corresponds
to Ti atoms in TiO, [14] while next pair with lower binding
energy corresponds to Ti atoms in Ti(C,N) coating. After 4
minutes of sputtering only one pair of peaks was observed. It can
indicate that “fresh” surface of Ti(C,N) coating is covered by thin
films of titanium oxides, mainly TiO,. Combine results for Ti and
C can suggest that Ti and C atoms exist in Ti(C,N) coating as
titanium carbides.
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Fig. 1. The shapes of C1s lines obtained by XPS method for
Ti(C,N) coating; a) ,,fresh” ex situ surfaces, b) after sputttering
Ar’ ions for t=2min, c) after sputttering Ar* ions for t=4min,
d) after sputttering Ar* ions for t=20min
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The chemical composition of Ti(C,N) coating "free" from
adsorabates is presented in Table 1. The presence of oxygen in
chemical compound is very small. It may be connected with PVD
process of obtaining coating or adsorbed oxygen atoms from
residual gases of vacuum on roughness surface. The obtained ratio
of C/N = 1.3 is characteristic for Ti(C,N) coating in surface
region. The concentration of carbon atoms in the ratio to nitrogen
atoms in the transition region between Ti(C,N) coating and
substrate should be reversed. However, the XPS study was
performed only for characterisation of coating. The distribution of
atomic concentration for Ti, C, N in depend on sputter time is
presented on Figure 3. The level of impurities for oxygen is below
2 %. The distribution of particular elements in surface region of
investigation coating is stable. The binding energy determined for
N1s (at 397 eV) corresponds to TiN [15].
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Fig. 2. The shapes of Ti2p lines obtained by XPS method for
Ti(C,N) coating from: a) ,fresh” ex situ surfaces, b) after
sputttering Ar* ions for t=4min
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Fig. 3. The distribution of atomic concentration of elements in the
surface region of Ti(C,N) coating (XPS)
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Table 1.
Chemical composition of investigated coating Ti(C,N) obtained
by XPS method
Element C N 0] Ti
Atomic concentration, % 28 17 5 49

The close examination of transition region was performed by
AES method. Ex situ surface of coating Ti(C,N) was bombarded
by Ar* ions with energy 4 kV in time 90 minutes. The bottom of
formed crater is presented on the Figure 4. The profile of this
crater was determined along the line “L” from the scale of grey
colour. It is only demonstrative profile without the Y-scale. The
diameter of obtained bottom crater is about 500 um. However, the
size of sputtering crater is depended on several parameters, like
set-up of raster size and collimating beam of argon ions.

The transition region between the Ti(C,N) coating and substrate is
presented on Figure 5a with profile of created crater topography. The
dark region correspond to the top of Ti(C,N) coating, the bright region
correspond to the substrate. The area between these regions is
transition zone with profile noticeable along the profile line. The line
profile measurement of coating and substrate elements was performed
along the mark line for expand region (presented on Figure 5b).
Points presents topography of this region. The distribution of
particularly elements occurring in transition zone is presents on
Figure 5c. The intensities for all measured elements were calculated
to atomic concentration. Unfortunately the nitrogen has a differential
auger line at 389 eV within a complex groups auger peaks of
titanium. It caused the analyse of this element impossible with use of
AES method. The ratio of atomic concentration C/Ti obtained for
Ti(C,N) coating with use of XPS is equal 0.53 (Table 1). The similar
value C/Ti = 0.47 was obtained from AES spectra. This ratio was
dramatically change for cermet substrate, where received ratio was
about unity. It is clearly visible at the Figure 5c. The tungsten has the
most (about 4%) and nickel has a least (below 2%) of atomic
concentration in the substrate. The fix transition region between
coating and substrate across the sputtering crater has a dimension
about 200 um. The change of atomic concentration of gradient
coating occur rather smoothly than step.

Fig. 4. SEM picture of area with sputter crater
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Fig. 5. SEM picture of transition zone of sputter crater (a, b) and
line profile of chemical composition (c) (AES)

4. Conclusions

The X-Ray Photoelectron Spectrometry (XPS) and Auger
Electrons Spectroscopy (AES) examinations was carried out for
detailed chemical analysis of the Ti(C,N) gradient coating deposited
onto several substrates. The oxygen impurities of investigation
coating was below 2%. The “fresh” surface of Ti(C,N) coating is
covered by thin films TiO,. There was observed homogeneous
distribution of carbon, titanium and nitrogen elements in the surface

region. The ratio of C/N obtained for surface region is characteristic
for deposited coating. The transition region is also homogeneous
between coating and substrate materials.
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