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(57) Abrége/Abstract:

A sintered compact, characterized as consisting of 50 vol % to 78 vol % of high pressure phase type boron nitride and the

balance amount of a bonding phase, wherein the bonding phase comprises at least one member selected

from among a nitride,

a carbide, a carbonitride and a boride of Ti; a nitride, a boride and an oxide of Al; a carbide and a boride of W. a nitride, a

carbide, a carbonitride and a boride of Co; a carbide and a boride of Ni; and their mutual solid solutions,
phase forms a continuous phase In the sintered compact, and wherein the total content of the metal corr

wherein the bonding
ponents of Al, W, Co

and NI which are present as compounds Is 3 to 20 wt % based on the weight of the sintered compact.

'he sintered compact

exhibits excellent resistance to cratering even in cutting operation under conditions wherein a knife edge has a high temperature

and the compact Is exposed to high impact, as Is seen Iin a high speed intermittent cutting of quenchead
speed V Is 150 m/min or more, which results in a long life thereof.
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ABSTRACT

A sintered material containing high-pressure phase-type
boron nitride and a binder is provided. The high-pressure
phase-type boron nitride is contained in an amount of from 50%
to 78% by volume, and the balance is a binder phase. The binder
phase comprises at least one selected from the group consisting
of nitride, carbide, carbonitride, and boride of Ti, nitride,
boride and oxide of Al, carbide and boride of W, nitride, carbide,
carbonitride and boride of Co, and carbide and boride of Ni,
or a mutual solid solution thereof. The binder phase forms a
binder phase which is continuous in a sintered material texture.
The weight of metal components Al, W, Co and Ni which are present
as compounds in the sintered material is from 3% to 20% based
on the sintered material. The sintered material is excellent
in crater resistance and capable of realizing a long tool life,
even under the condition that the temperature of the cutting
edge becomes high and the impact is large, as in high-speed
interrupted cutting of hardened steel where the cutting speed

V becomes at least 150 m/min.
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DESCRIPTION
HIGHLY CRATER-RESISTANT HIGH-STRENGTH SINTERED MATERIAL

FIELD OF THE INVENTION

The present invention relates to a highly crater-
resistant, high-strength sintered material and sintered body.
Particularly, it relates to a high pressure phase-type boron
nitride-based sintered material for cutting tools, having

improved wear resistance and toughness.

RELATED ART

A high pressure phase-type boron material, a typical
example of which is cubic boron nitride (hereafter referred to
as "cBN"), 1s a highly hard substance next to diamond in hardness.
A cBN-based sintered‘material is used for various cutting tools,
wear-resistant parts, impact-resistant parts and the like.

In this type of the sintered material, the compatibility
between hardness and strength is difficult. As techniques
aiming at this compatibility, mentioned are, for example,
JP-B-62-25630, JP-B-62-25631 and JP-A-05-186272. These
documents describe that the sintered materials disclosed are

excellent 1n failure resistance and exhibit excellent

performances in interrupted cutting of hardened steel, and that

the cutting conditions are so limited that the cutting speed
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V is at most about 100 m/min.

If the above-mentioned sintered materials are used under
the conditions that the temperature of the cutting edge is high
and the impact is large, as in high-speed interrupted cutting
of hardened steel at a cutting speed V of at least 150 m/min,
the development of cratér wear and the generation of cracks at
a crater portion are observed, resulting in a failure with a

short tool life.

SUMMARY OF THE INVENTION

Accordingly, a main object of the present invention is
to provide a sintered material which is excellent in crater
reéistance and exhibits a long tool life even under such
conditions that the temperature of the cutting edge becomes high
and the impact is large, as in high-—speed interrupted cutting
of hardened steel.

The highly crater-resistant, high strength sintered
material according to the present invention is a highly
crater-resistant high-strength sintered material comprising
high-pressure phase-type boron nitride and a binder. The
high-pressure phase-type boron nitride is contained in an
amount of from50% to 78% by volume based on the sintered material,
and the balance comprises a binder phase. The binder phase
comprises at least one selected from the group consisting of

nitrides, carbides, carbonitrides and borides of Ti, nitrides,
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borides and oxides of Al, carbides and borides of W, nitrides,
carbides, carbonitrides and borides of Co, and carbides and
borides of Ni, and/or mutual solid solutions thereof. The

binder phase is continuous in a sintered material texture. The
amount of the metal components Al, W, Co and Ni which exist as
the compounds in the sintered material are from 3 to 20% by weight
based on the sintered material. These compounds constitute the
binder phase. The sintered material according to the present

invention, of course, may contain unavoidable impurities.

BRIEF EXPLANATION OF THE DRAWING
Fig. 1 is a graph illustrating ranges of a weight ratio,
[W/(W + Co + Ni)] and a weight ratio, [Co/(Co + Ni)] which are

excellent in strength and heat resistance.

DETAILED EXPLANATION OF THE INVENTION

For use 1n which the temperature of the cutting edge
becomes high and the impact is large to cause the development
of crater wear, the generation of cracks at crater portions and
the failure, as in the high-speed interrupted cutting conducted
by using hardened steel, it seems that the strength of the binder
phase decreases due to the high temperature, and small cracks
generated in the binder phase and small cracks generated at the
interface between the high-pressure phase-type boron nitride

and the binder phase are caused due to an impact to the cutting
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edge, and these cracks grow and develop due to the impact to
cause failure or breakage of the cutting edge.

The amount of the high-pressure phase-type boron nitride
1s from 50% to 78% by volume, for example from 60 to 75% by volume,
particularly from 63 to 72% by volume, based on the sintered
material. If the amount is less than 50% by volume, the hardness
of the sintered material is small, the characteristics of the
high-pressure phase-type boron nitride-based sintered
material are weakened so that the tool life is short. If the
amount is larger than 78% by volume, the amount of the binder
phase decreases, and the bond strength between the high-
pressure phase-type boron nitride and the binder phase is weak,
and then the strength of the sintered material is decreased.

The binder phase comprises at least one selected from the
group consisting of nitride, carbide, carbonitride and boride
of Ti, nitride, boride and oxide of Al, carbide and boride of
W, nitride, carbide, carbonitride and boride of Co, and carbide
and boride of Ni, and/or a mutual solid solution thereof. The
binder phase 1is continuous in a sintered material texture.

The binder phase hav.i.ng said composition has a high
strength in the use in which a hard impact is applied at a high
temperature, and such binder phase has a high bond strength to
the highépressure phase-type boron nitride, giving high
strength of the sintered material. It seems that when the

binder phase is subjected to an impact at a high temperature,
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the generation of small cracks is poor and the cracks do not
easlly develop in the binder phase. Because the binder phase
1s continuous, the bond strength between the high pressure

phase-type boron nitride and the binder phase and the force for
retaining the high pressure phase-type boron nitride become
higher.

The total amount of metal components A1, W, Co and Ni which
are present in the form of compounds in the sintered material
is from 3% to 20% by weight, for example from 5% to 15% by weight,
particularly from 5% to 12% by weight, based on the sintered
material. The compounds comprising Al, Co and/or Ni are
originally contained in the binder or are generated by the
reaction between the high pressure phase?-type born nitride and
the metal components contained in the binder during the
sintering step for preparing the sintered material. These
compounds have the"effect of improving the strength of the
interface between the high pressure phase-type boron nitride
and the binder phase and the effect of improving the strength
of the binder.

If the amount of the Al, W, Co and Ni metal components

~in these compounds is smaller than 3% by weight, the above

effects are 1little so that the strength of the sintered material

is low. If the weight is larger than 20% by weight, the heat
resistance of the sintered body is undesirably low.

The amount of an Al metal component which is present as
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a compound in the sintered material is preferably from 2% to
10% by welght, for example from 4% to 8% by weight, based on
the sintered material. Al has a high reactivity with
particularly the high pressure phase-type boron nitride so that
Al has a high effect of improving the bond strength. Because
Al is an element which is easily oxidized, the generation of
Al,0, 1s sometimes observed in the sintered material.

The total amounts of the metal components W, Co and Ni
which are present in the form of compounds in the sintered
material is preferably from 1% to 10% by weight, for example
from5 to 7% by weight, based on the sintered material. It seems
that W, Co and N1 react with the high pressure phase-type boron
nitride and other substances to increase the bond strength and
to give a solid solution in nitride, carbide and carbonitride
of Ti so that the binder phase is strengthened.

A weight ratib of W, Co, and Ni is preferably such that
[W/(W+ Co + Ni)] is within a range from 0.2 to 0.6, for example
from 0.2 to 0.4, and/or [Co/(Co + Ni)] is within a range from
0,6 to 0.95, for example from0.75 to 0.95. It is supposed that,
depending on the welght ratio of W, Co and Ni, the compounds
of W, Co and Ni generated in the sintered material are varied
so that the strength and heat resistance of the sintered
material are varied. When the amounts of W, Co and Ni are in
the range shown by the hatched region in Fig. 1, the strength

and thermal resistance of the sintered material are more
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excellent.

W, Co, Ni, WC and the like include immixture ingredients
which is separated from a super hard alloy ball during the mixing
and milling processes. Therefore, the amounts of the immixture
ingredients can be expected because such amounts are
proportional to the time of mixing and milling. The sintered
material according to the present invention can be obtained by
adding the shortage amounts of, in the form of powder, said
metals for giving target amounts.

The high-pressure phase-~type boron nitride is preferably
coated with a coating substance, particularly with an inorgaic
material. The coating substance preferably comprises at least
one selected from the group consisting of nitrides and borides
of Ti and nitrides and borides of Al, and/or mutual solid
solutions thereof. The thickness of the coating may be from
1 nm to 500 nm, for éxample from 10 nm to 100 nm. The coating
can be formed by using a chemical vapor deposition (CVD), a
physical vapor deposition (PVD), a non-electrolytic plating and

like. It is believed that said coating substance has an effect

of increasing the bond strength between the high-pressure

phase-type boron nitride and the binder phase.

The sintered material preferably has, in an arbitrary or
any region containing at least 100 particles of high-pressure
phase-type boron nitride, a texture where a proportion of the

number of high-pressure phase-type boron nitride particles

S Ll dtived b v d v v M
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which are mutually in direct contact is from 0.1% to 20%, for
example from 0.2% to 10%.
The sintered material can be prepared by mixing the

powdery binder and the cBN powder and pressurizing the mixture

at a pressure of 3 to 10 GPa and a temperature of 700 to 2,000°C

for 10 to 120 minutes by means of a super high pressure apparatus.

PREFERRED EMBODIMENTS OF THE INVENTION

Hereafter, the present invention will be illustrated by
showing Examples.
Example 1

Powder of carbide, nitride and/or carbonitride of Ti
shown in Table 1 was mixed with Al powder , and the mixture was
placed in a vacuum furnace at 1,000°C for 30 minutes. The
mixture was milled by means of a ball mill to give a powdery
binder.

The powdery binder was examined by XRD (X-ray
diffraction), whereby carbide and nitride of Ti, Ti,Al1N, TiAl,
and TiAl were detected. The powdery binder had the same
compcsition as that of the charged powdéry raw materials.

This binder was mixed with cBN powder having an average

particle size of 4.3 um, W powder, WC powder, Co powder and/or

N1 powder in various blending ratios, and the mixture was placed

in the vacuum furnace at 1,000°C for 20 minutes, followed by

degassing. The resultant powder mixture was sintered under
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conditions having a pressure of 4.5 GPa and a temperature of
1,400°C for 30 minutes.
The sintered material thus obtained was examined by XRD
(X-ray diffraction). The detected compounds are shown in Table
5 1. Further, the results of wt% of the metal components Al, W,
Co and N1 which are present as compounds in the sintered material '
measured by an atomic emission spectroscopy and the % by volume,
based on the sintered material, of cBN are shown in Table 1.
The observation of texture of these sintered materials
10 indicated that the binder phase is continuous. The wording
"binder phase is continuous" in the context of the present
Description means that cBN grains are maintained by the binder
phase. In other words, said wording means that the original
shape of the sintered body cannot be maintained' when the binder
15 phase is removed by means of fluoronitric acid in a tightly
closed vessel having no evaporation of the acid.
Then, this sintered material was worked to give a tool
(ISO number: SNGN 160408), and a tool life until failure in the

high-speed interrupted cutting of hardened steel was examined

20 under the following conditions. The results are shown in Table

1.
Matter to be cut: carburized steel SCM415, HRC61

120 mm (diameter) X 280 mm (length),
with six V-shaped grooves in the axial

25 direction of the matter to be cut
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Cutting conditions: cutting speed: V = 205 m/min,
depth of cut: d = 0.295 mm,

0.115 mm/rev, DRY

feeding: f

Table 1

;...a
;..s

......s
N

CBN, TiN, TiB,, AIN, AlB,,
Al.0,, WCo,Bs, CoB

a1 wea e e monne tap --
1-3 CBN, TiCN, TiB,, AIN, AlB,,
Al 15 wts Al,0,, W,Co,Bs, CoB --
1-4 CBN, TiN, Tle, AIN, AlB,,
Al 8 wtd Al 0,, WB;, CoB, CoN, NiB -
1-5 CBN, TiC, TiB,, AIN, AlB,, 12 33
Al 10 wtg Al,0;, W,Co,Bs, CoC, Ni,C -
TiN,, 80 wt% 58 | cBN, TiN, TiB,, AIN, AlB,, 14.9 30 |
Al 20 wt% Al,0,, W,Co,Bs,, Co.B -
TiN, , 95 wt$ cBN, TiN, TiB,, AIN, AlB,, 3
mzq, o e Cop L
TJNM 95 wt$ CBN, TiN, TiB,, AIN, AlB,, 2.8 3
v LG, Wiy, Cop N
-9 Tmo,, 65 wt% CBN, TiN, TiB,, AIN, AlB,,
Al 35 wts Al,0,, W,Co,B,, Co.B -

As 1s apparent from Table 1, the sample No. 1-8 in which

H ri—t I--' n-t
0 \l O\

the content of the metal components Al, W, Co and Ni is less
than 3%, and the sample No. 1-9 in which such a content exceeds
20% have a very short tool life until failure.
10 Example 2
80% by weight of Ti nitride powder, 10% by weight of Al
powder, 6% by weight of eutectic WC-Co powder, 2% by weight of

Co powder and 2% by weight of Ni powder were mixed, and the
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mixture was placed in a vacuum furnace at 1,020°C for 32 minutes.

The mixture was milled by means of a ball mill to give a powdery
binder. This binder was mixed with cBN powder having an average

particle size of 3.9 um 1n various blending ratios to give the

5 cBNcontent of the vol% shown in Table 2. The mixture was placed
in the vacuum furnace at 980°C for 21 minutes, followed by
degassing. The resultant powder mixture was sintered under
conditions having a pressure of 4.8 GPa and a temperature of
1,380°C for 15 minutes.

10 The amount of Al in these sintered materials was from 2%
to 10% by weight, based on the sintered materials. The sum of
W, CoandNi inthesintered material was from 1% to 10% by weight ,
based on the sintered material. The weight ratio of W to W,
Co and Ni: [W/(W+ Co + N1)] was from 0.2 to 0.6, and the weight
15 ratio of Co to Co and Ni: [Co/(Co + Ni)] was from 0.6 to 0.95.
Then, this sintered material was worked to give a tool
(ISO number: CNMA 160412), and the tool tool life until failure
in the high-speed interrupted cutting of hardened steel was
examined under the following conditions. The results are shown
20 in Table 2.
Matter to be cut: carburized steel SCr420, HRC60
110 mm (diameter) X 290 mm(length), with
four U-shaped grooves in the axial

direction of the matter to be cut

25 Cutting conditions: cutting speed: V = 195 m/min,
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depth of cut: d = 0.198 mm,

feeding: f 0.106 mm/rev, DRY

Table 2

vols of cBN Failure tool 1life

(min)

N
|
-

S~ oy U] o>
NN O|W o

N
!
\O
|

NINININ
I I
AN WIN

NININ

NERE

Q0 i~
NINIWIWIWINIIN
SNIWININ NI NTW

77.9

As is apparent from Table 2, both of the sample No. 2-1
having a smaller content of cBN and the sample No. 2-9 having
a larger content of cBN have a very short failure tool life.

Example 3

Ti nitride powder and Al powder shown in Table 3 were mixed

in various blending ratios, and the mixture was placed in a
vacuum furnace at 976°C for 34 minutes. The mixture was milled
by means of a ball mill to give a powdery binder. The powdery
binder had the same composition as that of the charged powdery
raw materials.

This binder was mixed with cBN powder having an average

particle size of 2.8 um, eutectic WC-Co powder, Co powder and

Ni powder in various blending ratios so that the content of c¢cBN




CA 02361717 2001-07-30

13

was 60% by volume, based on the sintered material, and the

mixture was placed in the vacuum furnace at 962°C for 26 minutes,

followed by degassing. The resultant powder mixture was

sintered under conditions having a pressure of 4.7 GPa and a
5 temperature of 1,420°C for 10 minutes.

The results of measurement of wt% of the metal component
of Al which is present as a compound in the sintered material
by an atomic emission spectroscopy are shown in Table 3. The
amount of the components Al, W, Co and Ni was from 3% to 20%

10 by weight, based on the sintered material.

The wt% of the sumof W, Co and Ni in the sintered material
was from 1% to 10%. The weight ratio of Wto W, Co and Ni: [W/ (W
+ Co + N1)] was froin 0.2 to 0.6, and the weight ratio of Co to
Co and Ni: [Co/(Co + Ni)] was from 0.6 to 0.95.

15 Then, this sintered material was worked to give a tool
(ISO number: TNMA 120408), and the tool life until failure in
the high-speed interrupted cutting of hardened steel was
examined under the following conditions. The results are shown
in Table 3.

20 Matter to be cut: carburized steel SNCM420, HRC59

115 mm (diameter) X 315mm (length), with

eight V-shaped grooves in the axial

direction of the matter to be cut
Cutting conditions: cutting speed: V = 212 m/min,

25 depth of cut: d = 0.235 mm,
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feeding: f = 0.123 mm/rev, DRY

Table 3

Fallure
tool life

wtg of Al in
sintered
material

Al S wti

3-3 | TiN,, 90 wt%
Al 10 wt$

3-4 |TiN,, 87 wt$ 28
Al 13 wts

No. Binder

3-5 |TiN,, 82 wts

Al 18 wt$
3-6 |TiN,, 77 wt% 22

K 2w o
3-7 |TiN,, 70 wt% 12 19

n ows || P

5 As is apparent from Table 3, tool life until failure is
longer when the amount of Al is in the range of from 2% to 10%
by weight. ‘

Example 4
80 % by weight of Ti nitride powder and 20 % by weight

10 of Al powder were mixed, and the mixture was placed in a vacuum
furnace at 1,012°C for 30 minutes. The mixture was milled by
means of a ball mill to give a powdery binder. The powdery
binder was examined by XRD (X-ray diffraction), whereby carbide
and nitride of Ti, Ti,AlN, TiAl, and TiAl were dete-cted.

15 This binder was mixed with c¢BN powder having an average
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particle size of 4.6 um, W powder, WC powder, Co powder and

N1 powder in various blending ratios so that the content of cBN
was 62% by volume based on the sintered material, and the mixture
was placed in the vacuum furnace at 987°C for 29 minutes,

5 followed by degassing. The resultant powder mixture was
sintered under conditions having a pressure of 4.6 GPa and a
temperature of 1,390°C for 30 minutes.

The results of measurement of wt%, based on the sintered
material, of the metal components W, Co and Ni which are present
10 as compounds (each element type and the amounts sum of elements)
in the sintered material by means of an atomic emission
spectroscopy, the weight ratio of W to W, Co and Ni, that is,
[W/(W+ Co + Ni)], and the weight ratio of Co tb Co and Ni, that
1s, [Co/(Co + Ni)] are shown in Table 4.
15 The amount of the components Al was from 2% to 10% by weight,
based on the sintered material. The amount of the components
Al, W, Co and Ni was from 3% to 20% by weight, based on the

sintered material.

Then, this sintered material was worked to give a tool

20 (ISO number: SNGN 160408), and the tool life until failure in
the high-speed interrupted cutting of hardened steel was

examined under the following conditions. The results are shown

in Table 4.

Matter to be cut: carburized steel SCM415, HRC61

25 95 mm (diameter) X 185 mm (length), with
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four V-shaped grooves in the axial

direction of the matter to be cut

cutting speed: V

194 m/min,

Cutting conditions:

0.268 mm,

depth of cut: d

feeding: £ = 0.097 mm/rev, DRY

Table 4

0,1.1*1,4‘R,av7.nvo,
r—i
_Q...wn“. _ﬂ 1 11111 1 2
_ _
A A Al A d A.A.A.A.A.A. 4.4.4. _4

1
17
8

2
1

NN

sl »

MM
- L) WD) ™~ L -
997 h C~ h
) L . .
Oo

0.075
0.15

19
$ 0.625 | 35

.6
2.88

- 2.16
1.6

3

. 0.16

1.28

1.44

114

1

1 .92
| 6.08 [ -0.32 | 26
4.8 | 1.6 | 28
 3.52 | 2.88 | 20

.2
V.

Co/(Co|W wt% | Co wt% |Ni wts | Failure
0.225
1.35
.75 | 2.5 | 1.875
: :
: | 4.455
 4.95
 0.95 | 1.2 | 6.46 | 0.34 | 17
0.6 | 1.2 | 4.08_

0.6 | 1.6

425 | % [ 0.2 [ 0.55 [ 1.6
0.15
0.15
0.15

wt$ of the | W/ (W +
11

$4-26 | 8
4-27 | 8
| 4-28 | 8
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As 1s shown in Table 4, when the content of sum of W +

Co + N1 1s from 1% to 10% by weight, when the weight ratio [W/ (W

+ Co+Ni)] is from 0.2 to 0.6, and when the weight ratio [Co/ (Co
+N1i)] is from 0.6 to 0.95, the tool 1life until failure is longer.
Example 5

75% by weight of Ti nitride, 15% by weight of Al powder,
3% by weight of WC powder, 5% by weight of Co powder and 2% by
weight of Ni powder were mixed, and the mixture was placed in
a vacuum furnace at 1,000°C for 30 minutes. The mixture was
milled by means of a ball mill to give a powdery binder.

This powdery binder was mixed with cBN powder having an
average particle size of 4.3 um and coated with nitride or
boride of Ti, nitride or boride of Al, or a Iﬁutual solid solution
thereof shown in Table 5 were mixed so that the cBN content was
63% by volume based on a sintered material, and the mixture was
placed in the vacuum furnace at 1,000°C for 20 minutes, followed
by degassing. The coating was performed with the use of an RF
sputtering PVD apparatus, and the film thickness of each coating

layer was from 10 nm to 100 nm. The resultant powder mixture

'was sintered under conditions having a pressure of 4.5 GPa and

a temperature of 1,400°C.

The resultant sintered materials were analyzed by AES

(Auger Electron Spectroscopy) to measure a contact ratio among

the cBN particles. The measurement was carried out by

calculating the rate of the number of particles that are in
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contact with other cBN particles in an arbitrary region
containing at least 100 c¢BN particles.

In these sintered materials, the amount of Al in the
sintered material was from 2% to 10% by weight, based on the
sintered material. The amount of the sum of W, Co and Ni in
the sintered material was from 1% to 10% by weight, based on
the sintered material. The weight ratio of W to W, Co and Ni,
that is, [W/(W + Co + Ni)] was from 0.2 to 0.6, and the weight
ratio of Co to Co and Ni, that is, [Co/(Co + Ni)] was from 0.6

to 0.95.

Then, the sintered material was worked to give a tool (ISO
number: SNGN 160408), and the tool life until failure in the
high-speed interrupted cutting of hardened steel was measured
under the following conditions. The results are shown in Table

5.

Matter to be cut: carburized steel SCM440, HRC62
. 135 mm (diameter) X 265 mm (length), with
six U grooves in the axial direction of
the matter to be cut
Cutting conditions: cutting speed: V = 186 m/min,
depth of cut: d = 0.195 mm,
feeding: £ = 0.105 mm/rev, DRY
The results of commercially available sintered materials

manufactured without coating are also shown in Table 5 for

comparisons.
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Table 5

Contact ratio of | Failure

tool life
(min)

Coating | Coating
substanc thickness | cBN particles
(nm)

100

on
|
-

n
i
N

AlN

19 9

‘I'lAlN 100
AlB

onin U'l ogiin
1|1 P 1
~J | On U'l > | W

As 1s shown in Table 5, it 1is understood that the
commercially available sintered materials which do not have a
coating and have more than 20% of the cBN particle contact rate

have a short failure tool life.

EFFECTS OF THE INVENTION

As described above, the sintered material according to
the present invention is excellent in crater resistance and
capable of realizing a long tool life even under the condition
that the temperature of the cutting edge becomes high and the
impact is large, as in high-speed interrupted cutting of

hardened steel where the cutting speed V is at least 150 m/min.
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CLAIMS

1. (amended) A highly crater-resistant high-strength
sintered material comprising from 50% to 78% by volume of
high-pressure phase-type boron nitride and the balance of a
binder phase,

wherein said binder phase comprises at least one selected
from the group consisting of nitride, carbide, carbonitride and
boride of Ti, nitride, boride and oxide of Al, carbide and boride
of W, nitride, carbide, carbonitride and boride of Co, and
carbide and boride of Ni, or a mutual solid solution thereof;

said binder phase is continuous in a sintered material
texture;

a total weight of metal components Al, W, Co and Ni which
are present as compounds 1n the sintered material is from 3%
to 20% by weight based on the sintered material; and

a weight of metal components of W, Co and Ni which are
present as compounds in the sintered material is from 1% to 10%
based on the sintered material; and a weight ratio of W, Co and
Ni is such that [W/(W + Co + Ni)] is within a range from 0.2

to 0.6 and [Co/(Co + N1)] is within a range from 0.6 to 0.95.

2. The highly crater-resistant high-strength sintered
material as set forth inclaim 1, wherein a weight of an Al metal

component which is present as a compound in the sintered

AMENDED
SHEET
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material is from 2% to 10% by weight based on the sintered

material.
3. (deleted)
4. The highly crater-resistant high-strength sintered

material as set forth in any one of claims 1 to 3, wherein the
high-pressure phase-type boron nitride is coated with a coating
substance, and the coating substance comprises at least one

selected from the group consisting of nitride and boride of Ti

and nitride and boride of Al, or amutual solid solution thereof.

5. The highly crater-resistant high-strength sintered
material as set forth inanyoneof claims 1 to 4, which comprises,
in an arbitrary region containing at least 100 particles of the
high-pressure phase-type boron nitride, a texture where a
proportion of the number of high-pressure phase-type boron

nitride particles which are mutually in direct contact is from

0.1% to 20%.
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