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ABSTRACT

A composite sintered body according to the present invention contains at least
cubic boron nitride and a binder.  Cubic boron nitride has a continuous structure as a
result of bonding of a plurality of cubic boron nitride particles to each other. The
binder has a continuous structure as a result of bonding of a plurality of binder particles
to each other, that are present in a region except for a bonding interface where the cubic

boron nitride particles are bonded to each other.
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DESCRIPTION

Composite Sintered Body

Technical Field

The present invention relates to a composite sintered body containing at least
cubic boron nitride and a binder, and more specifically to a composite sintered body
particularly suitably used in an application such as a cutting tool.

Background Art

A high-hardness sintered body mainly composed of cubic boron nitride has
conventionally been used in an application such as a cuttiﬁg tool. Such a sintered body
is normally implemented by a composite sintered body containing cubic boron nitride
and a binder mainly aiming to maintain strengih of the former. For example, a sintered

body having a sea-island structure, in which cubic boron nitride particles (1slands) are

' dispersed in a continuous phase (sea) of the binder (Japanese Patent Laying-Open No.

53-077811 (Patent Document 1) and Japanese Patent Laying-Open No. 10-182242
(Patent Document 2)), has been known.

Such a sea-island structure has been adopted, aiming to promote a sintered state
of cubic boron nitride particles to thereby improve strength such as toughness, by not
allowing contact between the cubic boron nitride particles but separating the cubic

boron nitride particles from each other in order to avoid an unsintered state of cubic

boron nitride caused at a contact portion where the cubic boron nitnde particles
physically contact with each other.

On the other hand, as the cubic boron nitride particles do not come in contact
with each other but are separate from each other (that is, the structure is such that the
cubic boron nitride particles are present discontinuously), such an excellent

characteristic as high thermal conductivity specific to cubic boron nitride is not

sufficiently exhibited, which leads to problems such as insufficient heat resistance or low
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toughness.  Specifically, in the case that the sintered body is used in a cutting tool,

Increase 1n a temperature at a cutting edge cannot be suppressed during a cutting
process. Moreover, small cracking that originated in the sintered body develops in the
binder having low toughness, and chipping is more likely. Therefore, if the sintered
body 1s employed in the cutting tool used in interrupted cutting and high-efficiency
cutting such as heavy cutting and high-speed cutting, satisfactory tool life cannot
sufficiently be provided in some cases.

Meanwhile, various attempts to improve a composition of the binder 1n order to
solve the above-described problems of the sintered body have been proposed (Japanese
National Patent Publication No. 60-014826 (Japanese Patent Laying-Open No. 56-
069350, Patent Document 3), Japanese National Patent Publication No. 61-054857
(Japanese Patent Laying-Open No. 61-179847, Patent Document 4), ] apaneée National
Patent Publication No. 61-054858 (Japanese Patent Laying-Open No. 61-179848,
Patent Document 5), and Japanese Patent Laying-Open No. 05-287433 (Patent
Document 6)). These proposals seem to achieve some effect in improving toughness,
however, it has been difficult to drastically improve heat resistance, because the cubic
boron nitride particles are separate from each other and the structure is discontinuous.

Meanwhile, a sintered body in which a continuous structure of cubic boron

nitride particles is implemented by bonding the particles to each other has been known

~ (United States Patent No. 5639285 Specification (Patent Document 7)). In the

sintered body, as the cubic boron nitride particles exhibit the continuous structure, an

effect to improve heat resistance, that is, an effect to suppress increase in the
temperature at the cutting edge, can be expected to some extent. On the other hand, as
the binder is scattered discontinuously around the continuous structure of the cubic
boron nitride .particles, the sintered body is poor in chipping resistance or crater wear
resistance, and consequently it 1s poor 1n toughness.

It appears that such a defect is mainly attributed to difference in coefficient of

thermal expansion. between cubic boron nitride and the binder contained in the sintered
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body. Specifically, the cause is estimated as follows. When the cutting tool
employing the sintered body is exposed to a high temperature during the cutting process,
volume change occurs due to such temperature change (including not only temperature
increase but also subsequent cooling). Here, the variation in the volume is considerably
different between cubic boron nitride and the binder. Therefore, dissociation between
cubic boron nitride and the binder occurs, and consequently, the binder or the like tends
to separate from the sintered body.

Such a defect is particularly problematic in cutting a high-hardness material such
as quenched steel, because exposure of the cutting edge of the 'cutting tool to a mgh
temperature of 600°C or higher is more likely. In addition, improvement in
productivity has recently been demanded 1n a cutting process operation. With the

increase in a cutting speed or feed rate, the temperature at the cutting edge 1s often

raised to a temperature around 1000°C.  Solution of the problem described above has

thus been destred.

In addition, a cutting process of a part having a complicated shape has
increasingly been demanded. In high-efficiency cutting such as interrupted cutting
involved with more complicated shape, leaving and contact (catching) of the cutting
edge of the cutting tool from/with a work material is repeated, and the cutting edge 1s
rapidly cooled when the cutting edge leaves the work material. Accordingly, the
sintered body contained in the cutting edge portion experiences sudden temperature
change and stress change. Therefore, in high-ethiciency process or high-speed
interrupted cutting of the high-hardness steel that has recently been demanded, solution
of the problems as pointed out above has particularly been desired.

' Under the circumstances, 1t has been dernanded to highly attain improvement in
both heat resistance and toughness of the sintered body of the cubic boron nitride.
Various developments of means for meeting such a demand have been attained, however,
in these developments, study has been conducted on the premise that high strength 18

attained by firmly bonding the cubic boron nitride to the binder contained in the sintered
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body. Therefore, on the premise that more advantageaus bonding is obtained with a
greater contact area between cubic boron nitride and the binder, at least one of cubic
boron nitride and the binder has been implemented as a discontinuous structure instead
of the continuous structure, in order to increase the contact area.

Patent Document 1: Japanese Patent Laying-Open No. 53-077811

Patent Document 2: Japanese Patent Laying-Open No. 10-182242

Patent Document 3: Japanese Nattonal Patent Publication No. 60;014826
(Japanese Patent Laying-Open No. 56-069350)

Patent Document 4: Japanese National Patent Publication No. 61-054857
(Japanese Patent Laying-Open No. 61-179847) |

Patent Document 5: Japanese National Patent Publication No. 61-054858
(Japanese Patent Laying-Open No. 61-179848)

Patent Document 6: J apanese Patent Laying-Open No. 05-287433

Patent Document 7: United States Patent No. 5639285 Specification
Disclosure of the Invention
Problems to be Solved by the Invention

The present invention was made in view of the above-described situations. An

object of the present invention is to provide a sintered body of cubic boron nitride highly

attaining improvement in both heat resistance and toughness.

Means for Solving the Problems

The present inventors have fundamentally reexamined the conventional premise
that at least one of cubic boron nitride and the binder should be implemented as a
discontinuous structure in the composite sintered body containing cubic boron nitride.
As a result, the present inventors have conceived that both heat resistance and toughness
may be improved if both of cubic boron nitride and the binder are implemented as the

continuous structures. The present invention was completed based on this concept and

further study.

A composite sintered body according to the present invention contains at least
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cubic boron nitride and a binder. Cubic boron nitride has a continuous structure as a
result of bonding of a plurality of cubic boron nitride particles to each other. The
binder has a continuous structure as a result of bonding of a plurality of binder particles
to each other, that are present in a region except for a bonding interface where the cubic
boron nitride particles are bonded to each other.

Preferably, the binder at least contains at least one of a compound and a solid

solution of any one element or two or more elements of Ti, Zr, Hf, V, and Cr and any

one element or two or more elements of nitrogen, carbon, boron, and oxygen, and an

aluminum compound.

The binder may be present at the bonding interface where the cubic boron nitride
particles are bonded to each other at existence probability of at most 60%, and the
binder may be present as a part of the continuous structure as a result of its continuity to
the continuous structure of the binder particles or as a discontinuous structure 1solated
from the continuous structure of the binder particles.

The binder may have composition containing at least Ti or Al at the bonding
interface where the cubic boron nitride particles are bonded to each other.

The binder may not be present at the bonding interface where the cubic boron
nitride particles are bonded to each other.

The composite sintered body may have transverse rupture strength after acid
treatment of at least 1gf/mm? to at most 70kgf/mm?

In the composite sintered body, preferably, a compound other than cubic boron
nitride and Al,Os is not substantially detected in X-ray diffraction measurement after
acid treatment.

The cubic boron nitride may be contained in the composite sintered body by at

least 60 volume % to at most 85 volume %, and the cubic boron nitride particle may

have an average particle size of at least 2um to at most 10pum.

Preferably, the composite sintered body has thermal conductivity of at least

60W/(m-K) to at most 150W/(m-K).
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Preterably, the aluminum compound is implemented by a compound of aluminum,
oxygen and nitrogen and/or a compound of aluminum, oxygen, nitrogen, and boron, the

aluminum compound has an average particle size of at least 50nm to at most lum, and a
ratio of the aluminum compound in the binder is at least 5 volume % to at most 30
volume %. Here, the composite sintered body may have thermal conductivity of at
least 70W/(m-K) to at most 150W/(m-K).

A cutting tool according to the present invention may at least partially contain
the composite sintered body described above.

Effects of the Invention

Structured as described above, the composite sintered body according to the
present mvention highly attains improvement in both heat resistance and toughness. As
a result of improvement in toughness, in particular improvement in chipping resistance
and crater wear resistance, the cutting tool at least partially containing the composite
sintered body according to the present invention can suitably be used in high-efficiency
process or high-speed interrupted cutting of high-hardness steel.

Brief Description of the Drawings

Fig. 1is a partial perspective view of a composite sintered body conceptually
Ulustrating a manner in which a binder is present as a discontinuous structure isolated
from a continuous structure of binder particles at a bonding interface where cubic boron
nitride particles are bonded to each other.

Fig. 2 1s a partial perspective view of a composite sintered body conceptually

tllustrating a manner in which a binder is present as a discontinuous structure isolated
from a continuous structure of binder particles at a triple point among cubic boron
mitride particles.

Fig. 3 1s a schematic diagram illustrating a method of measuring transverse
rupture strength.
Description of the Reference Characters

1 cubic boron nitride particle; 2 binder particle; 3 isolated binder; 4 composite
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sintered body; 10 treated body; and 11 post.
Best Modes for Carrying Out the Invention '

The present invention will be described hereinafter in further detail. An
embodiment hereinafter will be described with reference to the drawings, and those
having the same reference characters allotted in the drawings of the subject application
represent the same or corresponding elements.

<Composite Sintered Body>

The composite sintered body according to the present invention contains at least
cubic boron nitride and the binder, and it can suitably be used in an application such as a
cutting tool. It 1s noted that the composite sintered body according to the present
invention may contain other components or an inevitable impurity, so long as it contains
at least cubic boron nitride and the binder.

<Cubic Boron Nitride>

The cubic boron nitride contained in the composite sintered body according to
the present invention has previously been used in an application such as the cutting tool,
for its excellent hardness and thermal conductivity. In the present invention, cubic
boron nitride has a continuous structure as will be described later, and cubic boron
nitride is contained in the composite sintered body by at least 60 volume % to at most
85 volume %. More preferably, the lower limit of the content 1s set to at least 65
volume % and further preferably to at least 72 volume %. More preferably, the upper

limit of the content is set to at most 80 volume % and further preferably to at most 77

volume %.

If the ratio of cubic boron nitride 1s less than 60 volume %, sufficient contact
between the cubic boron nitride particles may not be attained. In such a case, as the
continuous structure which will be described later may not sufficiently be obtained,
increase in the temperature at the cutting edge cannot sufficiently be suppressed, and
hence an effect of sufficient improvement in heat resistance may not be obtained. On

the other hand, if the ratio of cubic boron nitride exceeds 85 volume %, an amount of

-7 -



10

15

20

20

CA 02583686 2007-04-12

the binder present in the sintered body, which will be described later, relatively decreases,
and wear resistance may remarkably be lowered.

Such \}olume percentage can be achieved by setting volume percentage of the
cubic boron nitride powder used in manufacturing the composite sintered body to a
value in the above-described range (that is, from at least 60 volume % to at most 85
volume %). The volume percentage can be measured by subjecting the composite
sintered body to quantitative analysis using ICP (inductively coupled plasma
spectrochemical analysis) or observation using an SEM (scanning electron microscope)
or a TEM (transmission electron microscope).

Preferably, the cubic boron nitride particle has an average particle size of at least
2um to at most 10um.  If the average particle size 1s smaller than 2um, a surface area
of the cubic boron nitride particle becomes greater. Accordingly, the number of
bonded portions between the cubic boron nitride particles (sometimes called neck
growth) excessively increases, and the binder which will be described later enters a
multiple‘ point such as a triple point or a quadruple point among the cubic boron nitride
particles (referring not to the contact interface between the cubic boron nitride particles
but to a gap between the cubic boron nitride particles; hereinafter simply denoted as the
triple point), and the existence probability of the discontinuously isolated binder
increases. In addition, as the interface increases, the thermal conductivity may be
lowered. Meanwhile, if the average particle size exceeds 10pum, strength of the
composite sintered body is lowered. Accordingly, when the composite sintered body 1s
used in the cutting tool, the cutting edge may be chipped in a severe cutting environment.
More preferably, the lower limit of the average particle size is set to at least 2.5um and '

ﬁirther preferably to at least 2.8um. More preferably, the upper limit of the average

particle size is set to at most 6um and further preferably to at most 3.3um.
<Binder>
The binder according to the present invention mainly attains a function to hold

the cubic boron nitride described above, and a composition thereof is not particularly
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Iimited, so long as the binder has the continuous structure as will be described later.
Therefore, any conventionally known composition for a binder of this type may be
employed. '

For example, the binder may at least contain at least one of a compound and a
solid solution of any one element or two or more elements of Ti, Zr, Hf, V, and Cr and
any one element or two or more elements of nitrogen, carbon, boron, and oxygen, and
an aluminum compound. This compound or solid solution of these elements can
achieve high bonding strength with the cubic boron nitride and it is chemically stable.
Therefore, the compbund or solid solution 1s excellent in wear resistance and preferable.

More specifically, any one or more of a nitride, a carbide, a carbonitride, a
boride, an oxide, and a solid solution of any one element or two or more elements of Ti,
Zr, Hf, V, and Cr may be employed as the compound or solid solution, and more
preferably, at least one of a nitride, a boride, an oxide, and a solid solution of any one
element or two or more elements of Ti, Zr, Hf, V, and Cr may be employed. This
compound or solid solution may be employed because it can attain particularly high
bonding strength with cubic boron nitride.

Examples of the aluminum compound include AIN, AIB,, Al,Os, and the like,
and more preferably, the aluminum compound 1is implemented by a compound of
aluminum, oxygen and nitrogen and/or a compound of aluminum, oxygen, nitrogen, and
boron. Suitably, the aluminum compound has an average particle size of at least SO0nm
to at most 1pum, and a ratio of the aluminum compound in the binder (the total amount,
if both of the above are present) is set to at least 5 volume % to at most 30 volume %.

When AIN 1s used as the aluminum compound, improvement in heat resistance
can be expected, because AIN 1s a material excellent in thermal conductivity, as used in a
heat sink. Meanwhile, AIN has low strength. Therefore, if a large amount of AIN 1s
present in the composite sintered body, cracking originates from AIN and toughness is

lowered. In the case of employing Al,O;, as can be seen from the fact that Al,O; alone

1s used as a ceramic tool, Al,Os has high hardness and is stable at a high temperature,
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~ whereas it is poor in thermal conductivity. Therefore, use of a large amount of Al;Os

leads to lowering in thermal conductivity of the composite sintered body and to lowering
in heat resistance. '

In contrast, the compound of aluminum, oxygen and nitrogen and/or the
compound of aluminum, oxygen, nitrogen, and boron are superior to AIN and Al,Os 1n
strength and superior to Al,Os in thermal conductivity. Therefore, if the compound
having the average particle size of at least 50nm to at most 1um is contained in the
binder by at least 5 volume % to at most 30 volume %, the binder excellent in strength
and thermal conductivity can be provided, which contributes to improvement 1n
toughness and heat resistance of the composite sintered body. Therefore, particularly if
such an aluminum compound is present in a manner satisfying the conditions above, the

composite sintered body can have thermal conductivity, which will be described later, of

at least 70W/(m-K) to at most 150W/(m-K).

Moreover, according to the study conducted by the present inventors, the
compound of aluminum, oxygen, nitrogen, and boron is selectively present around the
cubic boron nitride particles. Therefore, it is estimated that cubic boron nitride
supplies nitrogen and boron composing the compound, which seems to serve to
strengthen bonding between cubic boron nitride and the binder. It is thus estimated
that presence of the compound contributes to significant improvement in toughness of

the composite sintered body.
If the average particle size is smaller than 50nm, an effect of improvement in

thermal conductivity may be lowered due to increase in the interface. Meanwhile, 1f
the average particle size exceeds 1pum, strength may be lowered. Preferably, the
average particle size is set to at least 80nm to at most 0.7um. If the ratio described
above is smaller than 5 volume %, an effect of improvement in strength and thermal
conductivity as described above is not obtained and an effect in improvement in bonding
strength with cubic boron nitride may not sufficiently be obtained. If the ratio exceeds

30 volume %, the content of a binder component having relatively good toughness other
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than the aluminum c'ompound 1s lowered and toughness of the composite sintered body
may be lowered. Preferably, the ratio 1s set to at least 10 volume % to at most 27
volume %. The volume percentage can be measured in quantitative analysis using ICP
(inductively coupled plasma spectrochemical analysis) or observation using an SEM
(scanning electron microscope) or a TEM (transmission electron microscope).

The compound of aluminum, oxygen and nitrogen is preferably expressed as
general formula AlxOyNz (where X=0.5 and Y+Z<0.5), and the compound of aluminum,
oxygen, nitrogen, and boron 1s preferably expressed as general formula AlsBrOyNy
(where S+T=0.5 and U+V<0.5). In the following, these compounds may simply be
expressed as general formula AlxOyNz and general formula AlsBTOuyNy.

<Continuous Structure>

In the composite sintered body according to the present invention, cubic boron
nitride has the continuous structure as a result of bonding of a plurality of cubic boron
nitride particles to each other, aﬁd the binder has the continuous structure as a result of
bonding of a plurality of binder particles to each other, that are present in a region
except for the bonding interface where the cubic boron nitride particles are bonded to
each other. The composite sintered body 1s manufactured by sintering cubic boron
nitride and the binder, and both of these have the continuous strﬁcture as described
above. Therefore, the cubic boron nitride and the binder are firmly bonded to each
other. ‘

The composite sintered body according to the present invention adopts such a
continuous struCture. Therefore, even if the composite sintered body is used in the
cutting tool to which a severe cutting condition (such as high-efficiency process, high-
speed interrupted cutting or the like of the high-hardness steel described above) 1s
applied, the composite sintered body can exhibit sufficient heat resistance and toughness
and provide satisfactory tool life.

Namely, in the composite sintered body of the present invention, first of all, the

binder or the like does not fall off from the composite sintered body even under the
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condition as in interrupted cutting where sudden temperature change is repeated, and
hence toughness can drastically be improved. Such falling off as in the conventional
example is considered to be attributable to difference in the coefficient of thermal
expansion between cubic boron nitride and the binder as described already. Even if a
small cracking due to difference in the coefficient of thermal expansion between cubic
boron nitride and the binder takes place at the time of change in the temperature, falling
off 1s effectively prevented because the binder has the continuous structure.

In addition, as both of cubic boron nitride and the binder have the continuous
structure as described above, as compared with the structure in which the binder 1s
scattered discontinuously as in the conventional example, bonding strength between
cubic boron nitride and the binder can further be firm. This is considered to be
attributable to the continuous structure, and considered as an advantageous effect
fundamentally overturning the conventional knowledge, that 1s, the conventional
technical knowledge that any one of cubic boron nitride and the binder is scattered
discontinuously in order to increase the contact area therebetween and to thereby
achieve firm bonding.

Moreover, as cubic boron nitride has the continuous structure, excellent
characteristic of high hardness and high thermal conductivity specific to cubic boron
nitride can sufficiently be exhibited, thus showing excellent toughness and heat
resistance. It is considered that, as the continuous structure of cubic boron nitride
exhibits an excellent heat dissipation effect, temperature increase is suppressed and heat
resistance is significantly improved, and that as development of small cracking that has
occurred within the composite sintered body is prevented by the continuous structure of
cubic boron nitride, toughness may further be improved.

With regard to exhibition of high thermal conductivity, more specifically, the

composite sintered body according to the present invention has thermal conductivity of
at least 60W/(m-K) to at most 150W/(m-K). As the thermal conductivity 1s higher,

temperature increase at the cutting edge during cutting is suppressed. Therefore,
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higher thermal cbnductivity 1s preferred. If thermal conductivity exceeds 150W/(m-K),
however, bonded area of the cubic boron nitride particles excessively increases. ‘
Consequently, the binder enters the triple point of the cubic boron nitride particles, and
existence probability of the discontinuously isolated binder increases, which is not
preferred. It is noted that thermal conductivity can be calculated by measuring thermal

diffusivity with a laser flash or xenon flash thermal diffusivity measurement apparatus,

based on specific heat and density.

Here, the expression "has the continuous structure as a result of bonding of a

plurality of cubic boron nitride particles to each other" refers to a structure completely

ditferent from the sea-island structure (Patent Documents 1, 2) in which the cubic boron

nitride particles are dispersed in the continuous binder phase as in the conventional

- example, and refers to the continuous structure exhibited as a result of bonding of the

cubic boron nitride particles to each other. The continuous structure is considered to
exhibit a three-dimensional structure in which cubic boron nitride particles are three-

dimensionally bonded to each other.

Meanwhile, the expression "has the continuous structure as a result of bonding

of a plurality of binder particles to each other, that are present in a region except for the

bonding interface where the cubic boron nitride particles are bonded to each other"

refers to a structure completely different from the structure (Patent Document 7) in
which the binder 1s discontinuously scattered around the structure obtained as a result of
bonding of the cubic boron nitride particles to each other as in the conventional example,
and refers to the continuous structure exhibited as a result of bonding of the binder
particles to each other. The continuous structure is considered to exhibit a three-
dimensional structure in which binder particles are three-dimensionally bonded to each
other.

Here, the reason why the region where the binder particles constituting the

continuous structure are present is defined as the region except for the bonding interface

~ where the cubic boron nitride particles are bonded to each other is to clarify that the
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composite sintered body of the subject application includes a structure in each manner as
described below. Specifically, if the binder is present at the bonding interface where
such cubic boron nitride particles are bonded to each other, the manner of presence of
the binder includes any one or both of a manner of presence as a part of the continuous
structure as a result of 1ts continuity to the continuous structufe of the binder particles
and a manner of presence as the discontinuous structure isolated from the continuous
structure of the binder particles as shown in Fig. 1. In addition, it is also clarified that,
if the binder is not present at the bonding interface between such cubic boron nitride
particles, the composite sintered body of the subject application may also encompass
such a manner that the binder is not present.

Fig. 1 1s a partial perspective view of a composite sintered body 4 conceptually
llustrating a manner in which the binder is present as the discontinuous structure
1solated from the continuous structure of binder particles 2 at the bonding interface
where cubic boron nitride particles 1 are bonded to each other. Namely, Fig. 1 shows,
on the right with respect to the central arrow, the manner in which cubic boron nitride
particles 1 are conceptually removed from composite sintered body 4 shown on the left,
and shows on the right that the binder at the bonding interface is present as an isolated
binder 3. .

If the binder is present at the bonding interface between the cubic boron nitride

particles, preferably, the binder is present at the existence probability of at most 60%,

and the binder 1s present as a part of the continuous structure as a result of its continuity

to the continuous structure of the binder particles or as the discontinuous structure

1solated from the continuous structure of the binder particles. Preferably, the binder at
the bonding interface where the cubic boron nitride particles are bonded to each other
has composition containing at least Ti or Al. It is most preferable from a point of view
of thermal conductivity that the cubic boron nitride particles can directly be bonded to
each other firmly, without including the binder at the bonding interface. However, if

the existence probability of the binder at the bonding interface between the cubic boron
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nitride particles is set to 60% or lower, lowering in thermal conductivity can be
minimized by ensuring continuity between the cubic boron nitride particles. If the
binder 1s composed of a component containing Ti or Al element having high affinity to
oxygen, the component serves as a getter of adsorbed oxygen that has remained at the
bonding interface between the cubic boron nitride particles during sintering. Therefore,
alteration of the cubic boron nitride particles themselves resulting from solid solution of
oxygen 1n cubic boron nitride or increase in thermal resistance due to generation of an
oxidized phase at the bonding interface between the cubic boron nitride particles can be
prevented. If the existence probability exceeds 60%, a large amount of binder having
thermal conductivity lower than cubic boron nitride is present and thermal conductivity
of the composite sintered body as a whole is lowered, which is not preferred.  As such,
as described above; it 1s particularly preferable that the binder is not present at the
bonding interface between the cubic boron nitride particles. Here, the existence
probability of 60% or lower means that the binder is detected at measurement points
accounting for at most 60% of all measurement points when AES (Auger electron
spectroscopy) analysis or EDS (energy dispersive X-ray spectroscopy) analysis is
conducted at a plurality of measurement points at one bonding interface betWeen the
cubic boron nitride particles.

In the description above, the expression "the cubic boron nitride particles or the

- binder particles are bonded to each other" means that, though crystal orientation of each

particle may be different from each other, the particles are firmly bonded to each other

at the bonding interface between the particles as a result of some kind of chemical bond
or physical bond, or involvement of a third compound. In addition, the expression "the
cubic boron nitride and the binder are bonded to each other" in the description above -
means that the cubic boron nitride and the binder are firmly bonded to each other as a
result of some kind of chemical bond or physical bond, or involvement of a third
compound, as in the case of bonding between the particles above.

The continuous structure obtained as a result of bonding of a plurality of cubic
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boron nitride particles to each other and the continuous structure obtained as a result of
bonding of a plurality of binder particles to each other, that are present in a region
except for the bonding interface where the cubic boron nitride particles are bonded to
each other, can be confirmed by subjecting the composite sintered body to acid
treatment, thereafter subjecting the treated body to XRD (X-ray diffraction)
measurement, visually observing appearance of the treated body, and measuring
transverse rupture strength.

Here, imtially, the acid treatment refers to a treatment in which a mixed acid
obtained by mixing concentrated nitric acid (60%), distilled water and concentrated
hydrofluoric acid (47%) at a volume ratio of 2:2:1 and the composite sintered body cut
Into a prescribed size (in a rectangular shape of length 6mm x width 3mm x thickness
0.5mm) are placed in an airtight container and the composite sintered body is dissolved
under pressure for 48 hours at a temperature of 140°C.

Successively, the "treated body" subjected to "acid treatment" 1s in turn
subjected to XRD measurement. If the binder component is not detected in the
measurement, it indicates that the binder has completely been removed from the
compostte sintered body, and the continuous structure of the binder 1s confirmed. The
mixed acid serves to selectively dissolve the binder and remove solely the binder. If the
binder is implemented as the discontinuous structure instead of the continuous structure
according to the subject application, it 1s considered that the isolated binder structured

like an island and surrounded by the cubic boron nitride is present as shown in Fig. 2 and

the 1solated binder is not dissolved and removed in the acid treatment but remains in the

‘treated body. Consequently, the binder component is detected<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>