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Abstract

High pressure and high temperature experiments with a Hall belt apparatus of cathodic arc deposited
Ti, s3Al, ;,N and Ti, ;,Al, 2N on polycrystalline cubic BN substrate reveal a strong influence of pressure on
the decomposition rate of TiAIN. The pressure induces enhanced phase stability while keeping the interfaces
between coatings and the substrates intact. Hardness measurements of the as-deposited coatings and after
high-pressure high-temperature treatment show that the hardness after treatment of Ti, ;;Al, ;,N at 5.35 GPa,
1300 °C and after 66 min drops from 29.6 to 27.8 GPa, because after this treatment this sample contains cubic
TiN and hexagonal AIN. This drop is much smaller than if the coatings are just heat treated at 1300 °C and
suggests that an enhancement of TiAIN-coatings on cubic BN cuttings tools can be achieved by increasing
the pressure/stress during cutting. For Ti, ;,Al, ;N treated at 5.35 GPa, 1300 °C and after 66 min the hardness
drops from 36.1 to 28.6 GPa, which means that the coating has first decomposed through spinodal decomposi-
tion and one of products of this decomposition has further phase transformed and the final products are cubic
TiN and hexagonal AIN.

Keywords: cubic boron nitride, Hall belt apparatus, high-pressure high-temperature, spinodal decomposition,
TiAIN

I. Introduction ation and growth to its stable phase, hexagonal (&) AIN,
if the temperature is increased further [10].

The formation of A-AlIN results in a drastic hardness
drop. Attempts to delay the detrimental transformation
to h-AIN have proven successful in terms of alloying
TiAIN with for instance Cr [11], V [12], and Zr [13],
through a design of the coating architecture in the form
of a TiAIN/TiN or a TiAIN/CrN multilayer with lay-
ers a few nm thick [14,15], and by introducing nitro-
gen vacancies [16]. An effect of improving the thermal
stability of the protective coating of cutting tools is that
the substrate also must be able to sustain higher tem-
peratures. Cemented carbide (WC/Co) is the most com-
monly used substrate material. At temperatures above
1300 °C Co diffusion from the substrate into the film oc-
curs, which deteriorates the mechanical properties [4,6].
A hard material with better thermal stability is poly-
crystalline boron nitride (PCBN), which is a composite
consisting of c-BN and a ceramic binder that potentially
could replace WC/Co substrates for the new and more

Cubic (c) Ti, ;AL N coatings have been used as pro-
tective coatings for cutting and machining applications
since the first reports of positive effects when adding Al
to TiN in 1980 [1,2]. Addition of Al results in improved
oxidation resistance [3], thermal stability and hardness
[4,5] making Ti, ; Al N coatings beneficial for applica-
tions such as machining and turning of steel for instance
[1,2,4,6]. When the cutting inserts are coated, the main
idea is that productivity should increase. The improved
hardness is due to the age hardening phenomenon re-
sulting from isostructural spinodal decomposition of c-
TiAIN into nanometer sized TiN- and AIN-rich domains
[6,7]. Spinodal decomposition of c-TiAIN has been re-
ported to occur at elevated temperatures (800-1000 °C)
[8] but also during machining [9]. However, c-AIN is
not thermodynamically stable and transforms by nucle-
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thermally stable TiAIN-based coatings. Non-deposited
cubic boron nitride is competing with diamond and is in-
creasingly used for technical applications such as hard
turning [17,18]. Part of this study is to evaluate if any
reactions occur between PCBN and TiAIN at high pres-
sure and high temperature (HPHT) and parts are related
to how the combination of high temperature and high
pressure affects the decomposition of TiAIN. To invoke
pressure in the analysis is based on the fact that during
metal cutting the coating is exposed to external mechan-
ical loads that may exceed 2 GPa [9]. Furthermore, ex-
perimental and theoretical studies suggest that a com-
bination of high temperature and high pressure pro-
motes the favourable spinodal decomposition and sup-
presses the detrimental #-AIN formation [19-22]. These
former experimental studies were performed on TiAIN
powders at considerably higher pressures (8—14 GPa).
Here, we extend the pressure range and study the de-
composition process in TiAIN when attached to a sub-
strate such that we can report hardness. We have chosen
two alloy compositions, Ti ¢ Al 5,N and Ti, 5, Al ¢;N,
which at room temperature are located inside the spin-
odal. According to a phase diagram that includes lat-
tice vibration by Shulumba ez al. [23] the composition
Tiy 37Al, 63N is unstable up to approximately 1700°C
while Ti, ., Al ;N is stable above ~1200 °C. The work
by Alling et al. [8] suggests that the alloy composi-
tion most affected by pressure is close to Tij, ;;Al) 37N
in terms of a shift of the spinodal to higher tempera-
tures. Considering AIN, the pressure-temperature phase
diagram [21] implies that A-AIN is always more sta-
ble than c-AIN for pressures less than 8 GPa, but the
difference decreases with increasing pressure and tem-
perature. In this paper we report how the decompo-
sition of arc evaporated TiAIN coatings deposited on
PCBN-substrates and HPHT treated at different temper-
atures at 5 GPa affects hardness. The results show that
TiAIN/PCBN interface remains intact even after expo-
sure to 5.35GPa and 1300 °C and that the decomposi-
tion rate is decreased at 5.35 GPa compared to ambient
pressure for the Tij, (3 Al 5,N alloy.

II. Experimental

The used PCBN-substrates consist of c-BN ~90 vol%
and 10vol% binder material being primarily differ-
ent types of oxides. The substrates were shaped into
discs with a radius of 18 mm and a height of 3.2 mm
and mechanically polished to a mirror-like finish. Ca-
thodic arc deposition with 63 mm in diameter TiAl-
compound cathodes was conducted in an industrial scale
Sulzer/Metaplas MZR-323 deposition system in a 4.5 Pa
N, atmosphere. During deposition a negative substrate
bias of 30 V was applied, and the substrate temperature
was kept at 450 °C. In order to alter the chemical com-
position of the coatings, cathodes with different compo-
sitions, Ti, ¢,Al, 4o and Ti, 55Al, o; were used. Prior to
inserting the substrates in the chamber, they were de-
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greased in an industrial cleaning line consisting of ul-
trasonic baths with alkali and alcohol solutions. There-
after the substrates were mounted on a single rotating
fixturing drum at the same height as the centre of the
cathode. For more details regarding the geometry of the
substrate mounting see ref [9]. The substrates were sput-
ter cleaned for 20 min with Ar ions just before initiat-
ing deposition. The compositions of the coatings were
determined with an energy dispersive X-ray spectrom-
eter (EDX) attached to a Leo 1550 Gemini scanning
electron microscope (SEM). For compositional analy-
sis the SEM was operated with an acceleration voltage
of 20kV and for imaging at SkV.

The HPHT experiments were performed at Element
Six in Robertsfors in Sweden with a Hall belt appara-
tus, that generates high pressure by pushing two anvils
together using pistons and that press was originally de-
signed for synthesizing diamond [24], but can also be
used to study behaviour of materials under different
conditions [25] as in the case of this study. The Hall
belt apparatus owned by Element Six that was used in
this study is normally used to produce ¢-BN from h-
BN through a HPHT-induced phase transformation. The
mechanically generated pressure of the press is finally
transmitted through a pressure medium to a sample cap-
sule, which is resistively heated [26]. The sample in
the Hall belt apparatus is well isolated from the sur-
roundings like air in the facility, where it is situated.
The design of the used specimen capsule is schemat-
ically illustrated in Fig. 1. The separation discs were
put in place to facilitate sample recovery after high-
pressure high-temperature (HPHT) treatment. The in-
side surfaces of the capsule that was in contact with
the film during the experiments were spray coated with
an Al,05-TiO, mixture to prevent reactions with the
Nb-cup. Each high-pressure high-temperature treatment
batch contained four capsules. All high-pressure high-

Pressure medium

Metal cupping

Ceramic mechanical support

AIan/'I'lOz-coatin
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Figure 1. Illustration of the capsule that contained the
samples during HPHT experiments
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temperature treatments were conducted at a constant
pressure of 5.35 + 0.15 GPa while the temperature and
duration were varied between 1050 and 1300 °C, and
6 to 66 min, respectively. The pressure was applied at
room temperature followed by a temperature ramp-up
to half of the required power in 2 min and then an ad-
ditional 10 min to reach maximum temperature. During
cooling the power was decreased to half in 6 min and to
zero after additional 11 min.

The samples were recovered by crushing the cap-
sule followed by sand blasting. Some residues of the
Al,0,/TiO, mixture were not removed in order not to
jeopardize the coating.

Isothermal annealing was performed in a Sintevac
furnace from GCA Vacuum industries using a holding
time of 2 h. The annealing experiment was done at at-
mospheric pressure in flowing Ar in order to avoid oxi-
dation and at the temperatures 1050 and 1300 °C.

X-ray diffractometry (XRD) was performed with a
diffractometer in Bragg-Brentano geometry (6-26 scan)
using Cu-Ka radiation (PANalytical Empyrean; United
Kingdom). Cross-sectional transmission electron mi-
croscopy (TEM)-samples were prepared with a fo-
cused ion beam system (FIB) (Carl Zeiss Crossbeam
EsB; Germany) using a lift-out method suggested by
Langford and Petford-Long [27]. TEM was performed
with an accelerating voltage of 200kV which was
equipped with a high angle annular dark field detector
for STEM, an (EDX) detector and an electron energy
loss spectrometer (EELS) (FEI Tecnai G 20 UT mi-
croscope, United States of America). A nanoindenter
equipped with a contact area calibrated Berkovich di-
amond tip was used for hardness measurements (UMIS
Nanoindentor; Germany). The values reported here are
the average hardness extracted from 40 indents us-
ing the method by Oliver and Pharr [28]. The maxi-
mum load used was 45 mN, which yielded penetration
depths always less than 250nm while the thicknesses
of Tij, ¢, Al 37N coating is 4 um and of the Ti, 5,Al ;N
coating it is 2.5 wm. In some cases it was not possible to
obtain reliable data due to the remaining residues of the
encapsulation or fragmentation during sample recovery
after HPHT treatment.

II1I. Results and discussion

The compositions of the as-deposited films as deter-
mined by EDX are Ti,¢;Al 5;N and Ti, 5;Al, (;N, re-
spectively. A slight decrease in the Al/Ti ratio compared
to the cathode composition is to be expected for coat-
ings grown by arc deposition due to the preferential re-
sputtering of Al [29].

Figures 2(a-c) show cross-sectional bright field (BF)
transmission electron micrographs together with SAED
patterns of Tij,,,Alj;,N for the as-deposited sample
(Fig. 2a), the HPHT treated samples at 5.35 GPa and
1050°C for 6 min (Fig. 2b) and 1300°C for 66 min
(Fig. 2c), respectively. The as-deposited sample dis-
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plays a columnar microstructure with columns grow-
ing coarser away from the substrate, consistent with of-
ten observed growth mode with a nucleation zone next
to the substrate and then competitive growth between
grains of different crystallographic orientations [30,31].
The SAED pattern shows a cubic crystal structure with-
out any traces of a hexagonal phase. The HPHT treated
sample at 5.35 GPa and 1050 °C for 6 min also displays
a columnar microstructure and a cubic structure, i.e.
SAED shows no traces of a hexagonal phase in the coat-
ing. The column boundaries are more distinct, which is
caused by vacancies and interstices being annihilated in
accordance with what has been observed previously for
heat-treated arc deposited coatings [6]. The sample ex-
posed to a HPHT at 1300 °C for 66 min displays an al-
tered microstructure with large grains next to the film
surface while the grain next to the substrate remains
fine. In this sample a phase transformation is evident
in the coating since the SAED pattern shows the pres-
ence of both cubic and hexagonal phases i.e. ¢c-TiN and
h-AIN. Even though diffusion is apparent in the coat-
ing during HPHT treatment, the substrate/coating inter-
face remains intact even at the most severe HPHT con-
dition, i.e. no new phases have formed next to the in-
terface. Additional elemental analysis based on EELS
in the vicinity of the interface between the PCBN sub-
strate and the Ti, ;Al) ;N coating shows no diffusion
of B or Ti across the interface.

Figure 3a shows a BF micrograph of the as-deposited
Ti, 3;Al, ;N sample. It has a finer columnar structure
with smaller grains compared to the Ti, Al ;;N sam-
ple. The grains are also here coarser further away from
the substrate, but with a smaller variation in grain size.
The SAED pattern confirms that the structure of the film
is cubic. The HPHT treated samples with 1050 °C for
6 min (Fig. 3b) have more distinct grains. In contrast to
Tig, ¢3Alj 57N it also contains A-AIN.

Figure 2d is a higher magnification STEM micro-
graph of the Ti,, .,Alj ;N coating after HPHT treatment
at 1050 °C for 6 min together with an inserted elemental
map based on EDX. The elemental map reveals segre-
gation of Ti (green) and Al (red) compared to the as-
deposited sample (not shown here), where the elements
are homogeneously distributed. Figure 2e is a high res-
olution TEM (HRTEM) image of the same area with
the electron beam along the [001] zone axis, showing
a cubic lattice. Figure 2f shows a STEM micrograph
of the 1300°C 66 min treated Ti| c; Al ;;N sample to-
gether with an element map inset. The mass contrast in
the micrograph reveals domains consisting of the heav-
ier (Ti) element (darker areas) and the lighter (Al) el-
ement (brighter areas) consistent with the inserted el-
emental map. Based on the SAED pattern in Fig. 2c
the Al-rich areas are dominated by A-AIN and com-
pared to the 1050 °C for 6 min HPHT treated sample, the
domains have grown significantly larger. The top layer
is Pt from the processing with FIB. In addition to the
Pt-layer and the TiAIN-coating two layers with TiO,
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Figure 2. Cross-sectional bright field transmission electron micrographs of Ti, (;Al, ;;N a) for as-deposited state, b) after
HPHT treatment, 5.35 GPa and 1050 °C for 6 min, c) after HPHT treatment, 5.35 GPa and 1300 °C for 66 min, d) scanning
transmission electron micrographs of Ti, .;Al ;;N after HPHT treatment, 5.35 GPa and 1050 °C for 6 min, e) high resolution
transmission electron micrograph of Ti, ;;Al, ;;N at 5.35 GPa and 1050 °C for 6 min, f) scanning transmission electron
micrograph of Ti, ¢;Al, 3;N at 5.35 GPa and 1300 °C for 66 min

and of Al,O; on top of the coating can be seen. Fig-
ure 3c shows the corresponding elemental map for the
Ti, 37Al, 63N sample after HPHT treatment at 1050 °C
for 6 min and also here a segregation between Ti (green)
and Al (red) is evident. The HRTEM micrograph in Fig.
3d with the beam along the [011] zone axis is from an
Al-rich area, revealing that it has a hexagonal structure.

Figure 4a shows X-ray diffractograms of the
Ti, ¢3Al, 5,N coating after different HPHT treatments.
The as-deposited coating has a cubic NaCl structure
with a lattice parameter of approximately 4.19 A. The
¢-Tij ¢3Al, 5,N 200 peak and the substrate c-BN 111
peak overlap. The peaks from AIB, and AlB , (labeled
“s”) and h-AIN all originate from the binder material
in the PCBN substrate, since no 4-AIN was detected in
the coating by SAED-TEM. HPHT treatment at a tem-
perature of 1050 °C for 6 min results in a shift of the
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c-TiAIN peaks towards higher angles corresponding to
a new lattice parameter of approximately 4.18 A accom-
panied with a marginal increase of the full width at half
maximum (FWHM).

The diffractogram after HPHT treatment at 1050 °C
for 66 min (Fig. 4a) shows more narrow peaks close
to the positions for pure c-TiN. At this stage TiN and
AIN have segregated and the NaCl-structured phase
is now TiN-rich, labeled as c-Ti(AI)N. No c-AIN is
detected and instead a shoulder has evolved on the
h-AIN 100 peak. It suggests formation of small do-
mains of 4-AIN in the coating with a slightly differ-
ent lattice parameter compared to the A-AlIN in the sub-
strate. The difference in lattice parameter stems from
semicoherent interfaces between c-TiAIN and A-AIN
[21]. At the higher temperature, 1300 °C, and longer
times this shoulder has disappeared in line with a strain
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Figure 3. Cross-sectional bright field transmission electron micrographs of Ti, ;;Al, (;N: a) for as-deposited state, b) after
HPHT treatment, 5.35 GPa and 1050 °C for 6 min, c¢) scanning transmission electron micrographs of Ti ;;Al, ¢;N after HPHT
treatment, 5.35 GPa and 1050 °C for 6 min, d) high resolution transmission electron micrograph of Ti, ;,Al, ¢;N at 5.35 GPa

and 1050 °C for 6 min
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Figure 4. X-ray diffractograms of as-deposited state and after different HPHT treatments of: a) Ti, (Al ;,N and
b) Tiy 37;Al 3N

relaxed h-AIN. The diffractograms of the HPHT treated
samples are considerably different from the ones ob-
tained from heat-treated samples at 1050 °C and ambi-
ent pressure. After heat treatment for 6 min a consider-
able broadening of the 200 peak has occurred. Due to
the overlap with a strong substrate c-BN peak the entire
peak cannot be resolved. However, broadening is of the
same magnitude as the one of the HPHT-sample after
66 min suggesting a more rapid process and perhaps a
different decomposition path-way at ambient pressure.
When Ti;, 3Alj ;;N is heat-treated at ambient pressure
for 66 min the TiN 200 peak is apparent. The presence
of semicoherent s-AIN has been observed for the sam-

ples heat-treated at ambient pressure, which is in con-
trast to the HPHT treated samples. In fact, the segrega-
tion behaviour of specimen annealed at ambient pres-
sure display behaviour more consistent with nucleation
and growth while HPHT treatment results in spinodal
decomposition.

In addition, slight oxidation has occurred with for-
mation of Al,O,, which is the same oxide previously
reported to form during high temperature treatment of
TiAIN at ambient pressure [3].

The other alloy composition, Ti, 5;Al) 3N, is located
well inside the miscibility gap for all temperatures con-
sidered here. For Ti 5,Al, ;N it is well established that
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Table 1. Measured hardness of as-deposited state and after HPHT treatment under different conditions (*** means that it was
not possible to measure the hardness, because the Nb-cup was not possible to remove after the tests)

Sample

Hardness [GPa]

Ti0.63A]0.37N Ti0.37A]0.63N

As-deposited
5.35GPa, 1050 °C, 6 min
5.35GPa, 1050 °C, 66 min
5.35GPa, 1300 °C, 6 min
5.35GPa, 1300 °C, 66 min

296+ 1.3 36.1+ 1.7
323+14 323+1.7
31.7+1.2 HAE
293+1.3 HAEE
27.8+1.0 286+ 1.2

spinodal decomposition occurs when it is heat-treated at
ambient pressures [7]. This process primarily occurs at
lower temperatures than 1050 °C and already after 6 min
about 40% of the c-AIN has transformed to #-AIN [10].
Hence, X-ray diffractograms of this alloy composition
heat treated at ambient pressure are not presented. In-
stead, Fig. 4b only shows HPHT treated samples. The
samples exposed to the highest temperature 1300 °C
show traces of the protective spray coating (marked “c”)
corresponding to Al,O, and TiO, and the high tempera-
ture phase Al,TiO4 [32]. Due to the difference in chem-
ical composition the ¢-Ti, ;;Al, ;N 111 peak is over-
lapping with the #-AIN substrate peak causing an asym-
metric peak around 38° in the as-deposited coating. It
has been experimentally shown that the unstrained lat-
tice parameter for this composition should be 4.14 A
[33] which results in an overlap of the 200 peak with an
intense c-BN peak at 26 ~ 43.7°. After HPHT treatment
for 6 min at 1050 °C this peak broadens. For samples
exposed to a HPHT treatment at 1050 °C for 66 min and
1300 °C the presence of ¢-TiN is even more apparent. In
these cases it is not possible to distinguish the expected
h-AlN in the film from the A-AIN in the substrate sug-
gesting an incoherent #-AIN similar to what has been
seen for heat treatment at ambient pressures.

Table 1 shows the measured hardness of the studied
samples. After HPHT treatment at 1050 °C for 6 min of
the Tij¢c,Alj 47N coating, there is an increase in hard-
ness from 30 GPa for the as-deposited case to 32 GPa.
Increased hardness after annealing has been reported be-
fore [34]. The reason is the formation of coherent cubic
domains with different elastic properties due to spin-
odal decomposition, c.f. Fig. 2e. More extended HPHT
treatments of the same film for longer times or higher
temperatures result in hardness decrease. In all these
cases h-AIN has formed. Here, it can be noted that the
main reason for the drop of hardness is due to the fact
that 4-AIN has formed. Other factors that can affect
the hardness in general are for instance composition,
growth conditions and microstructure [35]. In the cases
of the two studied compositions and where 4-AIN has
formed, the morphology of the coatings after the tests
has changed as well.

The STEM image in Fig. 2d and its elemental map
show that there has been a decomposition of the original
Ti, ¢;Al, 5;N coating after HPHT treatment at 1050 °C
for 6 min. Figure 2e suggests that the domains are coher-
ent, which is expected in cases of isostructural spinodal

decomposition [6,21,36]. In the case of the coating at
ambient pressure the microstructure is fully segregated
with incoherent #-AlIN, i.e. a more advanced stage of
decomposition. The decomposition of TiAIN is diffu-
sion controlled [30]. Given that both ambient and high-
pressure treatments result in the same decomposition
path-way the metal diffusion at 5 GPa must be consid-
erably slower than at ambient pressure. The diffusivities
of Ti and Al in TiAIN as a function of pressure are un-
known, but it is known that for solids higher pressure
implies denser molecule packing, which in turn means
smaller free-path length and hence slower diffusion.
On the other hand and from a thermodynamic point
of view, the driving force for decomposition should in-
crease with increasing pressure since the spinodal shifts
to higher temperatures when the pressure is increased
[8]. A different scenario is that the decomposition path-
ways differ between anneals at ambient and high pres-
sures resulting in different decomposition rates. The al-
ternative decomposition route is precipitation of A-AIN
through nucleation and growth directly from c-TiAIN.
This mechanism would require that the two anneals oc-
cur on opposite sides of the spinodal. Calculations by
Shulumba ef al. [23] suggest that this is possible for
the alloy with low Al-content but not for the one with
high Al-content. The hardness of the as-deposited sam-
ples is in agreement with what has been reported pre-
viously for arc deposited TiAIN of similar composi-
tions [4]. The expected age hardening after isothermal
annealing is not observed for Tij ,;Al, (sN due to over
ageing at the conditions studied here, i.e. formation of
h-AIN. However, a significant hardness increase is seen
for Tij c3Al, 5,N at 1050 °C after 6 min conforming to
the well-established fact that formation of microstruc-
ture consisting of nanometre sized ¢-TiN and c-AIN
coherent domains results in an increased hardness [4—
6,20,34]. Perhaps an even higher hardness can be ob-
tained if the anneal is extended longer than 6 min but
less than 66 min.

Furthermore, it has been reported that for the same
TiAIN-PCBN coating-substrate systems the adhesion
was lower compared to using a more commonly used
cemented carbide substrate when tested in their as-
deposited states [37]. Here, we observe by visual in-
spection and from TEM images that the TiAIN coating
remains adhered to PCBN even after a HPHT treatment
at 5.35 GPa and 1300 °C. This is of technological inter-
est since PCBN is used as a cutting tool for machining
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of alloys containing iron. It is known that the presence
of Fe may cause BN to oxidize and form B,O,, which in
turn leads to chemical degradation [38]. The result that
TiAIN does not react with PCBN during HPHT treat-
ment, its oxidation resistance gained by the formation of
Al,O; [3], and the improved mechanical properties due
to spinodal decomposition indicate that the TiAIN coat-
ing delays the time before the PCBN gets in contact with
the work piece material. This means that even though
the coating is softer than the substrate we expect it to de-
lay the degradation during machining, which have been
verified by the fact that the efficient tool life of PCBN
tools coated with TiAIN and other coatings has signif-
icantly increased compared to non-coated PCBN tools
[39]. The degradation in the context of this article is
expected to be slower due to the fact that no chemical
interaction between coating and substrate has occurred,
which is an interesting result for other similar studies.

IV. Conclusions

We have used a Hall belt apparatus to perform simul-
taneous high pressure high temperature (HPHT) stud-
ies of Tij c3 Al 5;N and Ti, 5, Al (N deposited on poly-
crystalline boron nitride (PCBN) at different conditions,
which were compared to as-deposited and annealed
samples. It has been shown ex situ that the decompo-
sition of TiAIN is slower at high pressure compared
to ambient pressure. In addition, no chemical interac-
tions between TiAIN and PCBN were observed (XRD
and EELS map) up to 5.35 GPa and 1300 °C. TiAIN has
the potential to protect a PCBN substrate during metal
machining due to the high chemical integrity. Hard-
ness measurements of the two coatings as-deposited
and ex situ measured after high-pressure high temper-
ature treatment show that the hardness after treatment
of Tij ¢3Al 5;N and Ti 5,Al, (,N at 5.35 GPa, 1300 °C
and after 66 min drops from 29.6 and 36.1 GPa to 27.8
and 28.6 GPa, respectively. The samples after this treat-
ment contain ¢-TiN and /-AIN instead of the original
solid TiAIN solutions.
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