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The present invention provides a coated sintered body which can be used In precious machining hardened steel. The coated
PCBN cutting tool comprises a substrate which contains not less than 35 volume % and not more than 85 volume % of CBN,
and a hard coated layer formed on the substrate. The hard coated layer comprises at least one compound layer consisting of at
least one element selected from a group of 4a, 5a, 6a elements of the periodic table and A1, and at least one element selected
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roughness of the hard coated layer is not more than 0.1 um.
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ABSTRACT OF THE DISCLOSURE

The present invention provides a coated sintered body which can be used in
precious machining hardéned steel.

The coated PCBN cutting tool comprises a substrate which contains not less
than 35 volume % and not more than 85 volume % of CBN, and a hard coated
layer formed on the substrate. The hard coated layer comprises at least one
compound layer consisting of at least one element selected from a group of 4a,
Ha, 6a elements of the periodic table and Al, and at least one element selected

from a group of C, N and O. The thickness of the layer is not less than 0.3 u m
and not more than 10 z m. The center —line mean roughness of the hard coated

layer 1s not more than 0.1 z m.
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COATED PCBN CUTTING TOOLS
BACKGROUND OF THE INVENTION
1. Field of the Invention
5 The present invention relates to improvements in cutting tools using sintered
body comprising mainly cubic boron nitride (hereinafter CBN sintered body) as
the substrate. CBN sintered body means polycrystalline CBN and is hereinaf-
ter referred to as PCBN. In particular it relates to a coated PCBN cutting tool

1mproved in wear-resistance and high accurate machining.

10 2. Description of the Related Arts
Methods to coat a surface of the PCBN cutting tool with a variety of wear-
resistance layers such as TiN so as to improve the wear-resistance gf CBN sin-
tered body (i.e. JP-A-1-96083 and JP-A-1-96084) are proposed.
It 1s also proposed to roughen the surface of the substrate (CBN sintered body)
15  considerably by ion etching and then coated, in order to improve the adherence
between substrate and coated layers, and durability of coated layer (i.e. JP-A-
7-18415).
However when using a roughened surface of the substrate to 1mprove adher-
ence, the coated surface 1s also roughened and liable to peel due to increased
20  cutting resistance.
Surface roughness of the work depends on the shape of the end cutting edge
boundary, because of shape of end cutting edge boundary is reproduced on

works. Figure 3 is an enlarged ground plan seen from the direction of the rake

face 31 when work 30 is cut by an insert.
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forms the finished surface of the work. The broken line in Figure 3 shows wear
of the insert. Number 34 is the side cutting edge boundary:.

When a roughly coated insert is used, the surface roughness of the work be-
comes rough from the early cutting stage, since the surface of the insert is re-
produced on the work. Particularly when the end cutting edge boundary is un-
evenly worn and notch wear develops, the finished surface becomes rough
within a short cutting time.

Consequently, the main object of the present invention is to provide a coated
CBN sintered body for an insert which can produce high precision and high
quahity machining of work for a remarkably long tool life compared with the
conventional insert.

SUMMARY OF THE INVENTION

The present invention is based on the knowledge that the smooth wear at the
end cutting edge boundary controls increasing surface roughness of the work,
enabling long tool life and high precision machining. The object of the present
imvention is accomplished by a coated PCBN cutting tool which has a pre-
scribed coated material, thickness and surface roughness.

The present invention is related to a coated PCBN cutting tool and a CBN

sintered body comprising 35 % to 85% by volume of CBN. The hard coated layer

consists of at least one element selected from a group consisting of IVa, Va, VI

a elements of the periodic table and Al, and of at least one element selected
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from a group consisting of C,N and O. Thickness of the layer is preferably 0.3

~pm to 10 z m. Surface roughness of the coated surface is not more than 0.2 u m

of Ra which is the center-line mean roughness.

Since large particles called droplets may be contained in the hard coated
5 layer, Ra is preferable to estimate the surface roughness of such hard coated
layer. The inventors have found that the end cutting edge boundary is worn
smoothly when the hard coated layer is smooth. Said smoothly worn means
controlling the flank wear and notch wear at the end cutting edge boundary:.
BRIEF DESCRIPTION OF DRAWINGS
10 Figure 1 is a perspective view showing the cutting tool using the CBN sin-

tered body.

Figure 2 1llustrates an embodiment of an 10n-plating apparatus for preparing

the hard coated layer according to the present invention.

Iigure 3 is explanatory view showing an end cutting edge and side cutting
15 edge.

Figure 4 1s a cross section of sample No. 4-1 and 4-2 in Example 4.
DETAILED DESCRIPTION OF THE INVENTION
(Substrate)
The CBN sintered body comprising 35 % to 85 % by volume of CBN is used as
20  the substrate. The strength of the substrate is compatible with wear resistance

under the condition of the above CBN content.

The binder of the substrate is comprised of at least one member selected from

a group consisting of nitride, carbide, boride and oxide of IV a, Va, Vlaelement
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of the periodic table and their solid solutions and at least one member selected
from a group consisting of AIN, AlB, ,Al,0, and their solid solutions. The Ingre-
dients of the binder are selected to improve strength and wear resistance of the
substrate. Needless to say, the substrate may include inevitable 1mpurities.

5 The mean particle diameter of CBN included in the substrate is preferably

not more than 4.0 x m. The strength of the invented material depends on the

strength of the CBN sintered body. The CBN particle having a mean diameter

of not more than 4.0 » m promotes a reaction with the binder material powder,

increases the strength of the CBN sintered body and consequently improves the

10 strength of the invented material. There are two substrates in this invention.

The first substrate is composed solely of a CBN sintered body as shown in Fig-

ure 1. The other is composed of a CBN sintered body and cemented carbide as
shown in Figure 4.

The substrate is preferably produced under the pressure of not less than 4

15 GPa and the temperature of not less than 1000°C using a high pressure appa-

fatus. The detailed production methods and properties of the CBN sintered
body is written in JP-A-53-77811.
(Hard Coated Layer)

The hard coated layer is selected from compounds which are comprised of

20  at least one element selected from a group consisting of IVa, Va, Vlaelements

of the periodic table and Al, and at least one element selected from a group con-

sisting of C, N and O. These compounds have sufficient hardness and high

wear resistance.



10

15

20

CA 02327092 2000-11-30

The inventors have found that when a work is cut by the coated PCBN cut-

ting tool, wear occurs at the flank surface located at about the center of the end

edge boundary. The remaining hard coated layer prevents the CBN particles
and binder material particles from falling out of the CBN sintered body at the
end cutting edge boundary which affects surface roughness of the work. The
remaining hard coated layer also prevents the development of notch wear.

Namely, the remaining hard coated layer maintains smooth wear at the end

cutting force, waving of the work surface, peeling of the coated layer and the
propagation of wear. It also improves tool life and machining accuracy.
Preferable materals for the hard coated layer are, for example, TiN, TiCN,
T1AIN, Al,O4, ZxN, ZxrC, CrN, VN, HfN, HfC and HfCN. The effects of “smooth
wear at .the end cutting edge boundary and high-precision machining” can be
accomplished by the hard coated layer comprising the preferable materials.
Especially the TiN or TiAIN layers remarkably improved the effects. The pre-
sent nvention is accomplished economically using a TiN layer as the hard

coated layer.

the preferable materials in this invention.
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The thickness of the coated layer is selected in a range between 0.3 z m and 10
. m. The preferable effects of smooth wear at the end cutting edge boundary
cannot be obtained in a range thinner than 0.3 z m. If thicker than 10 1 m, the

remaining stress in the hard coated layer decreases adhesion strength between
the substrate and the hard coated layer. The thickness means total thickness in
the case of multi-layers.

The center-line méan roughness of the layer which is denoted by Ra is not

more than 0.2 1 m in this invention, and preferably not more than 0.1 pm. The

center-hne mean roughness of Ra is measured based on JIS B 0601 standard.
The measurement length is fixed at 0.8mm in the latter example, but the
length is optional according to the measured object. When it is impossible to
apply 0.8mm to the measurement length, a shorter length than 0.8mm can be
apphed as a measurement length.

It 1s preferable that at least one surface of both the substrate and the coated
layer is polished 1n order to control the surface roughness of the hard coated
layer in the prescribed range. Because the surface roughness of the hard coated
layer depends on the surface roughness of substrate, Ra of the substrate is

preferably not more than 0.2 2 m so as to make Ra of the hard coated layer in
the range of not more than 0.2 » m. When the surface of the substrate is more

smoothly polished, the surface roughness of the hard coated layer 1s improved.
Consequently high precision machining becomes possible using an insert hav-
ing the polished substrate. The polishing method has no limitation. A separated

abrasive, for example, is applied to the surface of the rotating brush, and then
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- the brush is pushed to the surface of the substrate or the hard coated layer.

The coated layer is preferably formed on at least a part of the substrate. The
coated layer is formed on at least the surface concerned with cutting. The sur-
face concerned with cutting is at least a surface selected from the rake face,
flank face and negative land face. More 1mportantly, it is the portion from the
rake face to flank face or from the rake face through the negative land face to
the flank face. It is preferable especially, that the coated layer is formed at the
contacted portion with the work and the adjacent areas.

An earlier coating technique can be used as a method to form the hard coated

deposition(CVD) technique such as plasma-CVD. Arc 1on-plating method is
especially preferable to form the smooth hard coated layer. The arc ion-plating
method is written in JP-A-10-68071.
(Bonding Substrate to Base)

When the substrate is b(;lided to the base with solder, the solder preferably

contains Ti and has a melting point higher than 650°C, more preferably higher
than 700°C. Since the substrate of the CBN sintered body is produced by an

expensive high pressure sintered apparatus, the substrate is also expensive. In
order to produce an insert at low cost, it is considered that an msert 1S con-
structed by bonding the substrate and the base with solder The substrate con-
structs only the contributing portion to cutting and the base constructs the re-

mainder of an insert. In order to coat the bonded insert with a hard layer hav-
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ing sufficient adhesion strength, it is essential that the substrate and the base
do not slide against each other during coating of a hard layer in high tempera-
ture. On the other hand, it is found that when the hard layer is coated under

the temperature of not less than 650°C, more preferably not less than 500°C,

the hard coated layer has sufficient adhesion strength. Therefore it is also es-

sential that the melting point of the solder be higher than 650°C to bond the

substrate to the base. When the substrate is coated between the temperature of

higher than 650°C and lower than the melting point of the solder, sliding be-

tween the substrate and the base is also prevented. To obtain a sufficient
bonding strength between the substrate and the base in such high temperature,

the melting point of the solder must be higher than 700°C.

The base material is selected from a group consisting of cemented carbide,
ceramic, cermet and ferrous metal. Cemented carbide is preferable for the base
material because cemented carbide is a tough and high strength material.

When Ti is contained in the solder, the adhesion strength of the coated layer
1s 1mproved at the bonding portion between the substrate and the base since
the surface of the solder reacts with the coated layer.

As explained above, the insert of the present invention has a strong substrate,

DESCRIPTION OF PREFERRED EMBODIMENT

Embodiment of the present invention is explained hereunder. The thickness
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of the coated layer is measured by directly observing the cross section of an
insert using a Scanning Electron Microscope (SEM) in these embodiments. The

present invention of the coated PCBN cutting toool is not limited to these ex-

amples.

Example 1
The powder of TiN, Ti and Al were mixed using a pot and ball made of ce-
mented carbide to obtain a binder powder. The binder powder was mixed with
CBN powder and the resulting powder mixture was packed 1n a Mo container

and sintered at 1.400°C under a pressure of 5 Gpa (50 kb) for 20 minutes. The

resulting sintered substrate 21 was bonded to base 22 by solder and shaped
mto an insert for the cutting tool (shape of SNGN 120408) as shown in Figure 1.
The TiN layer was deposited on the surface of the insert by a known ion plating
technique. The samples of Nos. 1-1 to 1-4 were prepared as shown in Table 1.
Figure 2 1llustrates an embodiment of a deposition apparatus. The apparatus
had a plurality of targets 2 and 3 set at oppoo'site sides in a vacuum chamber
and a table 4 having a rotating axis at the center of both targets. A cylindrical
insert holder 5 was fixed on the table 4 and inserts 6 were held at the msert
holder 5. The vacuum chamber had a gas inlet and outlet to adjust the pre-
scribed pressure and supply the prescribed gas. The outlet was connected to a
vacuum pump.

Inserts can be heated to the prescribed temperature by heater 10. Each tar-

get 2 and 3 1s connected to electrical generators 7 and 8 which adjust electric
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discharge current for vacuum-arc to vaporize the target materials. The insert
holder is connected to electrical bias generator 9 to supply bias voltage to the

substrate. After the vacuum chamber was evacuated to a pressure of 7 X 10 Pa,

argon (Ar) gas was introduced to create a pressure of 0.1 Pa in which the in-

cal bias voltage of -1,000 V. Then the surface of the inserts were cleaned by

metal ion until the temperature of the inserts increased to 500°C with va-

porizing and ionizing the metal targets 2 and 3 using vacuum-arc electrical
discharge.

10 Then, at least one kind or more of N, H, Ar, CH, and C,H, were introduced
mto the vacuum chamber 1 to keep the pressure of the chamber 1 at 2 Pa. The
mserts were coated with a hard coated layer by vaporizing and ionizing the
metal targets 2 and 3 using vacuum-arc discharge. Bias voltages of -20 to -500
V were applied to the insert holder.

15 Comparative Examples 1-5 to 1-10 which were diffgrent m coated condition
and Comparative Examples 1-11 to 1-12 which were not- coated, were prepared.

The surface roughness of the hard coated layer was adjusted by the degree of
polishing of the substrate before coating. The substrate was polished by push-

Ing a rotating brush on which a diamond abrasive of 5~8 » m diameter (corre-

20 sponding to #2000) was applied.
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The resulting inserts were evaluated by a cutting test. A round steel rod of
SCM415 (JIS Standard) having a hardness of HRC61 was cut along its

periphery at a cutting speed of 160m/min, a depth of cut of 0.1mm, a feed rate
of 0.08mm/rev in a dry condition. Results are summarized in Table 1. The ini-

tial surface roughness of Rz (1 m) is the surface roughness of the work after 1

minute cutting. Durability of the coated layer was estimated by time when the

surface roughness of the work reached 3.2 m of Rz. Rz is ten- point mean

roughness based on JIS B 0601. 3.2z in Table 1 and in other sections of this

specification means surface roughness of 3.2 1 m measured the work by Rz.

X-ray diffraction patterns of the resulting sintered bodies revealed the exis-

tence of CBN, TiN, TiB,, (AlB,), AIN and a small amount of WC and ALO,. It

was supposed that the reaction of Al and oxygen in the mixed powder created
AL Q..

Samples 1-1 to 1-4 have a smooth coated layer as shown in Table 1. The 1ni-
tial surface roughness of the work is good, since it is a reproduption of the in-
serts surface roughness. Also the coated layers have high wear resistance,
therefore long duration of surface roughness and high precision machining are
attained by the invention.

On the contrary, samples 1-5 and 1-6 of the Comparative Example have a
rough surface roughness. The initial surface roughness of the work is rough,
since 1t is a reproduction of the inserts surface roughness. Consequently both

durations of the surface roughness are brief,
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The coated layer of sample 1-7 of the Comparative Example is too thick, and
consequently the coated layer has high stress and is liable to peel. Sample 1-8
of the Comparative Example has too thin a coated layer; consequently the coat-

ed layer has inferior wear resistance and diminished duration of surface

5 roughness.

The amount of CBN in the substrate of sample 1-9 of the Comparative Ex-

ample 1s too low; consequently the cutting edge is inferior in strength and liable

to chip, which cause diminished duration of surface roughness.

The substrate of sample 1-10 of the comparative contains too high an amount
10  of CBN; consequently wear of the substrate propagates rapidly and causes di-

minish duration of surface roughness.

Since Comparative Examples 1-11 and 1-12 have no coated layer, inferior

wear resistance cause diminished duration of surface roughness.

15 Example 2
The procedure of Example 1 was repeated to prepare samples 2-1 to 2-4, 2-8
and 2-11 of the present invention. Samples 2-2 to 2-7, 2-9, 2-10 and 2-12 of the
Comparative Examples were also prepared. The contents of CBN and composi-
tion of the bonding phase in the substrate were diversified in this example.

20 Cutting tests were carried out under the same condition as Example 1 using

resulting coated inserts. The results are shown in Table 2.
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Table 2
CBN sintered bodies Cutting test
Composition of Duration
CBN bonding material Surface { of surface
(volume%) powder roughness (3.2z) {Estimatio
(weight%) Ra(u m) |roughness
(min)
75 : TiNO.7
Example 25 Al
: T1INO.7
2-3 25 Al 75 Good
75 : TiNO.7
Comparaie| 26 "5 P Bad
Example 25 : Al
60 : 'I‘lCO 8
3
60 : T C0.8
60 : T100 8
E 1 '
Xxampie SR CREGEYE .

CBN sintered body : average CBN particle diameter : 1.5 (¢ m)

Composition of solder (weight %) : 70-Ag, 28-Cu, 2-T1 (melting point 780-800°C)
. Hard coated layer : TilN

Thickness of hard coated layer : 3.0 (£ m)
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X-ray diffraction patterns of the resulting sintered substrate revealed the
existence of CBN, TiN, TiB,(AlB,), AIN and a small amount of WC and Al,O;1n
sample Nos. 2-1 to 2-4 and Comparative Examples 2-5 and 2-6. CBN, TiC, AIN,
TiB, (AlB,) and a small amount of WC and Al,O; were found in sample 2-8 and

5 Comparative Examples 2-7 and 2-9. Also CBN, CoWB, Co,W,B, AIN, AlIB,, TiN,
WC and a small amount of Al,O, were found in sample 2-11 and Comparative
Examples 2-10 and 2-12. It is supposed that the reaction of Al and oxygen in
the mixed powder created Al,O..

Sample Nos. 2-1 to 2-4, 2-8 and 2-11 exhibited long duration of surface

10 roughness and can be used in precision machining, since wear and broken re-
sistance of CBN substrgte 1S Superior.

On the other hand, the substrates of Comparative Examples of Nos.2-5 to 2-

7, 2-9, 2-10 and 2-12 were inferior in wear resistance and toughness. Therefore

they had short duration of surface roughness for cutting hardened steel due to

15  the propagation of chipping and wear.

Example 3
Procedure of Example 1 was repeated to prepare samples of the present
invention. Comparative Examples 3-5,3-6,3-9 and 3-10 were also prepared.
20 Surface roughness of the substrates and mean diameter of the CBN particle

contained in the substrates were diversified in this example.
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are a reproduction of the inserts, is superior.

10 These samples had a long duration of surface roughness 3.2z and could be

used in precision machining, since the hard coated layer had high wear resis-

tance.

The surface roughness of the substrate in samples 3-7 and 3-8 as smoother

than other samples, therefore the surface roughness of the coated layer became
15 smoother. Consequently these samples are superior in initial surface roughness
and duration of the surface roughness (3.2z) of the work is superior.

On the contrary, the surface roughness of the substrates was small in Com-
parative Examples of 3-5 and 3-6 which had larger mean diameter of CBN par-
ticles, however the difference of the growth rate of the hard coated layer on

20  CBN particles and bonding phase emerged on the layer. Therefore the surface

roughness of the hard coated layer was rough and the duration of surface
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face roughness of the hard coated layer increased and the duration of surface

roughness (3.2z) decreased.

Example 4
5 The substrates of the samples 4-1 and 4-2 and Comparative Examples 4-3and
4-4 were prepared. The substrates were two-layers of CBN sintered body and
cemented carbide as shown in Figure 4. The CBN sintered bodies were bonded

to bases using solder having various compositions and melting points prior to

coating. Then they were coated with a TiN layer having 3.0 1 m thickness in the

10 same manner as Example 1. The slippage of the substrates on the bases and

bonding strength of solder and coated layer were examined in this example.
The results are also shown in Table 4.
X-ray diffraction patterns of the resulting sintered substrates revealed the
existence of CBN, TiN, TiB,, (AlB.), AIN and a small amount of WC, AL,O,. It is
15  considered that Al was oxidized and developed into Al,O, during the process of
making the binder powder and sintering the substrate.
It was found that the CBN sintered body and the base of Comparative Exam-

ple 4-4 slipped at the bonding portion because the solder having a melting point

of 600°C was melted due to the rise in temperature during coating. Therefore

20  the sample could not be used as cutting inserts. The solder used in Compara-

tive Example 4-3 had a melting point of 650°C and did not include T1. Shght

shppage was found at the bonding portion of the CBN substrate and base. On

the other hand, there was no shippage at the bonding portion of the CBN sub-

T o dmard sleaf aca v ot b G R T IV S0 EARE D B L A Ay el cs e e L
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strate and base in samples 4-1 and 4-2 of the present invention, as they were

bonded by solder having a melting point of higher than 700°C.

The coated layer was peeled at the solder pond of the bonding portion be-
tween the CBN substrates and bases in the Comparative Examples 4-3 and 4-4
whose solder did not contain Ti. On the other hand, the coated layer was not
peeled in the Examples 4-1 and 4-2 whose solders contajned T1, because the
reaction of Ti and TiN at the surface of the solder increased the bonding
strength. The more the amount of Ti was contained in solder, the stronger the

adhesion of the coated layer and solder.

Table 4

Slip of |Adhesion strength

bonding
portion

Melting point
(°C)

Composition of solder

(weight%) between solder

and coated layer

Example .
49 : Ag, 23:Zn, 16: |
E 1

40 : Ag, 21.5:7Zn,
19.7: Cu, 18.8: Cd

CBN sintered body : bonding material powder (weight %) ; TINO.7: Al=175: 25

CBN sintered body : CBN content 55(volume %)

CBN sintered body : average CBN particle diameter : 1.5 U m

Hard coated layer: TiN

Thickness of hard coated layer : 3.0 (1 m)
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KExample 5
The procedure of Example 1 was repeated to prepare the pre-coated samples

of 5-1 to 5-8. Comparative Example 5-9 which had no-coated layer was also

prepared. Constructions of a coated layer such as a mono-layer and multi-layer,

5 and composition were evaluated in Example 5. “The first layer” was located at

the substrate side and “the third layer” was located at the surface side of the

coated layers in Table 5.

Cutting tests were carried out under the same condition as Example 1 using

the resulting inserts. The results are shown in Table 5.

10 X-ray diffraction patterns of the resulting sintered substrates revealed the

considered that Al was oxidized and developed into AL, during the process of

making the binder powder and sintering the substrate.

Since all of the samples 5-1 to 5-8 had smooth coated layers as shown in Ta-

15 ble 5, the inserts were superior in the initial surface roughness which is a re-
production of the coated layer. It was clear that these samples had a long dura-
tion of surface roughness of 3.2z and could be used in precision machining since
these coated layers had high wear resistance. Since samples 5-1 to 5-5 con-
tained at least one layer of TiN or TYAIN , wear of the coated layer was uniform

20
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What 1s claimed 1s:

1. A coated PCBN cutting tool, comprising a substrate and hard coated layer

on said substrate

(a) said substrate containing not less than 35 volume % and not more than
5 85 volume% of CBN;
(b) said hard coated layer comprising at least one compound layer consisting
of at least one element selected from group 4a, 5a, 6a elements of the
periodic table and Al and at least one element selected from C, N and O;

(¢) thickness of said hard coated layer being not less than 0.3 x m and not
10 more than 10 z m;

(d) center-line mean roughness Ra of the hard coated layer being not more

than 0.2 z m.

2. The coated PCBN cutting tool as claamed in claam 1, wherein said substrate
contains a bonding material;

15 said bonding materials comprising at least one member selected from a
egroup of nitride, carbide, boride and oxide of 4a, 5a, 6a elements of the peri-
odic table and a solid solution thereof and at least one member selected from
a group consisting of AIN, AlB,, Al,O, and their solid solutions.

3. The coated PCBN cutting tool as claimed 1n claim 1, wherein said CBN par-

20 ticle 1n the substrate has a mean diameter of not more than 4.0 z m.

4. The coated PCBN cutting tool as claimed 1n claim 1, wherein said substrate
1s bonded to a base with solder;

said base 1s at least one member selected from a group of cemented carbide,
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ceramics, cermet and iron group metals,
said solder contains Ti and has a melting point of higher than 650C.
5. The coated PCBN cutting tool as claimed in claim 1, wherein said hard
coated layer contains at least a layer of TiN.
5 6. The coated PCBN cutting tool as claimed in claim 1, wherein saad hard
coated layer contains at least a layer of TiAIN.
7. The coated PCBN cutting tool as claimed in claim 1, wherein center-line

mean roughness of the hard coated layer is not more than 0.1 x m.
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