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Abstract

A coated cutting tool according to an aspect of the present invention
comprises a substrate and a coating layer formed on a surface of the substrate. The
coating layer comprises at least one a-type aluminum oxide layer. In a
cross-sectional surface of the a-type aluminum oxide layer which is substantially
parallel to the surface of the substrate, when an angle formed by a normal to the
cross-sectional surface and a normal to a (222) plane of a particle of the a-type
aluminum oxide layer is regarded as a misorientation, and when areas of particles,
each of which has a misorientation ranging from 0 degrees to 90 degrees, of the
a-type aluminum oxide layer are defined as constituting 100 area%, and the areas of
particles, each of which has a misorientation ranging from 0 degrees to 90 degrees,
of the a-type aluminum oxide layer are divided into respective 10-degree pitches, a
total Sa of the areas of particles, each of which has a misorientation ranging from 20
degrees to below 30 degrees, of the a-type aluminum oxide layer is at a maximum

from among totals of areas for nine divisions in respective 10-degree pitches.

38



CA 02938014 2016-07-26

COATED CUTTING TOOL

Technical Field

[0001] The present invention relates to a coated cutting tool.
Background Art
[0002] Conventionally, a coated cutting tool formed by depositing, through

chemical vapor deposition, a coating layer onto a surface of a substrate
comprised of, for example, a cemented carbide, is well known for being used
for the cutting of steel, castiron, etc. A coating layer generally consists of a
single layer of one kind selected from among, for example, Ti-based
compounds (carbides, nitrides, carbdnitrides, carbonates and
carboxynitrides) and aluminum oxide, or consists of multiple layers of two or
more kinds selected therefrom, and such coating layer has a total thickness

of 3 to 20 um.

[0003] Patent Document 1 discloses a cutting tool in which, on a surface of a
tool substrate made of a WC group cemented carbide or TiCN group cermet,
a Ti compound layer is formed as a lower layer and an Al,O; layer is provided

as an upper layer. Patent Document 1 indicates that such Al,O3 layer has a

K type or O type crystal structure in the state of having been formed thrOugh
chemical vapor deposition and has been subjected to modification treatment
so as to have, through heat treatment after chemical vapor deposition, an
a-type crystal structure, and also indicates that such Al,O3 layer shows an
X-ray diffraction chart which shows clear diffraction peaks on a (008) plane

and a (018) plane in an X-ray diffraction measurement.

Citation List
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Patent Document

[0004)

Patent Document 1: JP2004-299.021 A

Summary

Technical Problem

[0005]

[0006}

[0007]

An increase in speed, feed and depth of cut have become
conspicuous Iin cutting in recent times, leading to a tendency that the tool life
has become shorter than that involved in the prior art. Such background

has been increasing demand for a further enhancement of wear resistance

and fracture resistance (including chipping resistance) of a tool.

Under such situation, with regard to the tool of Patent Document 1
above, the present inventor conducted experiments, and the results have
confirmed that, during cutting, wear easily progresses in the tool of Patent
Document 1 because of scraped off particles of an a-type aluminum oxide

layer, leading to the problem of wear resistance.

An object of the present invention is to provide a coated cutting tool

having excellent wear resistance and fracture resistance.

Solution to Problem

[0008)

The present inventor has exerted originality and ingenuity, focusing
on crystal orientations and thereby optimized the crystal orientations and has

then found that a balance is achieved between wear resistance and fracture
resistance in a coated cutting tool. Namely, the present inventor has
conducted studies, from the same perspective as that set forth above,
regarding the extension of tool life of the coated cutting tool and has then

gained findings that a cutting tool haVing the following configuration focusing
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on crystal orientations, in particular, slip systems, enables wear resistance to
be enhanced with no loss of fracture resistance, as a result of which the life of

such tool can be extended.

An aspect of the present invention provides 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 a cross-sectional surface of the a-type aluminum oxide
layer which is substantially parallel to the surface of the substrate, when an
angle formed by a normal to the cross-sectional surface and a normal to a
(222) plane of a particle of the a-type aluminum oxide layer is regarded as a
misorientation, and when areas of particles, each of which has a
misorientation ranging from 0 degrees or more to 90 degrees or less, of the
a-type aluminum oxide layer are defined as constituting100 area%, and the
areas of particles, each of which has a misorientation ranging from 0 degrees
or more to 90 degrees or less, of the a-type aluminum oxide layer are divided
into respective 10-degree pitches, a total Sa of the areas of particles, each of
which has a misorientation ranging from 20 degrees or more to below 30

degrees, of the a-type aluminum oxide layer in the cross-sectional surface is
at a maximum from among totals of areas for nine divisions in respective

10-degree pitches.

According to an aspect of the present invention having the above

configuration, a total Sa of the areas of particles, each of which has a
misorientation ranging from 20 degrees or more to below 30 degrees, of the
a-type aluminum oxide layer is at a maximum from among totals of areas for

nine divisions in respective 10-degree pitches. Therefore, particles each of
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which has a misorientation ranging from 20 degrees or more to below 30
degrees are dominant in the a-type aluminum oxide layer, and high wear

resistance can be achieved with no reduction in fracture resistance of the

cutting tool.

The total Sa of the areas of particles, each of which has a
misorientation ranging from 20 degrees or more to below 30 degrees, of the

a-type aluminum oxide layer, preferably has a range of 25 area% < Sa < 70

area%.

A total Sb of the areas of particles, each of which has a misorientation
ranging from O degrees or more to below 10 degrees, of the a-type aluminum

oxide layer, preferably has a range of 10 area% < Sb < 20 area%.

An average thickness of the a-type aluminum oxide layer is preferably

from 1 ym or more to 15 um or less.

The coating layer preferably comprises, between the substrate and
the a-type aluminum oxide layer, a Ti compound layer of a Ti compound
formed of a Ti element and at least one element selected from the group

consisting of C, N, O and B.

An average thickness of the coating layer is preferably from 3 um or
more to 30 um or less, and an average thickness of the Ti compound layer is

preferably from 2 ym or more to 15 um or less.

The cross-sectional surface of the a-type aluminum oxide layer may
be defined with regard to a predetermined region of a rake surface or a flank
of the coated cutting tool. The cross-sectional surface may be defined in a

position where at least 50% of the a-type aluminum oxide layer is left in a
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thickness direction of the coating layer. The cross-sectional surface of the

a-type aluminum oxide layer is preferably a polished surface.

[0017] The substrate may comprise any one of a cemented carbide, cermet

ceramic and a sintered body of cubic boron nitride.

[0018] The above-described coated cutting tool may be a cutting insert

capable of being removably attached to a tool body.

Brief Description of Drawings

[0019] Fig. 1 is a schematic cross-sectional view showing a part near an
edge of a coated cutting tool according to an embodiment of the present

invention.

Fig. 2 is a schematic view showing a configuration of a coating layer

In an invention of a coated cutting tool manufactured according to the present

invention.
Description of Embodiments
[0020] <Coated cutting tool>

The present invention is directed at a coated cutting tool. A coated

cutting tool includes a substrate and a coating layer formed on a surface of
the substrate. The coated cutting tool may be constituted by a substrate and
a coating layer. The coated cutting tool includes a cutting edge at an
Intersection of a rake surface and a flank. The coating fayer is, at a
minimum, formed in a predetermined region including the cutting edge and is
preferably formed so as to extend from the rake surface to the flank, and the
coating layer may be formed over a part of a surface of the substrate and may

alternatively be formed over the entire surface of the substrate. Specific
5
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examples of types of the coated cutting tool include an indexable cutting

insert for milling or turning, a drill, an end mill. etc.

<Substrate>

In the present invention, a “substrate” can be made of. for example, a
cemented carbide, cermet, ceramic, a sintered body of cubic boron nitride, a
sintered body of diamond, high-speed steel, etc. ‘In particular, a substrate
may include at least any one of a cemented carbide, cermet ceramic and a
sintered body of cubic boron nitride. The substrate may also consist of any
one of a cemented carbide, cermet, ceramic and a sintered body of cubic
boron nitride. A substrate consisting of any one of a cemented carbide.
cermet, ceramic and a sintered body of cubic boron nitride is preferred with

respect to the point of having excellent wear resistance and fracture

resistance.

The surfaces of such substrates may be modified. For instance, in
the case of a substrate made of a cemented carbide, a B-free layer may be
formed on a surface thereof, and in the case of a substrate made of cermet. a

surface hardened layer may be formed thereon. Even if a substrate surface
has been modified in this way, the effect of the present invention is still

provided.
<Coating layer>

In the present invention, a “coating layer” preferably has an average

thickness of from 3 um or more to 30 um or less. If the coating layer has a

thickness of less than 3 um, this may lead to inferior wear resistance. |If the

coating layer has a thickness of over 30 um, this may lead to degraded
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adhesion between the coating layer and the substrate or degraded fracture
resistance of the coated cutting tool. The coating layer preferably has, in

particular, a thickness of from 3 um or more to 20 um or less. The coating

layer may consist of a single layer but preferably consists of multiple layers.

<a-type aluminum oxide layer>

A coating layer according to the present invention includes at least
one aluminum oxide layer. The crystal type of such aluminum oxide layer
may be a type (i.e., trigonal crystal). Here, as to a polished surface of the
a-type aluminum oxide layer substantially parallel to the substrate surface. an
angle formed by the normal of the polished surface and the normal of a (222)
plane of a particle of the a-type aluminum oxide layer is regarded as a ‘
misorientation. Further, in the polished surface, the areas of particles, each
of which has a misorientation ranging from 0 degrees or more to 90 degrees
or less, of the a-type aluminum oxide layer is regarded as 100 area%. Here,
such areas of particles, each of which has a misorientation ranging from 0
degrees or more to 90 degrees or less, of the a-type aluminum oxide layer
are divided into respective 10-degree pitches. For instance, when a particle

has a misorientation of from 20 degrees or more to below 30 degrees, the

area of such particle in the polished surface is treated as an area which
Involves the range of misorientation of from 20 degrees or more to below 30
degrees. As aresult, as to the a-type aluminum oxide layer in the coating

layer, the total Sa of the areas of particles each of which has a misorientation
ranging from 20 degrees or more to below 30 degrees is at a maximum from
among the totals of areas for nine divisions. As can be seen from the above,

the a-type aluminum oxide layer is formed such that particles each of which

v



[0025]

CA 02938014 2016-07-26

has a misorientation of from 20 degrees or more to below 30 degrees are
dominant, whereby fracture resistance (including Chipping resistance) of a
coated cutting tool is not degraded while wear resistance can be enhanced.
The (222) plane of an a-type aluminum oxide particle (i.e., a crystal grain) is a
slip plane, and this indicates that the slip plane is a surface that becomes
more parallel to the substrate as the misorientation approaches 0 degre_es.
Accordingly, when the ratio of particles each of which has a misorientation
ranging from O degrees or more to below 10 degrees increases, it can be
considered that excelient chipping resistance and fracture resistance are
achieved while resistance against abrasive wear (i.e., wear resistance) is
degraded. Meanwhile, when particles each of which has a misorientation
ranging from 20 degrees or more to below 30 degrees are dominant in the
a-type aluminum oxide layer, resistance against abrasive wear can be
enhanced while keeping chipping resistance and facture resistance. The
(222) plane of a-type aluminum oxide is represented based on rhombohedral-
axes. When the way of placing axes representing crystal planes and such
crystal planes are represented based on hexagonal axes, the (222) plane can

be indicated as a (006) plane.

In an a-type aluminum oxide layer according to the present invention.
assuming that a total of the areas of particles, each of which has a

misorientation ranging from 20 degrees or more to below 30 degrees, is Sa,

25 area% < Sa < 70 area% is preferred. This is preferred in that wear

resistance can be suitably enhanced without degrading fracture resistance.
When the total Sa of the areas of particles, each of which has a

misorientation ranging from 20 degrees or more to below 30 degrees,

8
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constitutes less than 25 area%, particles each of which has a misorientation
ranging from O degrees or more to below 10 degrees or particles each of
which has a misorientation ranging from 30 degrees or more are highly
dominant in the a-type aluminum oxide layer, resulting in wear resistance or
fracture resistance tending to be degraded. On the other hand it is
substantially difficult to increase the total Sa of the areas of particles, each of

which has a misorientation ranging from 20 degrees or more to below 30

degrees, so as to constitute over 70 area%.

[0026] In an a-type aluminum oxide layer according to the
present invention, assuming that a total of the areas of particles, each
of which has a misorientation ranging from 0 degrees or more to below
10 degrees, in the polished surface, is Sb, 10 area% < Sb < 20 area%
s preferred. When the total Sb of the areas of particles, each of which
has a misorientation ranging from 0 degrees or more to below 10
degrees, constitutes less than 10 area%, coating cracking or peeling off
will be increased, which may invite degraded chipping resistance or
fracture resistance. When the total Sb of the areas of particles, each
of which has a misorientation ranging from 0 degrees or more to below
10 degrees, constitutes over 20 area%, which may lead to degraded

resistance against abrasive wear, namely, wear resistance.

An a-type aluminum oxide layer according to the present invention
preferably has an average thickness of from 1 um or more to 15 um or less.
If the a-type aluminum oxide layer has an average thickness of less than 1
Mm, crater wear resistance may be degraded in the flank, and if the a-type

aluminum oxide layer has an average thickness of over 15 um, peeling off will

easlly occur, which may lead to degraded fracture resistance.
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A polished surface of an a-type aluminum oxide layer refers to a
surface of an a-type aluminum oxide layer obtained by polishing a coated
cutting tool, in a direction substantially parallel (preferably, parallel) to the
substrate surface until such a-type aluminum oxide layer appears. At this
time, such polished surface is preferably obtained in a position where. in the
direction of the thickness of the coating layer, 50% or higher of the average
thickness of the a-type aluminum oxide layer is left. More preferably, such
polished surface may be obtained in a position where, in the direction of the
thickness of the coating layer, from 50% or higher to 90% or lower of the
a-type aluminum oxide layer is left. In particular, the polished surface may
be a mirror finished surface. Examples of a method of obtaining a mirror
polished surface of an a-type aluminum oxide layer can include a polishing
method with the use of diamond paste or coIIo.idaI silica and ion milling.
However, the present invention encompasses a coated cutting tool having
the above-described feature not only in a polished surface but also in a
cross-sectional surface, which is formed by various methods, of an a-type

aluminum oxide layer.

Regarding the area as to the orientation of each particle, a
cross-sectional surface of the a-type aluminum oxide layer, preferably a
polished surface thereof, is prepared, and such area can then be measured
using an electron backscatter diffraction pattern apparatus (EBSD) attached
to a scanning electron microscope (SEM), a field emission scanning electron
microscope (FE-SEM), etc. An EBSD is used to determine the crystal
orientation of each particle (i.e., a crystal) of the a-type aluminum oxide layer,

and the area of the particle, in the polished surface, whose crystal orientation

10
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has been determined, is treated, depending on the misorientation. as an area
for any of nine divisions in respective 10-degree pitches which cover the
range of misorientation of from 0 degrees or more to 90 degrees or less,

whereby the area ratio can be obtained regarding each of such misorientation

divisions.

[0030] More specifically, such area ratio can be obtained by the following
method. A sample having a polished surface of an a-type aluminum oxide
layer is set on an FE-SEM, and the sample is then irradiated with an electron
beam at an angle of incidence of 70 degrees as well as at an acceleration
voltage of 15 kV and an irradiation current of 0.5 nA. Measurement is
desirably performed under the EBSD settings of a measurement range of 30

um x 50 um and a step size of 0.1 um.
[0031] <Ti compound layer>

In addition to the above a-type aluminum oxide layer, a coating layer
according to the present invention may include at least one Ti compound
layer. The Ti compound layer is preferably provided so as to achieve

enhanced wear resistance. The Ti compound layer may be formed, as a

lower layer, between the substrate and the a-type aluminum oxide layer, and
alternatively or additionally, the Ti compound layer may be formed, as an
upper layer, outside of the a-type aluminum oxide layer. In particular, the Ti
compound layer is preferably formed on the substrate surface because the
adhesion between the substrate and the coating layer is enhanced. Further,
the Ti compound layer is preferably formed on the outermost layer of the
coating layer because it becomes easy to identify a spent corner (i.e., a spent

cutting edge) of the cutting tool.  For instance, TiN represents yellowish color,

11
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and, while it is being used, a change occurs at least in the gloss. The T
compound layer refers to a compound layer including a Ti element, as an
essential component thereof, and at least one element selected from the
group consisting of C, N, O and B.  For instance, the Ti compound layer may
consist of at least one element out of TiC, TiN, TiCN. TiCO. TiCNO and TiBo.
The Ti compound layer may also include at least one element as (an)
optional element(s), selected from the group consisting of Zr, Hf, V, Nb. Ta.

Cr, Mo, W, Al and Si.

The average thickness of a Ti compound layer according to the
present invention is preferably from 2 yum or more to 15 um or less. This is
because, when the average thickness of the Ti compound layer is less than 2
Um, the wear resistance tends to be decreased, and on the other hand,
because, when the average thickness of the Ti compound layer is over 15 um,
the fracture resistance tends to be decreased. It should be noted that, when
the Ti compound layer is formed so as to serve as each of the lower layer and
the upper layer, the average thickness of the Ti compound layer refers to the
total of the average thicknesses of the lower layer and the upper layer.

Further, for instance, when multiple Ti compound layers are formed so as to
serve as the lower layer, the total of the thicknesses of such multiple layers

can be included in the thickness of the Ti compound layer.
[Method of forming a coating layer]

Examples of a method of forming layers that constitute a coating layer
In a coated cutting tool according to the present invention include the method

set forth below.

12
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For instance, a TiN layer can be formed by chemical vapor deposition
with a raw material gas composition of TiCls: from 5.0 mo!% or more to 10.0

mol% or less, Na: 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 350 hPa or lower.

A TICN layer can be formed by chemical vapor deposition with a raw
material gas composition of TiCls: from 10 mol% or more to 15 mol% or less,
CH3CN: from 1 mol% or more to 3 mol% or less, N»>: 0 mol% or more to 20
mol% or less and Ha: the balance, a temperature of from 850°C or higher to

920°C or lower, and a pressure of from 60 hPa or more to 80 hPa or less.

A TiC layer can be formed by chemical vapor deposition with a raw
material gas composition of TiCls: from 1.0 mol% or more to 3.0 mol% or less.
CH4: 4.0 mol% or more to 6.0 mol% or less and H,: the balance, a
temperature of from 990°C or higher to 1,030°C or lower, and a pressure of

from 50 hPa or higher to 100 hPa or lower.

A TIAICNO layer can be formed by chemical vapor deposition with a

raw material gas composition of TiCls: from 3.0 mol% or more to 5.0 mol% or

less, AlCls: from 1.0 mol% or more to 2.0 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
Ha: 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.

A TIAICO 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, AlCl3: from 3.0 mol% or more to 5.0 mol% or less; CO: from 2.0 mol% or

more {0 4.0 mol% or less and Hy: the balance, a temperature of from 975°C
13
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or higher to 1,025°C or lower, and a pressure of from 60 hPa or higher to 100

hPa or lower.

A TICNO layer can be formed by chemical vapor deposition with a
raw material gas composition of TiCls: 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 Hj: 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

nPa or lower.

A TICO layer can be formed by chemical vapor deposition with a raw
material gas composition of TiCls: 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 Hs: 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.

A coated cutting tool according to the present invention which
Involves the controlled distribution of areas of particles of an a-type aluminum
oxide layer based on the misorientation divisions can be obtained by, for

example, the method set forth below.

A method for obtaining a coating layer of a coated cutting tool in the
present invention includes roughly three steps. Firstly, a Ti compound layer
consisting of a single layer or multiple layers is formed, as a lower layer, on a
substrate surface of a coated cutting tool by, for example, the
above-described method (first step). Next, two kinds of nuclei of aluminum

oxide are formed on a surface of the Ti compound layer (second step).

Then, an a-type aluminum oxide layer is formed in the state in which such

14
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nuclel have been formed (third step). Further, a Ti compound layer may be

formed as an outermost layer (fourth step).

The two kinds of nuclei of aluminum oxide are a nucleus formed at a
relatively high temperature (hereinafter referred to as the first nucleus) and a
nucleus formed at a temperature lowér than that for the first nucleus
(hereinafter referred to as the second nucleus). Although the first nucleus,
being one of the two kinds of nuclei of aluminum oxide, will be described
below in detail, the first nucleus can be formed with a small amount of CsHs
gas caused to flow at a high temperature (first predetermined temperature).
When an a-type aluminum oxide layer is formed in the state in which the first
nucleus has been formed, then, particles each of which has a misorientation
ranging from 80 degrees or more to 90 degrees or less can be obtained.
The second nucleus, being the other type of nucleus of aluminum oxide, can
be formed with a small amount of CH4 gas caused to flow at a low
temperature (second predetermined temperature). When an a-type
aluminum oxide layer is formed in the state in which the second nucleus has
been formed, then, particles each of which has a misorientation ranging from

O degrees or more to below 10 degrees can be obtained. It should be noted
that the second predetermined temperature is lower than the first

predetermined temperature.

In particular, on the surface of the Ti compound layer, the

above-described two kinds of nuclei of aluminum oxide are formed so as to
be mixed each other, and an a-type aluminum layer is formed at a formation
rate slower than that involved under conventionally-known conditions,

whereby the total Sa of the areas of particles, each of which has a

15
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misorientation ranging from 20 degrees or more to below 30 degrees, can be
at a maximum among the nine ranges. It should be noted that the rate of
formation of an a-type aluminum oxide layer under the conventionally-known
conditions is from 0.8 um/h or higher to 1.2 um/h or lower, and the intended
rate of formation under the conventionally-known conditions is 0.4 um/h or
higher to 0.7 um/h or lower. More specifically, a-type aluminum oxide
particles of the present invention can be obtained by the steps set forth
below. It should be noted that steps (A) and (B) below are included in the
above-described second step, and step (C) below corresponds to the '

above-described third step.

In step (A), the first nucleus of aluminum oxide (hereinafter referred to
as Al203) 1s formed.  Such first nucleus of Al,O; is formed by chemical vapor
deposition with a raw material gas composition of: AICls:from 2.1 moi% 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, H,S: from 0.28 mol% or
more to 0.45 mol% or less, C3zHg: from 0.05 mol% or more to 0.2 mol% or less
and Hz: the balance, a temperature of from 920°C or higher to 950°C or lower.

and a pressure of from 60 hPa or higher to 80 hPa or lower.

In step (B), the second nucleus of Al,O5. which is different from the
first nucleus already formed in step (A), is formed. Such second nucleus of
Al>O; is formed by chemical vapor deposition with a raw material gas
composition of: AlCl3: from 2.1 mol% or more to 5.0 mol% or less, CO,: from
2.5 mol% or more to 4.0 mol% or less, CO: from 0.5 mol% or more to 1'.0
mol% or less, HCI: from 2.0 mol% or more to 3.0 mol% or less. H,S: from

0.28 mol% or more to 0.45 mol% or less, CH,: from 0.05 mol% or more to 0.2

16
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mol% or less and H;: the balance, a temperature of from 850°C or higher to
900°C or lower, and a pressure of from 60 hPa or higher to 80 hPa or lower.

If the temperature at which the second nucleus of Al,O3 is 890°C or higher,
the total Sb of the areas of particles, each of which has a misorientation
ranging from O degrees or more to below 10 degrees may constitute less than
10 area%, the temperature under the conditions of forming the second
nucleus preferably ranges from 850°C or higher to 880°C or lower. Through
step (B), the first nucleus and the second nucleus are formed on the Ti

compound layer while being in a mixed state.

In step (C), an a-type aluminum oxide layer (hereinafter referred to as
the a-type Al,O3 layer) is formed. This step includes growing the first
nucleus and the second nucleus obtained by step (A) and step (B). Such
a-type Al,O3 layer can be formed by chemical vapor deposition with a raw
material gas composition of. AICl3: from 2.1 mol% or more to 2.5 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, H,S: from 0.15 mol% or more to 0.25 mol% or less
and Hy: the balance, a temperature of from 850°C or higher to 920°C or lower,

and a pressure of from 30 hPa or higher to 50 hPa or lower.

It should be noted that, if the AICI; in steps (A) and (B), each in which
a nuclet of Al,O3 is formed, is at 2.2 mol% or lower, the total Sa of the areas
of particles, each of which has a misorientation ranging from 20 degrees or
more to below 30 degrees, of the a-type Al,O; layer is inclined to constitute

less than 25 area%. Therefore, the concentration of AlCl; preferably ranges

from 2.7 mol% or more to 5.0 mol% or less so as to provide sufficient leeway.
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The thickness of each layer can be measured from a cross-sectional
structure of the coated cutting tool, using an optical microscope, a scanning
electron microscope (SEM), a field emission scanning electron microscope
(FE-SEM), etc. It should be noted that, as to the thickness of the coated
cutting tool, the thickness of each layer is measured, at three or more
locations, at the position approximately 50 um off from the edge (i.e., the
cutting edge) toward the rake surface or the flank of the coated cutting tool,
and the average value of the resultant measurements may be obtained.
More specifically, the thickness may be measured in a region at a distance of
approximately 50 um from the rake-surface-side boundary of the cutting edge
toward the rake surface of the coated cutting tool, and alternatively, the
thickness may be measured in a region at a distance of approximately 50 um
from the flank-side boundary of the cutting edge toward the flank of the

coated cutting tool.

The composition of each layer can be measured from a
cross-sectional structure of a coated cutting tool of the present invention.
using an energy-dispersive X-ray spectroscope (EDS), a
wavelength-dispersive X-ray spectroscope (WDS), etc. Further, the a-type
aluminum oxide layer may in particular have the a.bove configuration
concerning the (222) plane in a predetermined region located approximately
50 um off the edge (cutting edge) toward the rake surface or the flank of the

coated cutting tool. The predetermined region can be defined in any
position and/or in any range and may also be defined in the rake surface or
the flank. The predetermined region may have, for example, a range of 100

um X 100 uym, and preferably 30 um x 50 um. In particular, the above
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configuration concerning the (222) plane may be included in a predetermined
region which is substantially parallel to the substrate surface and which
extends in a position where at least 50% of the a-type aluminum oxide layer
Is left. More specifically, this predetermined region may be defined in a
cross-sectional surface formed in a region A of Fig. 1 described below,

preferably a polished surface.

Examples

[0051] Although the present invention will now be described below with

examples, the present invention is not limited to such examples.

[0052] As to the thickness of each layer of a sample, the cross section of a
part near the position approximately 50 um off from the edge of a coated
cutting tool (e.g., a cutting insert) toward the rake surface was measured at
three locations using an FE-SEM, and the average of the resultant
measurements was obtained. Further explanation will now be made with
reference to Fig. 1. Fig. 1 is a schematic cross-sectional view showing a
part near an edge of a coated cutting tool. In Fig. 1, reference symbol “2”
denotes an edge, namely, a cutting edge, reference symbol “4” denotes a
rake surface, reference symbol “6” denotes a flank, reference symbol “10”
denotes a substrate, and reference symbol “12” denotes a coating layer.
The cutting edge 2 has a substantially arc-shaped cross-sectional surface.

In the region A, which is approximately 50 um off the rake-surface 4 side
boundary of the cutting edge 2 (see the broken line in Fig. 1) in the direction
of the rake surface 4, the cross section which extends in the thickness

direction of the coating layer (i.e., the direction perpendicular to a surface of
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the substrate 10) was obtained, and the thickness of each layer of the sample

was measured.

Areas of the particles of the a-type Al,O; layer of an obtained sample

as to the misorientation divisions were measured using an EBSD attached to

an FE-SEM.

A cemented carbide cutting insert with a shape of JIS certified
CNMA120408 and a composition of 93.1WC-6.5C0-0.4Cr;C, (mass%) was
prepared as a substrate. The ridgeline portion of the cutting edge of such
substrate was subjected to round honing by means of a SiC brush, and the

substrate surface was then washed.

After the washing of the substrate surface, as to invention samples 1
to 10, the substrate was inserted into an external heating chemical vapor
deposition apparatus, and firstly, a lower layer (Ti compound layer), which
consists of the three layers indicated in Table 5, was formed in the order of
the first to third layers, as indicated in Tables 4 and 5. After the formation of
the lower layer, two kinds of nuclei of Al,O3 were formed under the conditions

shown in Table 1, and an a-type Al,O3 layer was formed on the substrate

surface so as to achieve the configuration of the coating layer and the
average thicknesses in Table 5, under the conditions shown in Tables 2 and
4. Thereafter, as to invention samples 1 to 8, an upper layer of TiN was

formed, as shown in Tables 4 and 5. Therefore, as shown in Fig. 2, with
regard to invention samples 1 to 8, the coating layer 12 was provided on the
substrate 10, the coating layer 12 includes a lower layer 14, which includes a
first layer 14a, a second layer 14b and a third layer 14c in order from the

substrate side, and an a-type Al,O3 layer 16 and an upper layer 18 were
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provided, in order, on the third layer 14c. With regard to invention samples 9
and 10, the upper layer 18 was not formed, differently from the coating layer
In invention samples 1to 8. Therefore, in the initial state, the upper layer 18
serves as the outermost layer in invention samples 1 to 8, and the Al,O; layer
16 serves as the outermost layer in invention samples 9 and 10. It should
be noted that Fig. 2 is a sectional schematic view of a part (corresponding to,
for example, the region A in Fig. 1) of an invention sample. A polished
surface of the a-type Al,Os layer 16 is, for instance, formed along a line L

substantially parallel to a surface 10a of the substrate 10.

After the washing of the substrate surface, as to comparative
samples 1 to 10, the substrate was inserted into an external heating chemical
vapor deposition apparatus, and firstly, a lower layer (Ti compound layer),
which consists of the three layers indicated in Table 5, was formed in the
order of the first to third layers, as indicated in Tables 4 and 5. After the
formation of the lower layer, a nucleus of Al,O; was formed under the
conditions shown in Table 3, and an a-type Al,O, layer was formed on the
substrate surface so as to achieve the configuration of the coating layer and

the average thicknesses in Table 5, under the conditions shown in Table 4.
Thereafter, as to comparative samples 1 to 8, an upper layer of TiN was

formed, as shown in Tables 4 and 5.
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[Table 1]
Step A
Sample No. Tem?%r;a ture Pr(isps;re Material Composition (mol%)
Invention 920 720 AlCl5:2.2%, C0»:3.3%, HCI:2.5%,
Example 1 H,S:0.3%, C3Hg:0.1%, H,:91.6%
Invention 920 50 AlCl3:2.7%, CO2:3.3%, HCI:2.5%.
Example 2 H,S:0.3%, C3Hg:0.1%, H,:91.1%
Invention 940 20 AlCi3:2.7%, C0O,:3.3%, HCI:2.5%,
Example 3 _ H>5:0.3%, C3Hg:0.1%, H5:91.1%
Invention 940 70 AlCl3:2.7%, C0O,:3.3%, HCI:2.5%,
Example 4 H,S:0.3%, C3Hs:0.1%, H,:91.1%
Invention 950 20 AICl5:2.7%, C0O,:3.3%, HCI:2.5%,
Example 5 H,S5:0.3%, C3H6:0.1%, H,:91.1%
Invention 950 20 AlCl3:2.7%, C0O,:3.3%, HCI:2.5%,
Example 6 H,S:0.3%, C3Hs:0.1%, H5:91.1%
Invention 940 20 AlCl3:2.2%, CO,:3.8%, HCI:2.5%,
Example 7 H,S:0.3%, CsHg:0.1%, H,:91.1%
Invention 940 -0 AlCl3:4.7%, CO,:3.3%, HCI:2.5%,
Example 8 H,S:0.3%, C3Hg:0.2%, H,:89.0%
Invention 940 70 AlCIl3:2.7%, CO,:2.8%, HCI:2.5%,
Example 9 H>S:0.3%, CsHg:0.1%, H,:91.6%
Invention 940 30 AlCI5:2.7%, CO2:3.3%, HCL:2.5%,
Example 10 H,5:0.3%, C3H6:0.1%, H,:91.1%
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Step B
Sample No. Tem(;z%r;a ture Pr(iTDs:)re Material Composition (mol%)
Invention 850 20 AlCl3:2.2%, C0O,:3.3%, CO:0.7%, HCI:2.5%,
Exampie 1 H»5:0.3%, CH4:0.1%, H,:90.9%
Invention 850 50 AlCl3:2.7%, C0O2:3.3%, CO:0.7%, HCI:2.5%
Example 2 H,S5:0.3%, CH4:0.1%, H,:90.4%
Invention 900 70 AlCl3:2.7%, CO,:2.8%, CO:0.7%, HCI:2.4%
Example 3 H,S:0.3%, CH4:0.2%, H,:90.9%
Invention 880 -0 AlCl3:2.7%, C0O,:3.3%, CO:0.7%, HCI:2.5%,
Example 4 H,S:0.3%, CH,4:0.1%, H,:90.4%
Invention 870 70 AlCI3:2.7%, CO,:3.3%, CO:0.7%, HCI:2.5%.
Example 5 H,S:0.3%, CH4:0.1%, H,:90.4%
Invention 900 70 AlCI3:2.7%, CO,:3.3%, CO:0.7%, HCI:2.5%,
Example 6 H25:0.3%, CH4:0.1%, H,:90.4%
Invention 870 20 AlCl5:2.7%, C0O,:3.3%, CO:0.7%, HCI:2.5%,
Example 7 H,S5:0.3%, CH,4:0.1%, H,:90.4%
Invention 890 20 AlCl3:4.7%, C0O,:3.3%, CO:0.7%, HCI:2.5%,
Example 8 . H,S:0.3%, CH,:0.1%, H,:88.4%
Invention 870 70 AlCL:2.7%, CO,:2.8%, CO:0.7%, HCI:2.4%.
Example 9 H,S:0.3%, CH4:0.2%, H,:90.9%
Invention 900 80 AlCl3:2.7%, CO,:3.3%, CO:0.7%, HCI:2.5%,
Example 10 H,S:0.3%, CH4:0.1%, H,:90.4%

23




[0058]

CA 02938014 2016-07-26

[Table 2]
Step C
Sample No. | Temperature | Pressure : "
(°C) (hPa) Material Composition (mol%)
Invention 850 50 AlCI3:2.5%, CO,:3.3%, HCI:2.5%
Example 1 H28025%, H>:91.45%
Invention AlCl3:2.5%, C0O,:3.3%, HCI:2.5%
900 50 ’ | |
Example 2 H,5:0.25%, H,:91.45%
Invention 990 30 AlCl5:2.1%, C0,:3.3%, HCI:2.5%.
Example 3 H,S:0.2%, H»:91.9%
Invention AlCl3:2.3%, C0O,:3.3%, HCI:2.5%
920 50 | | |
Example 4 H,5:0.2%, H,:91.7%
Invention 920 50 AlCI3:2.3%, CO,:3.3%, HCI:2.5%,
Example 5 H,S:0.2%, H2:91.7%
Invention AlCl3:2.3%, C0O,:3.3%, HCI:2.5%
920 50 ’ ’ ’
Example 6 H,S:0.2%, H5:91.7%
Invention 920 50 AlCI3:2.3%, C0O,:3.3%, HCI:2.5%,
Example 7 H,5:0.2%, H,:91.7%
Invention 990 50 AlCI5:2.3%, CO,:3.3%, HCI:2.5%,
Example 8 H,S:0.2%, H,:91.7%
Invention 990 50 AlCl3:2.3%, CO,:3.3%, HCI:2.5%,
Example 9 H,S:0.2%, H,:91.7%
Invention AlCl3:2.3%, C0,:3.3%, HCI:2.5%
920 50 ’ ’ ’
Example 10 H,S:0.2%, H5:91.7%
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[Table 3]
Nucleus of Al,O;
Sample No. | Temperature | Pressure . ..
(°C) (hPa) Material Composition (mol%)
Comparative AlCl3:2.7%, CO,:3.3%, HCI:2.5%
Example 1 1000 70 H,S:0.3%, CsHg:0 1°/’ H,:91 1°/’
2V .U, 0, wi3llg. V. 0, I'o. , 0
Comparative 1000 50 AlCl3:2.7%, CO,:3.3%, HCI:2.5%,
Example 2 H,S5:0.3%, C3Hg:0.1%, H»:91.1%
Comparative 1000 70 AlCI3:2.7%, CO,:3.3%, HCI:2.5%,
Example 3 H2810.30/0, C3H5:0.1%, H2:91 A%
Comparative 1000 20 AlCIl3:2.7%, CO,:3.3%, HCI:2.5%,
Example 4 H.S:0.3%, CsHg:0.1%, H,:91.1%
Comparative 900 70 AlCI3:2.7%, CO,:3.3%, CO:0.7%, HCI1:2.5%,
Example 5 H,S:0.3%, CH4:0.1%, H,:90.4%
Comparative 900 20 AlCl3:2.7%, CO,:3.3%, CO:0.7%, HCI:2.5%,
Example 6 H,S:0.3%, CH4:0.1%, H,:90.4%
Comparative 870 70 AlCI3:2.7%, CO,:3.3%, CO:0.7%, HCI:2.5%,
Example / H2830.30A), CH4:0.10/0, H2:90.40/0
Comparative 870 20 AlCl3:4.7%, CO,:3.3%, CO:0.7%, HCI:2.5%,
Example 8 H,S:0.3%, CH,4:0.1%, H,:88.4%
Comparative 870 70 AlCl3:2.7%, CO,:2.8%, CO:0.7%, HCI:2.4%,
Example 9 H,S:0.3%, CH4:0.2%, H,:90.9%
Comparative 870 30 AlCI3:2.7%, C0O,:3.3%, CO:0.7%, HCI:2.5%,
Example 10 H,S:0.3%, CH4:0.1%, H,:90.4%
[Table 4]
Lai/(:t'll'nygpe Tem(rf’ecr;:i ture Pl;i;s;)re Material Composition (mol%)
_ 0 . 0 . o)
a-type Al,O4 1000 70 AIC!3.2H72§:,O%C3/§.3H2.§; I-zigjol.Z.S %0,
TIN 900 400 TiCls:7.5%, N,:40%, H,:52.5%
~TiC 1000 75 TiCly:2.4%, CH4:4.6%, H,:93%
TiCN 800 I4s T1C14:3.0%, CH3CN:0.3%, H,:96.7%
TICNO 1000 100 TiCl4:3.5%, CO:0.7%, N»:35.5%, H,:60.3%
. TICI14:3.8%, AICI3:1.5%, CO:0.7%,
Llal 1000 100 N,:35.2%. H,:58.8%
TiCO 1000 80 TiCl4:1.3%, CO:2.7%, H,:96%
TIAICO 1000 80 TiCl4:1.1%, AlCI5:3.9%, C0O:2.8%, H,:92.2%
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[Table 5]
Coating Layer
Lower Layer Ti Compound Layer
Samble No First Layer Second Layer Third Layer
P ' Average Average Average
Composition | Thickness | Composition | Thickness | Composition | Thickness
Invention TiN 0.3 TiCN 7 TiCNO 1
Example 1
invention N 0.2 TiCN 25 | TICNO | 0.3
Example 2
Invention TiN 1 TiCN 18 TIiCNO 1
Example 3
Invention TiN 1 TiCN 5 TICNO L
Example 4
Invention TiN 03 TiCN 10 TICNO 1
Example 5
Invention TiN 03 TiCN 13 TiCNO 1
Example 6
Invention TiN 0 3 TiCN 7 TIAICNO 1
Example 7
Invention TN 03 TiCN 7 TiCNO 1
Example 8
Invention TiC 0.3 TiCN 7 TiCO 1
Example 9
Invention TN 0.3 TiCN 5 TIAICNO | 0.5
Example 10
Comparative TiN 0.3 TiCN 7 TiCNO {
Example 1
Comparative TiN 0.3 TiCN 7 TiICNO 1
Example 2
Comparative TiN 0.3 TICN V4 TICNO 1
Example 3
Comparative TiN 03 TiCN 5 TiCNO 1
Example 4
Comparative TiN 03 TiCN 7 TICNO 1
Example §
Comparative TiN 03 TiCN 7 TICNO K
Example 6
Comparative TiC 02 TiCN 1 TiICNO 03
Example 7
Comparative TiN 03 TiCN 20 TICNO 0.7
Example 8
Comparative TiN 0.2 TiCN 7 TiCNO 0.3
Example 9
Comparative| -\ 0.3 TiCN 10 TICNO 0.3
Example 10 .
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Coating Layer

Sample No. - a-type ,c'.\|2;)3 t. Upper Layer Total
T verage ormation Composition .Average Thickness
ickness (um) | Rate (um/h) Thickness (um) (Hm)
Invention '
Example 1 159 04 N - o
Invention 2 5 06 TiN 0.7 6.2
Example 2
Invention 10 05 TiN 0.2 30.2
Example 3
Invention 5 07 TiN 0.2 12.2
Example 4
Invention 5 07 TiN 0.3 16.6
Example 5
Invention 5 07 TiN 03 19.6
Example 6
Invention 5 07 TiN 0.3 13.6
Example 7
Invention 10 07 TiN O 2 18.5
Example 8
Invention
Example 9 10 0.7 _ _ 153
Invention
Exampie 10 15 07 - - 0
Comparative 5 1 1 TiN 0.3 13.6
Example 1
Comparative 5 1.1 TiN 0.2 13.5
Example 2
Comparative 1 11 TiN 03 9.6
Example 3
Comparative 10 1 1 TiN 0.3 16.6
Example 4
Comparative 1 11 TiN 0.3 0.6
Example 5
Comparative 5 11 TiN 0.2 13.5
Example 6
Comparative 5 11 TiN 0.3 6.8
Example 7
Comparative 5 11 TiN 0.3 26.3
Example 8
Comparative 10 1 1 ) - 17.5
Example 9
Comparative
Example 10 1 11 - - =5
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[0062] The polished surface of the a-type Al,O3 layer of an obtained coated
cutting tool was observed with an FE-SEM, and the totals of the areas of
particles as to the misorientation divisions were measured using an EBSD

attached to the FE-SEM. The measurement results are shown in Table 8.

[0063] Measurement was performed by: setting a sample provided with a
polished surface of an a-type Al,O3 layer on an FE-SEM, irradiating the
sample with an electron beam at an incident angle of 70 degrees as well as at
an acceleration voltage of 15 kV and an irradiation current of 0.5 nA: and
employing the EBSD settings of a measurement range of 30 um x 50 um and
a step size of 0.1 um. The areas of particles of the a-type Al,O3 layer in the
measurement range were assumed to serve as a total sum of pixels
corresponding to such areas. In the case of a stép size of 0.01 um, the area
per pixel should be 0.0065 um?  That is, the areas of the particles of the
a-type Al,O3 layer as to the misorientations were obtained by totaling the

pixels as to the misorientations and converting the resuitant total into areas.
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Total Area of Particles of a-type Al,O; Layer as to Misorientations (area%)

Sample No.
0° to below | 10° to below | 20° to below | 30° to below | 40° to below
10° 20° 30° 40° 50°
nvention 14 11 23 14 13
Example 1
nvention 11 17 26 15 12
Example 2
nvention 5 23 27 18 16
Example 3 |
Invention
Example 4 11 11 32 17 8
nvention 16 8 33 15 10
Example 5
Invention 5 20 30 15 9
Example 6
invention 10 15 35 10 6
Example 7
Invention 5 10 54 14 5
Example 8
invention 12 10 42 15 10
Example 9
Invention
Example 10 . ! oe 8 >
Comparative 8 6 3 11 v
Example 1
Comparative v 3 6 10 v
Example 2
Comparative 5 > 5 9 g
Example 3
Comparative 1 3 1 4 9
Example 4
Comparative 30 75 18 v 5
Example 5
Comparative 35 12 14 8 5
Example 6
Comparative 38 15 11 5 .
Example 7
Comparative 40 59 8 8 3
Example 8
Comparative 49 16 v 5 v
Example 9
Comparative
Example 10 pe 10 . ! v
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[ Table 6]-continued

Total Area of Particles of a-type Al,O; Layer as to Misorientation Range
Misorientations (area%) which Involves Maximum
Sample No. .
50° to 60° to 70° to 80° to 90° Total Area of Particles of
below 60° | below 70° | below 80° a-type AlLO; Layer

NSO 5 4 5 10 20° to below 30°
Example 1
IYRILON 4 1 5 9 20° to below 30°
Example 2
AVaton 3 1 2 5 20° to below 30°
Example 3 -
invention 4 4 5 7 20° to below 30°
Example 4
invention 9 1 2 5 20° to below 30°
Example 5
nventiorn 4 5 4 8 20° to below 30°
Example 6
vention 5 2 5 11 20° to below 30°
Example 7
nventian 2 3 y 7 20° to below 30°
Example 8 |
IFVEIIOn 4 0 3 4 20° to below 30°
Example 9
invention 2 1 3 4 20° to below 30°

Example 10

Comparative| , , 15 15 16 80° to 90°
Example 1

Comparative| 4 18 16 20 80° to 90°
Example 2

Comparative| g 16 21 29 80° to 90°
Example 3

Comparative|  ,, 17 26 27 80° to 90°
Example 4

Lompareive 5 4 8 0° to below 10°
Example 5

omparativel 4 6 6 13 0° to below 10°
Example 6

Comparative 3 8 7 15 0° to below 10°
Example 7

Comparative| o 7 4 5 0° to below 10°
Example 8

Comparative| 4 2 5 5 0° to below 10°
Example 9

Comparative| 4 y 8 9 0° to below 10°

Example 10
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[0065] Cutting tests 1 and 2 were conducted using obtained samples (i.e.,

cutting inserts). Cutting test 1 is a test for evaluating wear resistance, and
cutting test 2 is a test for evaluating fracture resistance. The results of the

cutting tests are shown in Table 7.
[0066] [Cutting test 1]

Workpiece material: S45C round bar

Cutting rate: 300 m/min

Feed: 0.30 mm/rev

Depth of cut: 2.0 mm

Coolant: used

Evaluation items: A time when a sample was fractured or had a maximum
flank wear width of 0.2 mm was defined as the end of the tool life, and the
processing time to reach the end of the tool life was measured. It should be
noted that "normal wear” in Table 7 refers to a situation in which the

maximum flank wear width has reached 0.2 mm without any fracture.

Further, “chipping” refers to a situation in which a “minute chip” of less than

0.2 mm has appeared.

[0067] [Cutting test 2]

Workpiece material: S45C round bar with two equidistant grooves extending

In the length direction
Cutting rate: 250 m/min
Feed: 0.40 mm/rev

Depth of cut: 1.5 mm
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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. It should be noted that, as to each
sample, five cutting inserts were prepared and the number of shocks was
measured for each of such cutting inserts, and the average was obtained

from the measurements on the number of shocks so as to serve as the tool

life.
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[Table 7]
Cutting Test 1 Cutting Test 2
Sam p|e No. Wear Test Fracture Test
Tool Life (min.) | Damaged Shape | Tool Life (times) Damaged Shape
nvention 33 Normal Wear 20000 Normal Wear
Example 1 .
ERERTION 31 Normal Wear 18930 Fracture
Example 2
Invention L
Example 3 36 Chipping 15260 Fracture
invention 34 Normal Wear 17740 Fracture
Example 4
VTN 33 Normal Wear 19620 Fracture
Example 5
Saron 35 Normal Wear 16890 Fracture
Example 6
invention 34 Normal Wear 17200 Fracture
Example 7
Invention 39 Fracture 16210 Fracture
Example 8
TVErTon 37 Normal Wear 20000 Normal Wear
Example 9
Invention - '
xample 10 41 Chipping 16550 Fracture
Comparative .
ample 1 24 Chipping 12130 Fracture
Comparative o
o 2 29 Chipping 12210 Fracture
Comparative 15 Fracture 14900 Fracture
Example 3
Comparative 20 Fracture 8900 Fracture
Example 4 - '
Comparative 27 Normal Wear 17540 Fracture
Example 5
Comparative 26 Normal Wear 17020 Fracture
Example 6
Comparative 93 Normal Wear 18040 Fracture
Example 7
Comparative 24 Normal Wear 18570 Fracture
Example 8
Comparative 22 Normal Wear 20000 Normal Wear
Example 9
“Ompartive 24 Normal Wear 20000 Normal Wear
Example 10
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As shown in Table 7, in each invention sample, the tool life in cutting
test 1 was over 30 minutes, and the tool life in cutting test 2 was over 15,000
times. Thus, in the invention sampies, wear resistance was enhanced
without any reduction in fracture resistance (including chipping resistance).
This indicates that, compared with the comparative samples, the invention
samples each involve a longer processing time to reach the end of the tool
life and a larger number of times of shocks the tool receives until the end of

the tool life and therefore have a significantly longer tool life.

A coated cutting tool according to the present invention has excellent
wear resistance without any reduction in fracture resistance and thus its tool
life can be extended more than that involved in the prior art, and therefore,

such coated cutting tool has high industrial availability.

The present invention is not limited to the above-described
embodiments, modifications and examples. It should be appreciated that
various alterations and changes can be made to the present invention without
departing from the gist and scope of the invention defined in the claims. The
present invention encompasses all kinds of modifications, applications and

equivalents that are encompassed by the idea of the present invention

defined by the scope of the claims.
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CLAIMS

[Claim 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

INn a cross-sectional surface of the a-type aluminum oxide layer which is
substantially parallel to the surface of the substrate,

when an angle formed by a normal to the cross-sectional surface and a
normal to a (222) plane of a particle of the a-type aluminum oxide layer is regarded as
a misorientation, and '

when areas of particles, each of which has a misorientation ranging from 0
degrees or more to 90 degrees or less, of the a-type aluminum oxide layer are
defined as constituting 100 area%, and the areas of particles, each of which has a
misorientation ranging from 0 degrees or more to 90 degrees or less, of the a-type
aluminum oxide layer are divided into respective 10-degree pitches,

a total Sa of the areas of particles, each of which has a misorientation ranging
from 20 degrees or more to below 30 degrees, of the a-type aluminum oxide layer, In
the cross-sectional surface, is at a maximum from among totals of areas for nine

divisions in respective 10-degree pitches.

[Claim 2] The coated cutting tool according to claim 1, wherein the total Sa of
the areas of particles, each of which has a misorientation ranging from 20 degrees or

more to below 30 degrees, of the a-type aluminum oxide layer has a range of 25

area% < Sa < 70 area%.
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[Claim 3] The coated cutting tool according to claim 1 or 2, wherein a total Sb of

areas of particles, each of which has a misorientation ranging from O degrees or more

to below 10 degrees, of the a-type aluminum oxide layer has a range of 10 area% <

Shb € 20 area%.

[Claim 4] The coated cutting tool according to any one of claims 1 to 3, wherein

an average thickness of the a-type aluminum oxide layer is from 1um or more to 15

um or less.

[Claim 5] The coated cutting tool according to any one of claims 1 to 4, wherein
the coating layer comprises, between the substrate and the a-type aluminum oxide
layer, a TI compound layer containing a Ti compound of a Ti element and at least one

element selected from the group consisting of C, N, O and B.

[Claim 6] The coated cutting tool according to claim 5, wherein an average
thickness of the coating layer is from 3 um or more to 30 um or less, and an average

thickness of the Ti compound layer is from 2 ym or more to 15 um or less.

[Claim 7] The coated cutting tool according to any one of claims 1 to 6, wherein
the cross-sectional surface of the a-type aluminum oxide layer is defined with respect
to a predetermined region of a rake surface or a flank of the coated cutting tool and is
also defined in a position where at least 50% of the a-type aluminum oxide layer is left

In a thickness direction of the coating layer.
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[Claim 8] The coated cutting tool according to any one of claims 1 to 7, wherein

the cross-sectional surface of the a-type aluminum oxide layer is a polished surface.

[Claim 9] The coated cutting tool according to any one of claims 1 to 8, wherein
the substrate comprises any one of a cemented carbide, cermet, ceramics and

sintered body of cubic boron nitride.

[Claim 10] The coated cutting tool according to any one of claims 1 to 9, the
coated cutting tool being a cutting insert capable of being removably attached to a

tool body.
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DRAWINGS

[FIG.1]
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[FIG. 2)
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