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coating layer comprises at least one a-type aluminum oxide
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more to 8.4 or less, and a texture coefficient TC (1,0,16) of
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COATED CUTTING TOOL

TECHNICAL FIELD

The present invention relates to a coated cutting tool.

BACKGROUND ART

It is well known that a conventional coated cutting tool
used for the cutting of, for example, steel or cast iron, is a
coated cutting tool which is obtained by depositing, via
chemical vapor deposition, a coating layer with a total
thickness of from 3 um or more to 20 um or less on a surface
of a substrate consisting of a cemented carbide. An example
of the coating layer is a coating layer consisting of a single
layer of one kind selected from the group consisting of a Ti
carbide, a Ti nitride, a Ti carbonitride, a Ti carboxide, a Ti
oxycarbonitride and aluminum oxide, or consisting of mul-
tiple layers of two or more kinds selected therefrom.

Patent Document 1 discloses a cutting insert comprising,
on a surface of a substrate, hard coating layers, wherein: at
least one of the hard coating layers is an a-Al,O; layer; in
the a-Al,Oj layer, a texture coeflicient TC (0012) thereof is
5 or more; the residual stress of the a-Al,O; layer is from 0
MPa or higher to 300 MPa or lower; and the residual stress
of the substrate is from -2,000 MPa or higher to -400 MPa
or lower.

CITATION LIST
Patent Documents
Patent Document 1: JP2014-530112 T
SUMMARY
Technical Problem

An increase in speed, feed and depth of cut has become
more conspicuous in cutting in recent times. As a result,
cracking generated from a tool surface due to a load applied
onto an edge during machining may reach toward a sub-
strate, or cracking generated from a substrate due to a rapid
increase/decrease in edge temperature may reach into a
coating layer. These points often result in tool fracturing.

Based on such background, the tool disclosed in Patent
Document 1 above has excellent wear resistance but has
insufficient fracture resistance under cutting conditions
which place a large load on a coated cutting tool, and the life
thereof is therefore required to be further improved.

The present invention has been made in order to solve this
problem, and an object of the present invention is to provide
a coated cutting tool which has excellent wear resistance and
fracture resistance and which accordingly has a long tool
life.

Solution to Problem

The present inventors have conducted studies regarding
extending the tool life of a coated cutting tool from the
above-described perspective and have then found that the
following configurations, including optimizing the crystal
orientation of an a-type aluminum oxide layer, allow the
fracture resistance to be improved, and found that, as a
result, the tool life of the coated cutting tool can be extended,
and this has led to the completion of the present invention.
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Namely, the gist of the present invention is as set forth
below:

[1] A coated cutting tool comprising a substrate and a
coating layer formed on a surface of the substrate, wherein:

the coating layer comprises at least one a-type aluminum
oxide layer; and

in the a-type aluminum oxide layer, a texture coeflicient
TC (0,0,12) of a (0,0,12) plane represented by formula (1)
below is from 4.0 or more to 8.4 or less, and a texture
coeflicient TC (1,0,16) of a (1,0,16) plane represented by
formula (2) below is from 0.4 or more to 3.0 or less.

CH0,0,12) (1 Tk Dyt ¢y
760,0.12) = -5 12){5 TG, &, 1)}

L IL,0,16) (1 Tk Dyt @
e, 0,16) = - 16){5 TG, &, 1)}

(In formulae (1) and (2), I (h,k,]) denotes a peak intensity for
an (h,k,1) plane in X-ray diffraction of the a.-type aluminum
oxide layer, I, (h,k,1) denotes a standard diffraction intensity
for an (h,k,1) plane which is indicated on JCPDS Card No.
10-0173 for a-type aluminum oxide, and (h,k,1) refers to the
nine crystal planes of (0,1,2), (1,0,4), (1,1,0), (1,1,3), (1,1,6),
2.1.4). (3.0,0). (0.0,12) and (1.0,16).)

[2] The coated cutting tool according to [1], wherein, in
the a-type aluminum oxide layer, the texture coefficient TC
(0,0,12) is from 5.0 or more to 8.2 or less.

[3] The coated cutting tool according to [1] or [2],
wherein, in the a-type aluminum oxide layer, the texture
coefficient TC (1,0,16) is from 0.7 or more to 2.5 or less.

[4] The coated cutting tool according to any of [1] to [3],
wherein a residual stress value in a (1,1,6) plane of the
a-type aluminum oxide layer is, in at least part thereof, from
-300 MPa or higher to 300 MPa or lower.

[5] The coated cutting tool according to any of [1] to [4],
wherein an average particle size of the a-type aluminum
oxide layer is from 0.1 pm or more to 3.0 um or less.

[6] The coated cutting tool according to any of [1] to [5],
wherein an average thickness of the a-type aluminum oxide
layer is from 1.0 um or more to 15.0 pm or less.

[7] The coated cutting tool according to any of [1] to [6],
wherein the coating layer comprises, between the substrate
and the a-type aluminum oxide layer, a Ti compound layer
containing a Ti compound of Ti and an element of at least
one kind selected from the group consisting of C, N, O and
B.

[8] The coated cutting tool according to [7], wherein the
Ti compound layer comprises at least one TiCN layer, and an
average thickness of the TiCN layer is from 2.0 um or more
to 20.0 pm or less.

[9] The coated cutting tool according to any of [1] to [8],
wherein an average thickness of the coating layer is from 3.0
pm or more to 30.0 um or less.

[10] The coated cutting tool according to any of [1] to [9],
wherein the substrate is a cemented carbide, cermet, ceramic
or a cubic boron nitride sintered body.

Advantageous Effects of Invention
The present invention can achieve improved wear resis-
tance and fracture resistance and can accordingly provide a

coated cutting tool which has a long tool life.

DESCRIPTION OF EMBODIMENTS

An embodiment for carrying out the present invention
(hereinafter simply referred to as the “present embodiment™)
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will hereinafter be described in detail. However, the present
invention is not limited to the present embodiment below.
Various modifications may be made to the present invention
without departing from the gist of the invention.

The coated cutting tool according to the present embodi-
ment is a coated cutting tool comprising a substrate and a
coating layer formed on a surface of the substrate, wherein:
the coating layer comprises at least one a-type aluminum
oxide layer; and, in the a-type aluminum oxide layer, a
texture coefficient TC (0,0,12) of a (0,0,12) plane repre-
sented by formula (1) below is from 4.0 or more to 8.4 or
less, and a texture coefficient TC (1,0,16) of a (1,0,16) plane
represented by formula (2) below is from 0.4 or more to 3.0
or less.

C10,0,12) 1 Ik Dy M

7O, 0,12) = 7755 12){6 T l)}
1(1,0,16) (11— Ith k, )" @

7, 0,16) = 735 16){5 TG, &, l)}

Herein, in formulae (1) and (2), I (h,k,]) denotes a peak
intensity for an (h,k,1) plane of the a-type aluminum oxide
layer, 1, (h,k,1) denotes a standard diffraction intensity for an
(h,k,]) plane which is indicated on JCPDS Card No. 10-0173
for a-type aluminum oxide, and (h,k,1) refers to the nine
crystal planes of (0,1,2), (1,0,4), (1,1,0), (1,1,3), (1,1,6),
(2,1,4), (3,0,0), (0,0,12) and (1,0,16).

The coated cutting tool of the present embodiment com-
prises the above-described configurations, and this allows
the wear resistance and fracture resistance of the coated
cutting tool to be improved; as a result, the tool life thereof
can be extended. The factors for the improvements in wear
resistance and fracture resistance of the coated cutting tool
of the present embodiment can be considered to be set forth
as follows; however, such factors are not limited to those set
forth below. That is, firstly, in the a-type aluminum oxide
layer of the present embodiment, the texture coeflicient TC
(0,0,12) of the (0,0,12) plane represented by formula (1)
above is from 4.0 or more to 8.4 or less, and this indicates
a high ratio of a peak intensity I (0,0,12) for a (0,0,12) plane,
thereby leading to preferential orientation of a (0,0,12)
plane. This allows for the suppression of crater wear, thereby
resulting in improved wear resistance. Meanwhile, in the
a-type aluminum oxide layer of the present embodiment, the
texture coefficient TC (1,0,16) of the (1,0,16) plane repre-
sented by formula (2) above is from 0.4 or more to 3.0 or
less, and this indicates a high ratio of a peak intensity I
(1,0,16) for a (1,0,16) plane, thereby leading to preferential
orientation of a (1,0,16) plane. This allows for the suppres-
sion of the generation of cracking, in particular, the sup-
pression of the generation of cracking under cutting condi-
tions which involve a high temperature, thereby resulting in
improved fracture resistance. Accordingly, the coated cut-
ting tool of the present embodiment comprises the above-
described configurations, and this allows the wear resistance
and fracture resistance of the coated cutting tool to be
improved.

A coated cutting tool according to the present embodi-
ment comprises a substrate and a coating layer provided on
the substrate. Specific examples of types of the coated
cutting tool include an indexable cutting insert for milling or
turning, a drill and an end mill.

The substrate in the present embodiment is not particu-
larly limited, as long as it may be used as a substrate for a
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coated cutting tool. Examples of the substrate include a
cemented carbide, cermet, ceramic, a cubic boron nitride
sintered body, a diamond sintered body and high-speed steel.
From among the above examples, the substrate is preferably
comprised of a cemented carbide, cermet, ceramic or a cubic
boron nitride sintered body as this provides further excellent
wear resistance and fracture resistance, and the substrate is
further preferably comprised of a cemented carbide.

It should be noted that the surface of the substrate may be
modified. For instance, when the substrate is comprised of a
cemented carbide, a fP-free layer may be formed on the
surface thereof, and when the substrate is comprised of
cermet, a hardened layer may be formed on the surface
thereof. The operation and effects of the present invention
are still provided even if the substrate surface has been
modified in this way.

The average thickness of the coating layer in the present
embodiment is preferably from 3.0 pm or more to 30.0 um
or less. If the average thickness of the coating layer is 3.0 um
or more, this indicates the tendency of the wear resistance to
be further improved, and if the average thickness thereof is
30.0 um or less, this indicates the tendency of the adhesion
of the coating layer with the substrate and the fracture
resistance to be further increased. From the same perspec-
tive, the average thickness of the coating layer is more
preferably from 3.0 pm or more to 20.0 um or less, and is
further preferably from 5.0 pum or more to 20.0 um or less.
It should be noted that the average thickness of each layer in
the coated cutting tool of the present embodiment can be
obtained by: measuring the thickness of each layer and the
thickness of the entire coating layer from each of the
cross-sectional surfaces at three or more locations; and
calculating the average value of the resulting measurements.

The coating layer in the present embodiment includes at
least one a-type aluminum oxide layer. In the a-type alu-
minum oxide layer, a texture coefficient TC (0,0,12) of a
(0,0,12) plane represented by formula (1) above is from 4.0
or more to 8.4 or less. If the texture coefficient TC (0,0,12)
is increased, the ratio of a peak intensity 1 (0,0,12) for the
(0,0,12) plane is high, thereby resulting in improved wear
resistance as this leads to the suppression of crater wear.
From the same perspective, the texture coefficient TC (0,0,
12) in the a-type aluminum oxide layer is preferably from
5.0 or more to 8.2 or less, and is more preferably from 5.5
or more to 8.1 or less.

In the a-type aluminum oxide layer, a texture coeflicient
TC (1,0,16) of a (1,0,16) plane represented by formula (2)
above is from 0.4 or more to 3.0 or less. If the texture
coefficient TC (1,0,16) is increased, this leads to excellent
fracture resistance. From the same perspective, the texture
coeflicient TC (1,0,16) in the a-type aluminum oxide layer
is preferably from 0.5 or more to 2.5 or less, and is more
preferably from 0.7 or more to 2.5 or less.

The peak intensity of each crystal plane of the a-type
aluminum oxide layer can be measured using a commer-
cially available X-ray diffractometer. For instance, when
performing an X-ray diffraction measurement, with an X-ray
diffractometer “RINT TTR III” manufactured by Rigaku
Corporation, by means of a 26/60 focusing optical system
with Cu-Ka radiation under the following conditions: an
output: 50 kV, 250 mA; an incident-side solar slit: 5°; a
divergence longitudinal slit: 2/3°; a divergence longitudinal
limit slit: 5 mm; a scattering slit: 2/3°; a light-receiving side
solar slit: 5°; a light-receiving slit: 0.3 mm; a BENT mono-
chromater; a light-receiving monochrome slit: 0.8 mm; a
sampling width: 0.01°; a scan speed: 4°/min; and a 20
measurement range: 20°-155°. As a result, the peak inten-
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sities of the plane indices can be measured. When obtaining
the peak intensity of each plane index from an X-ray
diffraction pattern, analysis software included with the
X-ray diffractometer may be used. With such analysis soft-
ware, background processing and Ka2 peak removal are
conducted using cubic spline, and profile fitting is conducted
using Pearson-VII function, whereby each peak intensity
can be obtained. It should be noted that, when each type of
coating layer is formed so as to be closer to the substrate than
the a-type aluminum oxide layer, each peak intensity can be
measured by a thin-film X-ray diffraction method in order to
avoid the influence of such type of coating layer. Further,
when each type of coating layer is formed so as to be further
outward than the a-type aluminum oxide layer, such type of
coating layer may be removed via buffing, and then an X-ray
diffraction measurement may be performed.

The average thickness of the a-type aluminum oxide layer
in the present embodiment is preferably from 1.0 pm or
more to 15.0 um or less. If the average thickness of the
a-type aluminum oxide layer is 1.0 um or more, this
indicates the tendency of the crater wear resistance in the
rake surface of the coated cutting tool to be further
improved. Meanwhile, if the average thickness of the a-type
aluminum oxide layer is 15.0 um or less, this indicates the
tendency of the fracture resistance to be further improved as
peeling is further suppressed. From the same perspective,
the average thickness of the a-type aluminum oxide layer is
more preferably from 3.0 pum or more to 12.0 um or less.

In the present embodiment, the residual stress value in a
(1,1,6) plane of the a-type aluminum oxide layer is prefer-
ably, at least in part thereof, from =300 MPa or higher to 300
MPa or lower. If the residual stress value is -300 MPa or
higher, this indicates the tendency of the wear resistance of
the coated cutting tool to be improved because the progress
of wear—which starts from the time when particles fall off
from the a-type aluminum oxide layer—can be further
suppressed. Further, if the residual stress value is 300 MPa
or lower, this indicates the tendency of the fracture resis-
tance of the coated cutting tool to be further improved
because the occurrence of cracking in the a-type aluminum
oxide layer can be further suppressed. From the same
perspective, the residual stress value in the (1,1,6) plane of
the a-type aluminum oxide layer is more preferably from
-300 MPa or higher to 100 MPa or lower.

Herein, the term “at least in part thereof” indicates that it
is not necessary to satisfy, in the entire a-type aluminum
oxide layer, the above residual stress value range in the
(1,1,6) plane of the a-type aluminum oxide layer, and such
term also indicates that it is only required to satisfy the
above residual stress value range in the (1,1,6) plane of the
a-type aluminum oxide layer in a specific area such as a rake
surface.

The residual stress value of the a-type aluminum oxide
layer can be measured by a sin’p method using an X-ray
stress measuring apparatus. For instance, the residual
stresses at any three points included in the coating layer are
measured via the sin®p method, and the average value of the
residual stresses at such three points is then obtained. Any
three points, serving as measurement locations, in the coat-
ing layer are, for example, selected in such a way as to be
0.1 mm or more apart from one another.

In order to measure the residual stress value in the (1,1,6)
plane of the a-type aluminum oxide layer, the (1,1,6) plane
of the a-type aluminum oxide layer which serves as a
measurement subject is selected. More specifically, a sample
in which an a-type aluminum oxide layer is formed is
subjected to analysis with an X-ray diffractometer. Then, an
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examination is conducted regarding variations in the dif-
fraction angle of the (1,1,6) plane when a change is made to
an angle ¢ formed by a sample plane normal and a lattice
plane normal.

In the coated cutting tool of the present embodiment, if
the average particle size of the a-type aluminum oxide layer
is 0.1 um or more, this shows the tendency of the fracture
resistance to be further improved. Meanwhile, if the average
particle size of the a-type aluminum oxide layer is 3.0 pm
or less, this shows the tendency of the wear resistance in the
flank to be further improved. Thus, the average particle size
of the a-type aluminum oxide layer is preferably from 0.1
pum or more to 3.0 um or less. In particular, from the same
perspective as that set forth above, the average particle size
of'the a-type aluminum oxide layer is more preferably from
0.3 um or more to 1.5 um or less.

The average particle size of the a-type aluminum oxide
layer can be obtained by observing a cross-sectional struc-
ture of the a-type aluminum oxide layer using a commer-
cially available electron backscatter diffraction pattern appa-
ratus (EBSD) attached to a field emission scanning electron
microscope (FE-SEM) or to a transmission electron micro-
scope (TEM). A specific related example is shown below.
Mirror polishing is performed on a cross-sectional surface in
a direction parallel or substantially parallel to the substrate
surface in the coated cutting tool, and the resulting mirror-
polished surface is regarded as a cross-sectional structure.
Examples of a method of mirror-polishing an a-type alu-
minum oxide layer include: a polishing method with the use
of diamond paste or colloidal silica; and ion milling. A
cross-sectional structure of an a-type aluminum oxide layer
is set on an FE-SEM, and the sample is irradiated with an
electron beam under the conditions of an angle of incidence
of 70 degrees, an acceleration voltage of 15 kV, and an
irradiation current of 0.5 nA. Measurement is performed
under the EBSD settings of a measurement range of 30
umx50 um and a step size of 0.1 um. A particle is defined as
an area surrounded by a structure boundary with a misori-
entation of 5 degrees or more. The diameter of a circle
whose area is equal to the area of a particle is regarded as a
particle size of such particle. Image analysis software may
be used when obtaining a particle size of the cross-sectional
structure of the a-type aluminum oxide layer. The particle
sizes in the a-type aluminum oxide layer are measured with
regard to a range of 30 umx50 um, and the average value
(arithmetic mean) of all the obtained particle sizes is
regarded as an average particle size.

The coating layer of the present embodiment preferably
comprises, between the substrate and the a-type aluminum
oxide layer, a Ti compound layer containing a Ti compound
of Ti and an element of at least one kind selected from the
group consisting of C, N, O and B, as this leads to further
improved wear resistance and adhesion. The Ti compound
layer, from the same perspective, preferably contains a Ti
compound of Ti and an element of at least one kind selected
from the group consisting of C, N and O.

The Ti compound layer of the present embodiment pref-
erably comprises at least one TiCN layer because this leads
to further improved wear resistance.

The average thickness of the TiCN layer is preferably
from 2.0 pm or more to 20.0 um or less. If the average
thickness of the TiCN layer is 2.0 um or more, this indicates
the tendency of the wear resistance to be further improved,
and, if such average thickness is 20.0 um or less, this
indicates the tendency of the fracture resistance to be further
improved as peeling is further suppressed. From the same
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perspective, the average thickness of the TiCN layer is more
preferably from 5.0 um or more to 15.0 pm or less.

The TiCN layer is a layer comprised of TiCN. However,
such layer may contain a very small amount of components
other than TiCN, as long as it has the above-described
configuration and provides the operation and effects of the
TiCN layer.

The Ti compound layer of the present embodiment pref-
erably comprises a lowermost layer, being comprised of
TiN, between the substrate and the TiCN layer as this leads
to improved adhesion. The average thickness of the lower-
most layer is preferably from 0.1 um or more to 0.5 um or
less. If the average thickness of the lowermost layer is 0.1
um or more, the lowermost layer has a more uniform
structure, thereby leading to the tendency of the adhesion to
be further improved. Meanwhile, if the average thickness of
the lowermost layer is 0.5 um or less, this further prevents
the lowermost layer from serving as a starting point for
peeling, thereby leading to the tendency of the fracture
resistance to be further increased.

The coating layer of the present embodiment preferably
comprises an outermost layer, being comprised of TiN, on
the opposite side to the substrate as this makes it possible to
confirm the usage state of the coated cutting tool, thereby
leading to excellent visibility. The average thickness of the
outermost layer is preferably from 0.2 pm or more to 1.0 um
or less. This is preferable in that: if the average thickness of
the outermost layer is 0.2 pm or more, this provides the
effect of further suppressing the falling of particles from the
a-type aluminum oxide layer; and, if such average thickness
is 1.0 um or less, this leads to further improved fracture
resistance.

The outermost layer and the lowermost layer are each a
layer comprised of TiN. However, each of such layers may
contain a very small amount of components other than TiN,
as long as it has the above-described relevant configuration
and provides the operation and effects of either the outer-
most layer or the lowermost layer.

The Ti compound layer of the present embodiment pref-
erably comprises, between the TiCN layer and the a-type
aluminum oxide layer, an intermediate layer, being com-
prised of TiCNO or TiCO, as this leads to further improved
adhesion. The average thickness of such intermediate layer
is preferably from 0.2 um or more to 1.5 um or less. This is
preferable in that: if such average thickness is 0.2 um or
more, this indicates the tendency of the adhesion to be
further improved; and, if such average thickness is 1.5 um or
less, this indicates the tendency of the texture coeflicient TC
(0,0,12) in the a-type aluminum oxide layer to have a
greater value.

The intermediate layer is a layer comprised of TiICNO or
TiCO. However, such intermediate layer may contain a very
small amount of components other than the above com-
pounds, as long as it has the above configuration and
provides the operation and effects of the intermediate layer.

Examples of a method of forming layers that constitute a
coating layer in a coated cutting tool according to the present
embodiment include the method set forth below. However,
such method of forming layers is not limited thereto.

For instance, a TiN layer can be formed by chemical
vapor deposition with a raw material gas composition of
TiCl,: from 5.0 mol % or more to 10.0 mol % or less, N,:
from 20 mol % or more to 60 mol % or less, and H,: the
balance, a temperature of from 850° C. or higher to 920° C.
or lower, and a pressure of from 100 hPa or higher to 400
hPa or lower.

A TiC layer can be formed by chemical vapor deposition
with a raw material gas composition of TiCl,: from 1.5 mol
% or more to 3.5 mol % or less, CH,: from 3 mol % or more
to 7 mol % or less, and H,: the balance, a temperature of
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from 950° C. or higher to 1,050° C. or lower, and a pressure
of from 65 hPa or higher to 85 hPa or lower.

ATICN layer can be formed by chemical vapor deposition
with a raw material gas composition of TiCl,: from 8.0 mol
% or more to 18.0 mol % or less, CH;CN: from 1.0 mol %
or more to 3.0 mol % or less, and H,: the balance, a
temperature of from 840° C. or higher to 890° C. or lower,
and a pressure of from 60 hPa or higher to 80 hPa or lower.

A TiCNO layer can be formed by chemical vapor depo-
sition with a raw material gas composition of TiCl,: from 3.0
mol % or more to 5.0 mol % or less, CO: from 0.4 mol %
or more to 1.0 mol % or less, N,: from 30 mol % or more
to 40 mol % or less, and H,: the balance, a temperature of
from 975° C. or higher to 1,025° C. or lower, and a pressure
of from 90 hPa or higher to 110 hPa or lower.

ATiCO layer can be formed by chemical vapor deposition
with a raw material gas composition of TiCl,: from 0.5 mol
% or more to 1.5 mol % or less, CO: from 2.0 mol % or more
to 4.0 mol % or less, and H,: the balance, a temperature of
from 975° C. or higher to 1,025° C. or lower, and a pressure
of from 60 hPa or higher to 100 hPa or lower.

In the present embodiment, a coated cutting tool which
involves the controlled orientation relationship of an a-type
aluminum oxide layer can be obtained by, for example, the
method set forth below.

Firstly, a lowermost layer (a TiN layer), a TiCN layer or
an intermediate layer is formed on a surface of a substrate of
a coated cutting tool. Then, a surface of the TiN layer, the
TiCN layer or the intermediate layer is oxidized. Thereafter,
two kinds of nuclei of aluminum oxide are formed thereon,
and an a-type aluminum oxide layer is formed in the state
in which such nuclei have been formed. Further, an outer-
most layer may be formed as appropriate.

The first nucleus of aluminum oxide is formed with a very
small amount of CO gas being caused to flow at a low
temperature. This leads to the formation of the first nucleus
of aluminum oxide at a very slow rate. Further, the first
nucleus of aluminum oxide is minute. The time during
which the first nucleus of aluminum oxide is formed is
preferably from 2 minutes or more to 5 minutes or less.
Thus, the a-type aluminum oxide layer is prone to have
preferential orientation of a (0,0,12) plane.

Next, the second nucleus of aluminum oxide is formed.
The second nucleus of aluminum oxide is formed with a
very small amount of C;Hy gas being caused to flow at a
high temperature. Further, the second nucleus of aluminum
oxide can be formed within the first nucleus of aluminum
oxide or on the surface thereof. The time during which the
second nucleus of aluminum oxide is formed is preferably
from 2 minutes or more to 5 minutes or less. The combi-
nation of this step and an oxidation step allows the a-type
aluminum oxide layer to be prone to have preferential
orientation of a (1,0,16) plane.

In order to obtain an a-type aluminum oxide layer which
satisfies a TC (0,0,12) and a TC (1,0,16), after the formation
of the two kinds of nuclei of aluminum oxide, the a-type
aluminum oxide layer may be formed under the condition
that a CO gas is not caused to flow. At this time, the
deposition temperature is preferably made higher than the
temperature at which the first nucleus of aluminum oxide is
formed.

More specifically, the oxidation of the surface of the TiN
layer, the TiCN layer or the intermediate layer is performed
under the conditions of a raw material gas composition of
CO,: from 0.1 mol % or more to 1.0 mol % or less, CH,:
from 0.05 mol % or more to 0.2 mol % or less, and H,: the
balance, a temperature of from 970° C. or higher to 1,020°
C. or lower, and a pressure of from 50 hPa or higher to 70
hPa or lower. Here, oxidation is preferably performed for
from 5 minutes or more to 10 minutes or less.

Thereafter, the first nucleus of a-type aluminum oxide is
formed by chemical vapor deposition with a raw material
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gas composition of AlCl;: from 1.0 mol % or more to 4.0
mol % or less, CO,: from 1.0 mol % or more to 3.0 mol %
or less, CO: from 0.05 mol % or more to 2.0 mol % or less,
HCI: from 2.0 mol % or more to 3.0 mol % or less, and H,:
the balance, a temperature of from 880° C. or higher to 930°
C. or lower, and a pressure of from 60 hPa or higher to 80
hPa or lower.

Then, the second nucleus of a-type aluminum oxide is
formed by chemical vapor deposition with a raw material
gas composition of AICl;: from 2.0 mol % or more to 5.0
mol % or less, CO,: from 2.5 mol % or more to 4.0 mol %
or less, HCI: from 2.0 mol % or more to 3.0 mol % or less,
C;Hg: from 0.05 mol % or more to 0.2 mol % or less, and
H,: the balance, a temperature of from 970° C. or higher to
1,030° C. or lower, and a pressure of from 60 hPa or higher
to 80 hPa or lower.

Further, the a-type aluminum oxide layer is formed by
chemical vapor deposition with a raw material gas compo-
sition of AICl;: from 2.0 mol % or more to 5.0 mol % or less,
CO,: from 2.5 mol % or more to 4.0 mol % or less, HCl:
from 2.0 mol % or more to 3.0 mol % or less, H,S: from 0.15
mol % or more to 0.25 mol % or less, and H,: the balance,
a temperature of from 970° C. or higher to 1,030° C. or
lower, and a pressure of from 60 hPa or higher to 80 hPa or
lower.

As described above, the surface of the TiN layer, the TiICN
layer or the intermediate layer is oxidized, and the two kinds
of nuclei of aluminum oxide are then formed. Thereafter, an
a-type aluminum oxide layer is formed with normal condi-
tions, thereby making it possible to obtain an a-type alu-
minum oxide layer involving a TC (0,0,12) of 4.0 or more
and a TC (1,0,16) of 0.5 or more. At this time, the existence
ratio of the two kinds of nuclei of aluminum oxide is
adjusted, whereby the orientation relationship of the a-type
aluminum oxide layer can be controlled.

After the formation of the coating layer, dry blasting, wet
blasting or shot peening is performed thercon, thereby
making it possible to control the residual stress value in a
(1,1,6) plane of the a-type aluminum oxide layer. For
instance, as to the conditions for dry shot blasting, a shot
material may be shot onto a surface of the coating layer at
a shot velocity of from 50 m/sec or more to 80 m/sec or less
and for a shot time of from 0.5 minutes or more to 3 minutes
or less so as to achieve a shot angle of from 30° or more to
70° or less. The medium in dry shot blasting is preferably a
material, such as Al,O; or ZrO,, which has an average
particle size of from 100 um or more to 150 pm or less.

The thickness of each layer in the coating layer of the
coated cutting tool of the present embodiment can be
measured from a cross-sectional structure of the coated
cutting tool, using an optical microscope, a scanning elec-
tron microscope (SEM), an FE-SEM or the like. It should be
noted that the average thickness of each layer in the coated
cutting tool of the present embodiment may be obtained by:
measuring the thickness of each layer at three or more
locations near the position 50 pm from the edge, toward the
center of the rake surface of the coated cutting tool; and
calculating the average value of the resulting measurements.
Further, the composition of each layer can be measured from
a cross-sectional structure of the coated cutting tool of the
present embodiment, using an energy-dispersive X-ray spec-
troscope (EDS), a wavelength-dispersive X-ray spectro-
scope (WDS) or the like.

EXAMPLES

Although the present invention will be described in fur-
ther detail below, with examples, the present invention is not
limited to such examples.

A cemented carbide cutting insert with a shape of JIS
standard CNMA120412 and a composition of 93.0WC-
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6.6C0-0.4Cr;C, (mass %) was prepared as a substrate. The
cutting edge of such substrate was subjected to round honing
by means of an SiC brush, and the surface of the substrate
was then washed.

After the substrate surface was washed, a coating layer
was formed by chemical vapor deposition. As to invention
samples 1 to 11, firstly, the substrate was inserted into an
external heating chemical vapor deposition apparatus, and a
lowermost layer, which is shown in Table 1, was formed on
the substrate surface so as to have the average thickness
shown in Table 1. At this time, the lowermost layer was
formed under the raw material gas composition, temperature
and pressure conditions shown in Table 2. Then, a TiCN
layer, which is shown in Table 1, was formed on the surface
of the lowermost layer so as to have the average thickness
shown in Table 1 under the raw material gas composition,
temperature and pressure conditions shown in Table 2. Next,
an intermediate layer, which is shown in Table 1, was
formed on the surface of the TiCN layer so as to have the
average thickness shown in Table 1 under the raw material
gas composition, temperature and pressure conditions
shown in Table 2. Thereafter, the surface of the intermediate
layer was oxidized for the time shown in Table 3 and under
the raw material gas composition, temperature and pressure
conditions shown in Table 3. Then, a first nucleus of
aluminum oxide was formed on the oxidized surface of the
intermediate layer under the raw material gas composition,
temperature and pressure conditions shown in Table 4. The
time during which the first nucleus of aluminum oxide was
formed was set at 4 minutes. Further, a second nucleus of
aluminum oxide was formed within the first nucleus of
aluminum oxide or on the surface thereof under the raw
material gas composition, temperature and pressure condi-
tions shown in Table 4. The time during which the second
nucleus of aluminum oxide was formed was set at 4 minutes.
Thereafter, an a-type aluminum oxide layer (hereinafter
referred to as an a-type Al,O, layer), which is shown in
Table 1, was formed on the surfaces of the two kinds of
nuclei of aluminum oxide so as to have the average thickness
shown in Table 1 under the raw material gas composition,
temperature and pressure conditions shown in Table 5.
Lastly, an outermost layer, which is shown in Table 1, was
formed on the surface of the a-type Al,O; layer so as to have
the average thickness shown in Table 1 under the raw
material gas composition, temperature and pressure condi-
tions shown in Table 2. As a result, the coated cutting tools
of invention samples 1 to 11 were obtained.

Meanwhile, as to comparative samples 1 to 10, firstly, the
substrate was inserted into an external heating chemical
vapor deposition apparatus, and a lowermost layer, which is
shown in Table 1, was formed on the substrate surface so as
to have the average thickness shown in Table 1 under the raw
material gas composition, temperature and pressure condi-
tions shown in Table 2. Then, a TiCN layer, which is shown
in Table 1, was formed on the surface of the lowermost layer
s0 as to have the average thickness shown in Table 1 under
the raw material gas composition, temperature and pressure
conditions shown in Table 2. Next, an intermediate layer,
which is shown in Table 1, was formed on the surface of the
TiCN layer so as to have the average thickness shown in
Table 1 under the raw material gas composition, temperature
and pressure conditions shown in Table 2. Thereafter, the
surface of the intermediate layer was oxidized for the time
shown in Table 3 and under the raw material gas composi-
tion, temperature and pressure conditions shown in Table 3.
Then, one or two kinds of nucleus or nuclei of aluminum
oxide was/were formed on the oxidized surface of the
intermediate layer under the raw material gas composition,
temperature and pressure conditions shown in Table 6.
Herein, the term “no step” in Table 6 indicates no step of
forming the second nucleus of aluminum oxide. Further, an
a-type Al,O; layer, which is shown in Table 1, was formed



US 11,897,037 B2

11

on the surface of the intermediate layer and the surface or
surfaces of the nucleus or nuclei of aluminum oxide so as to
have the average thickness shown in Table 1 under the raw
material gas composition, temperature and pressure condi-
tions shown in Table 7. Lastly, an outermost layer, which is
shown in Table 1, was formed on the surface of the a-type
Al,O; layer so as to have the average thickness shown in
Table 1 under the raw material gas composition, temperature
and pressure conditions shown in Table 2. As a result, the
coated cutting tools of comparative samples 1 to 10 were
obtained.

12

The thickness of each layer of each of the samples was
obtained as set forth below. That is, using an FE-SEM, the
average thickness was obtained by: measuring the thickness
of each layer, from each of the cross-sectional surfaces at
three locations near the position 50 pm from the edge of the
coated cutting tool, toward the center of the rake surface
thereof; and calculating the average value of the resulting
measurements. Using an EDS, the composition of each layer
of the obtained sample was measured from the cross-
sectional surface near the position at most 50 um from the
edge of the coated cutting tool, toward the center of the rake
surface thereof.

TABLE 1

Coating layer

Lowermost layer TiCN layer Intermediate layer
Average Average Average
thickness thickness thickness
Sample No. Composition (um)  Composition (um)  Composition (pm)
Invention TiN 0.2 TiCN 3.0 TiCNO 0.4
sample 1
Invention TiN 0.2 TiCN 5.8  TiCNO 0.4
sample 2
Invention TiN 0.4 TiCN 104  TIiCNO 0.2
sample 3
Invention TiN 0.4 TiCN 19.6  TiCNO 0.1
sample 4
Invention TiN 0.6 TiCN 15.0  TiCNO 0.6
sample 5
Invention TiN 0.6 TiCN 8.4  TICNO 0.6
sample 6
Invention TiN 1.2 TiCN 8.2 TiCO 0.2
sample 7
Invention TiN 2.0 TiCN 8.0  TICNO 0.8
sample 8
Invention TiC 0.4 TiCN 8.0  TICNO 0.8
sample 9
Invention TiN 1.5 TiCN 6.0  TICNO 1.2
sample 10
Invention TiN 0.6 TiCN 3.2 TiCO 0.6
sample 11
Comparative TIN 0.2 TiCN 3.0 TIiCNO 0.4
sample 1
Comparative TIN 0.2 TiCN 3.2  TIiCNO 0.4
sample 2
Comparative TIN 0.4 TiCN 19.6  TiCNO 0.1
sample 3
Comparative TiC 0.4 TiCN 102 TiCNO 0.1
sample 4
Comparative TIN 0.6 TiCN 8.2 TICNO 0.2
sample 5
Comparative TIN 0.6 TiCN 150  TiCNO 0.2
sample 6
Comparative TIN 0.4 TiCN 84  TICNO 0.4
sample 7
Comparative TIN 1.2 TiCN 82 TiCO 0.8
sample 8
Comparative TIN 1.5 TiCN 84  TICNO 0.6
sample 9
Comparative TIN 1.5 TiCN 8.0  TICNO 1.2
sample 10
Coating layer
a-type AlLL,O; layer Outermost layer
Average Average Total

Crystal thickness thickness thickness
Sample No. system (pm) Composition (um) (nm)
Invention a 7.8 TiN 0.2 11.6
sample 1
Invention a 7.8 TiN 0.2 14.4

sample 2
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TABLE 1-continued
Invention [¢3 8.0 TiN 0.4 19.4
sample 3
Invention [¢3 8.0 TiN 0.4 28.5
sample 4
Invention [¢3 5.2 TiN 0.4 21.8
sample 5
Invention [¢3 5.0 TiN 0.6 15.2
sample 6
Invention [¢3 9.8 TiN 0.2 19.6
sample 7
Invention [¢3 14.8 TiN 0.4 26.0
sample 8
Invention [¢3 2.2 TiN 0.2 11.6
sample 9
Invention [¢3 24 TiN 0.2 11.3
sample 10
Invention [¢3 4.0 TiN 0.2 8.6
sample 11
Comparative [¢3 7.8 TiN 0.2 11.6
sample 1
Comparative [¢3 7.8 TiN 0.2 11.8
sample 2
Comparative [¢3 8.0 TiN 0.4 28.5
sample 3
Comparative [¢3 5.0 TiN 0.4 16.1
sample 4
Comparative [¢3 5.2 TiN 0.2 14.4
sample 5
Comparative [¢3 5.0 TiN 0.2 21.0
sample 6
Comparative [¢3 14.8 TiN 0.6 24.6
sample 7
Comparative [¢3 9.8 TiN 0.6 20.6
sample 8
Comparative [¢3 24 TiN 0.4 13.3
sample 9
Comparative [¢3 8.0 TiN 0.4 19.1
sample 10
35
TABLE 2 TABLE 3-continued
Coating Sample Temperature Pressure Raw material composition ~ Time
layer Temperature Pressure Raw material composition No. cc) (hPa) (mol %) (min)
Type °C) (hPa) (mol %)
40 Invention 970 60  COy: 0.3%, CH,: 0.2%, 7
TiN 900 400 TiCly: 7.5%, Nu: 40.0%, Ha: sample 8 H,: 99.5%
52.5% Invention 1,000 60  CO,: 0.1%, CH,: 0.1%, 7
TiC 1,000 75 TiCly: 2.4%, CH,: 4.6%, Hy: sample 9 H,: 99.8%
93.0% Invention 1,000 70 COy: 0.7%, CH,: 0.1%, 7
TiCN 840 70 TiCly: 9.0%, CH,CN: 1.2%, H,: 45 sample 10 H,: 99.2%
89.8% Invention 1,020 50 COy: 0.5%, CH,: 0.05%, 10
TiCNO 1,000 100 TiCly: 3.5%, CO: 0.7%, Ny: 35.5%, sample 11 H,: 99.45%
Hy: 60.3% Comparative 1,000 50 CO,: 0.5%, Hy: 99.5% 5
TiCO 1,000 80  TiCly: 1.3%, CO: 2.7%, Hy: 96.0% sample 1
Comparative 1,000 60  CO,: 0.5%, CHy: 0.1%, 7
50 sample 2 H,: 99.4%
Comparative 1,000 70 CO5: 0.1%, Hy: 99.9% 5
TABLE 3 sample 3
. . . Comparative 1,000 60  CO,: 1.0%, H,: 99.0% 10
Sample Temperature Pressure Raw material composition Time sample 4
No. °C) (hPa) (mol %) (min) .
55 Comparative 1,000 70 CO,: 0.3%, Hy: 99.7% 10
Invention 1,000 70 CO,: 0.5%, CH,: 0.1%, 5 sample 5
sample 1 Hy: 99.4% Comparative 1,000 60  COy: 0.7%, H,: 99.3% 5
Invention 1,000 60  CO,: 0.1%, CH,: 0.1%, 7 sample 6
. 0,
;ﬁfﬁgoi 1,000 - 282?%_870/2 . CH,: 0.1% ; Comparative 970 60  CO,: 0.5%, Hy: 99.5% 10
sample 3 Hy: 99.2% o Smple 7
Invention 1,020 60  CO,: 0.7%, CH,: 0.05%, 10 Comparative 1,000 60 CO,: 0.1%, CH,: 0.1%, 2
sample 4 H,: 99.25% sample 8 H;: 99.8%
Invention 1,000 50 CO,: 1.0%, CH,: 0.1%, 7 Comparative 1,000 50 COg: 0.7%, Hy: 99.3% 5
sample 5 H,: 98.9% sample 9
Invention 970 60  CO,: 1.0%, CH,: 0.2%, 5 C . P ) o
sample 6 H,: 98.8% omparative 1,000 70 CO,: 0.3%, Hy: 99.7% 10
Invention 1,000 50  CO,: 0.5%, CH,: 0.15%, 7 65 sample 10
sample 7 H,: 99.35%
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TABLE 4

16

First nucleus formation condition

Second nucleus formation condition

Sample Temperature Pressure Raw material composition Temperature Pressure Raw material composition
No. °C) (hPa) (mol %) °C) (hPa) (mol %)
Invention 900 70 AlCl;: 3.0%, CO,: 3.0%, 990 70 AlCls: 2.5%, CO,: 2.5%,
sample 1 CO: 1.0%, HCL: 2.5%, H,: 90.5% HCL: 2.5%, C5Hy: 0.1%, Hy: 92.4%
Invention 900 70 AlCl;: 3.5%, CO,: 2.5%, 990 70 AlCl;: 4.0%, CO,: 3.5%,
sample 2 Co: 1.0%, HCL: 2.2%, H,: 90.8% HCL: 2.0%, C5Hg: 0.1%, Hy: 90.4%
Invention 900 70 AlCl;: 2.5%, CO,: 1.0%, 990 70 AlCls: 2.0%, CO,: 3.5%,
sample 3 CO: 1.5%, HCL: 2.0%, H,: 93.0% HCL: 3.0%, C5Hy: 0.1%, Hy: 91.4%
Invention 930 70 AlCl;: 2.0%, CO,: 2.0%, 1,030 70 AlCly: 2.5%, CO,: 4.0%,
sample 4 CO: 1.5%, HCI: 3.0%, H,: 91.5% HCI: 2.5%, C3Hg: 0.05%, H,: 90.95%
Invention 900 60 AlCl;: 4.0%, CO,: 3.0%, 990 60  AlCl;: 5.0%, CO,: 3.0%,
sample § CO: 2.0%, HCL: 2.5%, H,: 88.5% HCL: 2.5%, C5Hg: 0.1%, H,: 89.4%
Invention 880 70 AlCl;: 1.0%, CO,: 2.5%, 970 70 AlCl;: 4.5%, CO,: 2.5%,
sample 6 CO: 0.5%, HCL: 2.2%, H,: 93.8% HCL: 2.0%, C5Hg: 0.2%, H,: 90.8%
Invention 900 80  AlCl;: 3.5%, CO,: 2.0%, 990 80  AlCl;: 5.0%, CO,: 3.0%,
sample 7 CO: 1.0%, HCI: 2.8%, H,: 90.7% HCI: 2.0%, C3Hg: 0.15%, H,: 89.85%
Invention 880 60  AlCly: 2.0%, CO,: 3.0%, 970 60  AICl;: 2.0%, CO,: 4.0%,
sample 8 CO: 0.1%, HCL: 2.5%, H,: 92.4% HCL: 2.5%, C5Hg: 0.2%, Hy: 91.3%
Invention 900 60 AlCl;: 3.0%, CO,: 3.0%, 990 60  AlCl;: 3.5%, CO,: 3.0%,
sample 9 CO: 1.5%, HCL: 2.8%, H,: 89.7% HCL: 2.5%, C5Hg: 0.1%, Hy: 90.9%
Invention 900 70 AlCl;: 3.0%, CO,: 1.5%, 990 70 AlCl;: 3.5%, CO,: 3.0%,
sample 10 CO: 1.5%, HCI: 2.0%, H,: 92.0% HCI: 2.5%, C3Hg: 0.1%, H,: 91.9%
Invention 930 80  AlCl;: 2.0%, CO,: 2.0%, 1,030 80  AlCl;: 3.5%, CO,: 3.5%,
sample 11 CO: 2.0%, HCI: 2.3%, H,: 91.7% HCI: 3.0%, C3Hg: 0.05%, H,: 89.95%
TABLE 5 TABLE 5-continued
Deposition conditions Deposition conditions
Sample Temperature Pressure Raw material composition 30 Sample Temperature Pressure Raw material composition
No. “C) (hPa)  (mol %) No. (°Cy (hPa) (mol %)
Invention 1,010 70 AlCl;: 2.0%, CO,: 3.5%, Invention 990 80 AICl: 4.0%, CO,: 4.0%,
sample 1 HCL: 3.0%, H,S: 0.2%, Hy: 91.3% sample 7 HCL: 2.5%, H,S: 0.2%, Hy: 89.3%
Invention 990 70 AlCl;: 3.0%, CO5: 2.5%, . 2o s e
sample 2 HCL: 2.5%, TLS: 0.2%, T,: 91.8% 35 Invention 990 60 AlCl;: 3.00 %, CO5: 2(.)5 %, .
Invention 970 70 AICLy: 4.0%, CO,: 4.0%, sample 8 HCL: 2.7%, H,S: 0.2%, H,: 91.6%
sample 3 HCL: 2.5%, H,S: 0.2%, H,: 89.3% Invention 1,010 60 AlCl;: 3.5%, CO,: 3.0%,
Invention 1,010 70 AIClLy: 5.0%, CO: 4.0%, sample 9 HCL: 2.0%, H,S: 0.2%, Hy: 91.3%
sample 4 HCI: 2.3%, H,S: 0.15%, H,: 88.55% Invention 1,030 70 AlCl;: 3.0%, CO,: 2.5%,
Invention 990 60  AlCly: 3.5%, CO,: 3.0%, sample 10 HCl: 2.5%, H,S: 0.2%, Hy: 91.8%
sample 5 HCl: 2.0%, H,S: 0.2%, Hy: 91.3% 40 Invention 990 80  AICl;: 2.5%, CO,: 4.0%,
Invention 970 70 AlCl;: 3.0%, CO,: 3.5%, sample 11 HCI: 2.5%, H,S: 0.15%, H,: 90.85%
sample 6 HCl: 2.5%, H,S: 0.25%, Hy: 90.75%
TABLE 6
Nucleus formation conditions (1) Nucleus formation conditions (2)
Temperature Pressure Raw material composition Temperature Pressure Raw material composition
Sample No. °C) (hPa) (mol %) °C) (hPa) (mol %)
Comparative 900 60 AlCl;: 2.0%, CO,: 2.0%, No step
sample 1 HCI: 2.5%, H,: 93.5%
Comparative 900 80 AICl: 4.0%, CO,: 2.5%, 990 70 AlCly: 2.0%, CO,: 3.5%,
sample 2 HCl: 2.7%, H,: 90.8% HCL: 3.0%, CsHg: 0.1%, Hy: 91.4%
Comparative 880 70 AlCl;: 3.0%, CO,: 3.0%, CO: 0.5%, No step
sample 3 HCI: 2.5%, H,: 91.0%
Comparative 1,030 70 AlCl;: 2.0%, CO,: 2.0%, No step
sample 4 HCl: 2.5%, H,: 93.5%
Comparative 900 70 AlCl;: 4.0%, CO,: 2.5%, No step
sample 5 HCI: 2.7%, H,: 90.8%
Comparative 880 60 AlCl;: 2.0%, CO,: 3.0%, CO: 0.1%, 990 70 AlCl;: 4.5%, CO,: 2.5%,
sample 6 HCl: 2.5%, H,: 92.4% HCI: 2.0%, H,: 91.0%
Comparative 900 70 AlCl;: 3.0%, CO,: 3.0%, No step
sample 7 HCl: 2.0%, H,: 92.0%
Comparative 990 60 AlCl;: 4.0%, CO,: 2.0%, CO: 0.05%, 990 70 AlCl;: 3.5%, CO,: 3.0%,
sample 8 HCI: 3.0%, H,: 90.95% HCI: 2.5%, C3Hg: 0.1%, H,: 91.9%
Comparative 900 60 AlCl;: 3.5%, CO,: 2.5%, CO: 1.0%, 990 60 AlCl;: 3.0%, CO,: 4.0%,
sample 9 HCl: 2.3%, H,: 91.7% HCI: 2.3%, H,: 90.7%
Comparative 900 60  AlCly: 2.5%, CO,: 2.0%, CO: 0.05%, 990 70 AICly: 3.5%, CO,: 3.0%,
sample 10 HCl: 2.5%, H,: 92.95% HCI: 2.5%, H,: 91.0%
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TABLE 7

18
TABLE 8-continued

Deposition condition;

Sample Temperature Pressure Raw material composition

No. °C) (hPa) (mol %)

Comparative 990 60  AlCl;: 4.0%, CO,: 4.0%,

sample 1 HCl: 2.5%, H,S: 0.2%, H,: 89.3%
Comparative 990 80  AlCly: 3.0%, CO,: 2.5%,

sample 2 HCl: 2.5%, H,S: 0.2%, H,: 91.8%
Comparative 970 70 AlCl;3: 4.0%, CO,: 4.0%,

sample 3 HCl: 2.5%, H,S: 0.2%, H,: 89.3%
Comparative 1,010 70 AlCl;: 2.5%, CO,: 4.0%, HCl:
sample 4 2.5%, H,S: 0.15%, H,: 90.85%
Comparative 990 70 AlCl;: 3.0%, CO,: 2.5%,

sample 5 HCI: 2.5%, H,S: 0.2%, H,: 91.8%
Comparative 990 60  AlCl;: 2.0%, CO,: 3.5%,

sample 6 HCl: 3.0%, H,S: 0.2%, H,: 91.3%
Comparative 1,010 70 AlCl;: 3.0%, CO,: 2.5%,

sample 7 HCl: 2.5%, H,S: 0.2%, H,: 91.8%
Comparative 1,030 60  AlCl;: 3.0%, CO,: 2.5%,

sample 8 HCI: 2.7%, H,S: 0.2%, H,: 91.6%
Comparative 990 60  AlCl;: 3.0%, CO,: 2.5%,

sample 9 HCl: 2.7%, H,S: 0.2%, H,: 91.6%
Comparative 1,010 60  AlCly: 5.0%, CO,: 4.0%, HCL:
sample 10 2.3%, H,S: 0.15%, H,: 88.55%

As to invention samples 1 to 11 and comparative samples
1 to 10, after the formation of the coating layer on the
surface of the substrate, dry shot blasting was performed
under the shot conditions shown in Table 8, using the shot
material shown in Table 8.

TABLE 8

Shot material Shot condition

Average Shot Shot

particle size  angle velocity  Shot time
Sample No. Material (um) ) (m/sec) (min)
Invention AlLO; 130 65 60 2.5
sample 1
Invention AlLO; 130 65 60 2.5
sample 2
Invention 710, 140 65 70 3
sample 3
Invention 710, 120 65 75 2
sample 4
Invention 710, 120 65 75 2
sample 5
Invention AlLO; 120 50 65 1
sample 6
Invention AlLO; 120 50 65 1
sample 7
Invention AlLO; 100 45 50 1
sample 8
Invention AlLO; 100 45 50 1
sample 9
Invention AlLO; 150 70 80 3
sample 10
Invention AlLO; 130 45 55 0.5
sample 11
Comparative AlLO; 130 65 60 2.5
sample 1
Comparative  Al,O, 130 65 60 2.5
sample 2
Comparative 710, 140 65 70 3
sample 3
Comparative ~ Z10, 120 65 70 2
sample 4
Comparative 710, 120 65 70 2
sample 5
Comparative  Al,O, 120 50 65 1
sample 6
Comparative AlLO; 120 50 65 1

sample 7
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Shot material Shot condition

Average Shot Shot

particle size  angle velocity  Shot time
Sample No. Material (um) ) (m/sec) (min)
Comparative AlLO; 100 45 50 1
sample 8
Comparative AlLO; 100 45 50 1
sample 9
Comparative AlLO; 130 45 55 0.5
sample 10

As to the obtained samples, an X-ray diffraction measure-
ment by means of a 20/6 focusing optical system with
Cu-Ka radiation was performed under the following con-
ditions: an output: 50 kV, 250 mA; an incident-side solar slit:
5°; a divergence longitudinal slit: 2/3°; a divergence longi-
tudinal limit slit: 5 mm; a scattering slit: 2/3°; a light-
receiving side solar slit: 5°; a light-receiving slit: 0.3 mm; a
BENT monochromater; a light-receiving monochrome slit:
0.8 mm; a sampling width: 0.01°; a scan speed: 4°/min; and
a 20 measurement range: 20°-155°. As to the apparatus, an
X-ray diffractometer “RINT TTR III” manufactured by
Rigaku Corporation was used. The peak intensity of each
plane index of each of the a-type Al,O, layer and the TiCN
layer was obtained from an X-ray diffraction pattern. A
texture coeflicient TC (0,0,12) and a texture coefficient TC
(1,0,16) of the a-type Al,O; layer were obtained from the
resulting peak intensity of each plane index. The results are
shown in Table 9.

TABLE 9

a-type Al,O4 layer

Sample No. TC (0, 0, 12) TC (1, 0, 16)
Invention sample 1 59 1.2
Invention sample 2 7.1 0.7
Invention sample 3 7.0 0.9
Invention sample 4 7.8 0.5
Invention sample 5 7.0 0.8
Invention sample 6 5.0 23
Invention sample 7 6.1 1.8
Invention sample 8 4.1 2.9
Invention sample 9 7.2 0.9
Invention sample 10 7.1 1.0
Invention sample 11 8.2 0.6
Comparative sample 1 0.3 0.1
Comparative sample 2 0.3 1.1
Comparative sample 3 0.8 0.1
Comparative sample 4 0.2 0.4
Comparative sample 5 0.5 0.1
Comparative sample 6 4.0 0.1
Comparative sample 7 0.5 0.2
Comparative sample 8 1.1 0.8
Comparative sample 9 1.5 0.3
Comparative sample 10 0.7 0.1

The average particle size of the a-type Al,O; layer of
each of the obtained samples was measured by EBSD. The
measurement results are shown in Table 10.

TABLE 10

a-type AlLL,O; layer
Average particle size

Sample No. (pm)
Invention sample 1 1.5
Invention sample 2 1.0
Invention sample 3 0.3
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TABLE 10-continued

a-type AlLL,O; layer
Average particle size

Sample No. (pm)
Invention sample 4 1.9
Invention sample 5 0.9
Invention sample 6 0.4
Invention sample 7 1.1
Invention sample 8 0.9
Invention sample 9 1.6
Invention sample 10 3.0
Invention sample 11 1.0
Comparative sample 1 1.0
Comparative sample 2 0.9
Comparative sample 3 0.4
Comparative sample 4 1.5
Comparative sample 5 1.0
Comparative sample 6 1.1
Comparative sample 7 2.0
Comparative sample 8 2.9
Comparative sample 9 1.0
Comparative sample 10 14

Cutting tests 1 and 2 were conducted using the obtained
samples. Cutting test 1 is a test for evaluating wear resis-
tance, and cutting test 2 is a test for evaluating fracture
resistance. The results of the respective cutting tests are
shown in Table 11.

[Cutting Test 1]

Workpiece material: S50C round bar

Cutting speed: 290 m/min

Feed: 0.30 mm/rev

Depth of cut: 2.2 mm

Coolant: Used

Evaluation items: A time when a sample was fractured, or

a when a sample had a maximum flank wear width of
0.2 mm, was defined as the end of the tool life, and the
machining time to reach the end of the tool life was
measured.

[Cutting Test 2]

Workpiece material: SS50C round bar with two equidistant

grooves extending in the length direction

Cutting speed: 250 m/min

Feed: 0.35 mm/rev

Depth of cut: 1.7 mm

Coolant: Used

Evaluation items: A time when a sample was fractured

was defined as the end of the tool life, and the number
of shocks the sample had received until the end of the
tool life was measured. The number of times the sample
and the workpiece material were brought into contact
with each other was defined as the number of shocks,
and the test was ended when the number of contacts
reached 20,000 at a maximum. As to each sample, five
inserts were prepared and the number of shocks was
measured for each of such inserts, and the average
value was obtained from the measurements of the
number of shocks so as to serve as the tool life.

As to the machining time to reach the end of the tool life
in the wear resistance test, evaluations were made with grade
“A” for 30 minutes or more, grade “B” for 20 minutes or
more and less than 30 minutes, and grade “C” for less than
20 minutes. Further, as to the number of shocks until the end
of the tool life in the fracture resistance test, evaluations
were made with grade “A” for 15,000 or more, grade “B” for
12,000 or more and less than 15,000, and grade “C” for less
than 12,000. In such evaluations, “A” refers to excellent,
“B” refers to good and “C” refers to inferior, meaning that
a sample involving a larger number of grade “A”s or “B”s
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has more excellent cutting performance. The overall evalu-
ation results obtained are shown in Table 11.

TABLE 11
Wear resistance test Fracture resistance test
Tool life Damage Tool life
Sample No. (min) Grade form (shocks) Grade
Invention 27 B Normal 18,000 A
sample 1 wear
Invention 33 A Normal 18,900 A
sample 2 wear
Invention 39 A Normal 20,000 A
sample 3 wear
Invention 47 A Normal 17,200 A
sample 4 wear
Invention 42 A Normal 17,500 A
sample 5 wear
Invention 30 A Normal 16,400 A
sample 6 wear
Invention 38 A Normal 13,200 B
sample 7 wear
Invention 42 A Normal 13,000 B
sample 8 wear
Invention 29 B Normal 14,600 B
sample 9 wear
Invention 29 B Normal 14,100 B
sample 10 wear
Invention 28 B Normal 13,800 B
sample 11 wear
Comparative 16 C  Normal 13,400 B
sample 1 wear
Comparative 16 C  Normal 14,900 B
sample 2 wear
Comparative 22 B Fracturing 11,000 C
sample 3
Comparative 19 C  Normal 12,400 B
sample 4 wear
Comparative 20 B Normal 10,200 C
sample 5 wear
Comparative 26 B Fracturing 9,700 C
sample 6
Comparative 25 B Normal 9,200 C
sample 7 wear
Comparative 26 B Normal 8,600 C
sample 8 wear
Comparative 20 B Fracturing 6,000 C
sample 9
Comparative 26 B Normal 11,500 C
sample 10 wear
The results of Table 11 show that, as to the evaluations of

the invention samples, each invention sample had grade “B”
or higher in both the wear resistance test and the fracture
resistance test. Meanwhile, as to the evaluations of the
comparative samples, each comparative sample had grade
“C” in either the wear resistance test or the fracture resis-
tance test. In particular, each invention sample had grade
“A” or “B” in the fracture resistance test, and each com-
parative sample had grade “B” or “C” in such test. Accord-
ingly, it is apparent that the fracture resistance of each
invention sample is equal or superior to that of each com-
parative sample.

It is apparent from the above results that each invention
sample has excellent wear resistance and fracture resistance
and accordingly has a long tool life.

The present application is based on the Japanese patent
application filed on Nov. 17, 2016 (JP Appl. 2016-223923),
the content of which is incorporated herein by reference.

INDUSTRIAL APPLICABILITY

The coated cutting tool according to the present invention
has improved and excellent fracture resistance without a
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reduction in wear resistance, whereby the tool life can be
extended more than that involved in the prior art, and the
coated cutting tool therefore has high industrial applicabil-
ity.
What is claimed is:
1. A coated cutting tool comprising a substrate and a
coating layer formed on a surface of the substrate, wherein:
the coating layer comprises at least one a-type aluminum
oxide layer having an average thickness of 5.2 um or
more to 8.0 um or less;
in the a-type aluminum oxide layer, a texture coeflicient
TC (0,0,12) of a (0,0,12) plane represented by formula
(1) below is from 7.0 or more to 7.8 or less, and a
texture coefficient TC (1,0,16) of a (1,0,16) plane
represented by formula (2) below is from 0.4 or more
to 1.8 or less:

CH0,0,12) (1 Tk Dyt M
70,0, 12) = 75 12){5 ToG, &, l)}

CI,0,16) (1 Tk Dyt @
T, 0, 16) = - 16){5 ot &, l)}

and in formulae (1) and (2), I (h,k,1) denotes a peak intensity
for an (hk]) plane in X-ray diffraction of the a-type
aluminum oxide layer, 1, (h,k1) denotes a standard diffrac-
tion intensity for an (hk,1) plane which is indicated on
JCPDS Card No. 10-0173 for a-type aluminum oxide, and
(h,k,]) refers to the nine crystal planes of (0,1,2), (1,0.4),
(1,1,0), (1,1,3), (1,1,6), (2,1,4), (3,0,0), (0,0,12) and (1,0,16),
and
the coating layer comprises, between the substrate and the
a-type aluminum oxide layer, a Ti compound layer
containing a Ti compound of Ti and an element of at
least one kind selected from the group consisting of C,
N, O and B.
2. The coated cutting tool according to claim 1, wherein,
in the a-type aluminum oxide layer, the texture coeflicient
TC (1,0,16) is from 0.7 or more to 1.2 or less.
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3. The coated cutting tool according to claim 1, wherein
a residual stress value in a (1,1,6) plane of the a-type
aluminum oxide layer is, in at least part thereof, from -300
MPa or higher to 300 MPa or lower.

4. The coated cutting tool according to claim 1, wherein
an average particle size of the a-type aluminum oxide layer
is from 0.1 um or more to 3.0 um or less.

5. The coated cutting tool according to claim 1, wherein
the Ti compound layer comprises at least one TiCN layer,
and an average thickness of the TiCN layer is from 2.0 um
or more to 20.0 um or less.

6. The coated cutting tool according to claim 1, wherein
an average thickness of the coating layer is from 3.0 um or
more to 30.0 um or less.

7. The coated cutting tool according to claim 1, wherein
the substrate is a cermet or a ceramic body.

8. The coated cutting tool according to claim 2, wherein
a residual stress value in a (1,1,6) plane of the a-type
aluminum oxide layer is, in at least part thereof, from -300
MPa or higher to 300 MPa or lower.

9. The coated cutting tool according to claim 2, wherein
an average particle size of the a-type aluminum oxide layer
is from 0.1 um or more to 3.0 um or less.

10. The coated cutting tool according to claim 3, wherein
an average particle size of the a-type aluminum oxide layer
is from 0.1 um or more to 3.0 um or less.

11. The coated cutting tool according to claim 6, wherein
the Ti compound layer comprises at least one TiCN layer,
and an average thickness of the TiCN layer is from 2.0 por
more to 20.0 um or less.

12. The coated cutting tool according to claim 1, wherein,
in the a-type aluminum oxide layer, the texture coeflicient
TC (1,0,16) is from 0.5 or more to 0.9 or less.

13. The coated cutting tool according to claim 3, wherein,
in the a-type aluminum oxide layer, the texture coeflicient
TC (1,0,16) is from 0.5 or more to 0.9 or less.

14. The coated cutting tool according to claim 4, wherein,
in the a-type aluminum oxide layer, the texture coeflicient
TC (1,0,16) is from 0.5 or more to 0.9 or less.
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