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Abstract: Magnetron sputtered (Ti, Al) N monolayer and TiN/(Ti, Al) N multilayer coatings grown on cemented

carbide substrates were studied by using energy dispersive X-ray spectroscopy (EDX), scanning electron microscopy

(SEM), nanoindentation, Rockwell A indentation test, strength measurements and cutting tests. The results show

that the (Ti, Al) N monolayer and TiN/(Ti, Al) N multilayer coatings perform good affinity to substrate, and the

TiN/(Ti, Al) N multilayer coating exhibits higher hardness, higher toughness and better cutting performance com-

pared with the (Ti, Al) N monolayer coating. Moreover, the strength measurement indicates that the physical

vapour deposition (PVD) coating has no effect on the substrate strength.
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1 INTRODUCTION

(Ti, A)N coating is widely used as a coating
layer on cutting tools, because the coated cutting
tools exhibit excellent cutting performance espe-
cially under dry cutting conditions'" *. The basic
advantage of (Ti, Al) N coating is that it exhibits
good high temperature stability by forming a
dense, highly adhesive, protective Al2O3 surface
film when heated, which prevents diffusion of oxy-

gen into the coating' ™

Another advantage for
machining applications is its low thermal conduc
tivity. Considerably more heat is dissipated via
chip removal. This enables correspondingly higher
cutting speeds, since thermal loading of the sub-
strate is lower'” ®. However, the (Ti, Al)N coat-
ing generally shows poorer performance than the
TiN coating under low sliding speed or interrupted
cutting conditions due to its brittleness and high
friction coefficient.

To overcome such limitations, multilayer
coatings have been proposed and developed. In re-
cent years, considerable efforts have been devoted
to the development of multilayered structures so as
to further improve their properties'” '". The im-
provement is expected to be accomplished by alter-
nate deposition of two (or more) chemically and/ or
mechanically different materials in such a way that
the stress concentration and the conditions for
crack propagation can be controlled. Therefore the
multilayer structure may act as a crack inhibitor,
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increasing the coating fracture resistance' .

Furthermore, the numerous interfaces created be
tween individual layers of multilayer coating cause
a drastic increase in hardness and strength'”".
The properties of the surface can also be improved
by combining layers that individually have different
effects on the overall performance such as corro-
sion protection, wear protection, thermal isola-
tion, electrical conductivity, diffusion barrier and
adhesion to the substrate'® .

In the present paper, (Ti, Al) N monolayer
and TiN/(Ti, Al) N multilayer coatings are depost
ted on cemented carbide and the physical and me-
chanical properties of the two coatings are evalua-
ted and compared.

2 EXPERIMENTAL

2.1 Coating deposition
The TNMG120408 cemented carbide (WC-
6% Co)

pieces were manufactured by conventional powder

inserts and the strength experimental

metallurgy techniques. Two coatings were pre
pared, (Ti, Al) N monolayer and multilayer coat-
ing consisting of TiN and (Ti, Al) N were deposi-
ted on mirrorpolished substrates by means of mag-
netron sputtering process for a nominal thickness
of about 3 Pm. The TiN/(Ti, Al) N multilayer
coating was prepared via alternately sputtering ti
tanium target and titanium aluminium alloy target.
The molar ratios of Al against T1i of titanium alu-
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minium alloy target was 5° 5.

2.2 Measurement of coating properties

The molar ratios of Al against Ti in the
(Ti, Al)N monolayer was measured with energy
dispersive X-ray spectroscopy ( EDX) to compare
with those of targets. The fracture cross-section
histology of two coatings were observed by using
scanning electron microscopy (SEM). The micro-
hardness values were obtained by means of nanoin-
dentation and an EDX supported evaluation meth-
od. The Rockwell A indentation test( HRA) were
used to assess the toughness of the coating whose
maximum load was 588 N. Optical microscopy and
scanning electron microscopy were employed to ob-
serve the crater formed by the indentation test.
Three point transverse rupture strength ( TRS)
was employed in the strength experimental pieces.

2.3 Cutting tests

One method for evaluating the performance of
coatings is the measurement of flank wear. In the
present test, the abrasive wear resistance was com-
pared with continuous turning of stainless steel
with TNMG120408 style insert, and the cutting
conditions were a cutting speed (v.) of 220 m/s, a
depthe of cut (a,) of 0.2 mm and a feed rate (f) of
0.2 mm/r. Flank wear lands were measured using
a microscope in interval 3 min and the inserts were
deemed to fail when the wear lands exceeded 0. 5
mm.

The fatigue failure mechanisms of coatings
were investigated by the interrupted cutting of 45"
steel. Coated inserts were tested under cutting
conditions with interrupted material removal,
using a four-gutters machining center and cylindri-
cal workpieces. The cutting conditions were a rota
tion speed of 350 r/ min, a depthe of cut (a,) of
0.2 mm and a feed rate (f) of 0. 2 mm/r. End-of-
life criteria for the inserts was the nose wear excee
ding 0.75 mm. The calculated nose impact times
expressed the fatigue failure.

3 RESULTS AND DISCUSSION

3.1 Coating properties

The element content of (Ti, AI) N monolayer
coating was determined (light element nitrogen ex-
cluded) by EDX. Fig. 1 shows the EDX pattern for
monolayer coating. The approximate composition
of the (Ti, AI) N monolayer is Tio.ssAlo.asN. The
molar ratio of Al/Ti of monolayer coating is ap-
proximately equal to those of targets. Fig. 2(b)
shows that the modulation structure has been
formed in the TiN/(Ti, Al) N multilayer coating,
which is composed of alternating TiN and

(Ti, AI)N layers. The thickness of each layer is

so thin that the exact composition of (Ti, Al) N
layer is not determined by EDX.
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Fig.1 EDX pattern of (Ti, AI)N

monolayer coating
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Fig. 2 SEM micrographs of cross-section

of coatings
(a) —(Ti, Al) N monolayer coating;
(b) —TiN/(Ti, Al) N multilayer coating

Fig. 2 shows the SEM micrographs of fracture
cross-section of the (Ti, Al) N monolayer and the
TiN/(Ti, Al) N multilayered coatings. Fig. 2( a)
shows that the monolayer coating behaves dense
columnar structures. The columnar structures of
the TiN/(Ti, AI) N multilayered coatings also ex-
ist'"”! though the TiN layer periodically interrupts
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the formation of columnar in (Ti, Al) N. Both
coatings highlight a good affinity between coating
and substrate, with no flaking observed.

The hardness value measured for the monolay-
er (Ti, Al)N is 32.4 GPa, and that for the TiN/
(Ti, Al) N multilayer coating is 33. 7 GPa while
the two constituent layers on this sample have a
hardness value of 25.3 GPa and 37. 4 GPa, respec
tively, for the TiN and (Ti, Al)N. To provide an
estimation of the hardness enhancement associated
with multilayer effects the rule of mixture was ap-
plied to the TiN/(Ti, A)N'"™.

H composie= [ t(ri, apn/ tow | X H (i, apn+

[ trin/ tioa] X H tin
H is hardness and ¢ is the thickness of the
layers. The calculated hardness value is 31. 4 GPa,

where

which is 2. 3 GPa lower than the measured value.
This hardness enhancement is due to the grain size
refinement and the large number of layer interfaces
( dislocation blocking strain effects) contribution
between the TiN and (Ti, Al)N layers.

Fig. 3 shows the result of Rockwell A indenta-
tion test. A series of Rockwell A indentation tests
with normal load of 558 N were performed on each
coating and analyzed by optical microscopy and
scanning electron microscopy. Only some circular
bulge wrinkles adjacent to the indentation crater
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Fig. 3 Surface morphologies of
indentation test observed by SEM
(a) —(Ti, Al) N monolayer coating;
(b) —TiN/(Ti, Al) N multilayer coating

were observed. Little flaking was observed for
TiN/(Ti, Al)N multilayer coating, although the
severe flaking was found for the (Ti, Al) N coat-
ing. Multilayer coating improves the brittleness
between the substrate and the coating. In detail,
there are some reasons for it. Firstly, the TiN lay-
ers improve the adhesion of a coating to the sub-
strate and ensure a smooth transition from coating
properties to substrate properties at the coating
substrate boundary'®. Secondly, by depositing
several thin layers with various mechanical proper-
ties on each other, the stress concentration in the
surface region and the conditions for crack propa-
gation are changed'® . Finally, the TiN/(Ti, Al)N
multilayer coating consisting of two different Tr
derived nitrides and corresponding to the alterna-
tion of its composition displays a variation in the

[18]

elastic modulus This variation is beneficial to

improving the toughness of coating.

Table 1 shows that the strength of the PVD
coated and the uncoated of experimental pieces are
approximately equal. This is different from CVD
coating which needs higher deposition tempera-
ture. The results of the TRS tests with uncoated
and coated carbide experimental pieces reveal that
PVD coatings produce no degradation in transverse
rupture strength. At the same time this indicates
the absence of gross columnar defects, porosity,
and tensile stress in the coatings. This leads to the
conclusion that the tool life differences among the
PVD coated tools should be related to the effect of
coating on their wear behavior and also indirectly
on the deformation of the substrate.

Table 1 Transverse rupture strength of uncoated
and coated experimental pieces

M aterial TRS/MPa

Uncoated WC-6% Co 2 460 £180

(Ti, Al)N monolayer coating 2 380 230
TiN/(Ti, Al)N multilayer coating 2410 +260

3.2 Cutting tests

Fig. 4 shows the maximum flank wear as a
function of time at a cutting speed of 220 m/s in
turning stainless steel. The performance of the
TiN/(Ti, Al)N multilayer coated inserts is superi-
or to the (Ti, AI) N monolayer coated inserts. The
metal cutting performance of coated tools is a func-
tion of substrate, coating, and macro- and micro-
geometry of the cutting edge. For a given metal-
cutting test, we kept the substrate and the macro-
and micro- geometry constant. Therefore, the tool
life differences observed in the test should be relat-
ed to the differences in the properties of the coated
materials and their adhesion to the substrate, as
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well as interlayer adhesion. A good weighing
standard of the wear resistance of a coating is its
microhardness. While the high temperature micro-
hardness measurements have not been made on
these coatings. Their room temperature hardness
measured in the previous work provides a fair indi-

cator of abrasive wear resistance.
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Fig. 4 Progress of flank wear of coated inserts in
continuous steel turning

Fig. 5 shows the tools lifetime of coated in-
serts in interrupted machining of 45% steel at a
speed of 350 r/ min, which was quantified by the
average impact times of inserts nose. The failure
criterion for the inserts was a critical sized nose
wear land. It is evident that the TiN/(Ti, Al) N

multilayer  coatings  have outerformed the
(Ti, Al)N monolayer coatings by a factor of ap-
proximately 1. 4 times average impact times. The
main factor which decides coated inserts fatigue
failure was adhesive force, which was particularly

explained in the Rockwell A indentation test.

Fig. 5 Tools life of coated inserts in
interrupted machining of 45 steel

4 CONCLUSIONS

1) The (Ti, Al) N monolayer coating shows
dense columnar structures, and two coatings per
form good affinity between coating and substrate.

2) The TiN/(Ti, Al)N multilayer coating has
higher hardness than the (Ti, Al)N monolayer due
to its grain size refinement and the large number of
layer interfaces.

3) The TiN/(Ti, Al)N multilayer coating im-
proves the toughness of coating through enhancing
the adhesion of a coating to the substrate.

4) The PVD coating has no deleterious effect
on the TRS of the substrate.

5) The multilayer TiN/(Ti, Al) N coating
shows superior performance in the cutting tests.
The wear resistance and fatigue life of multiplayer
coating are better than those of the (Ti, Al) N
monolayer.
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