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The present invention relates to a multilayer coated cutting tool comprising a cemented carbide body (2) with at least one sintered—on
inlay (3) containing polycrystalline cubic boron nitride forming at least one cutting edge (4). The invention reduces crater wear of the rake
face of the tool, by reducing chemical interaction between tool and workpiece/chip material, and it relieves problem of identifying used
edges of indexable inserts. The tool is provided with a coating (5) by thermal CVD of multilayer type comprising: a first, innermost, layer
of TiCxNyO, with x+y+z=1, with y > x and z < 0.2, with equiaxed grains with size < 0.5 zm and a total thickness < 1.5 pm; a second layer
of TiCxNyO, with x+y+z=1, preferably with z=0, x > 0.3, most preferably x > 0.5, having a thickness of 1-8 xm, with columnar grains; a
third layer of a smooth, fine~grained (grain size about 1 pm) layer of & or & —AL203 mixtures thereof, with a thickness of 2-10 pm,
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Cubic boron nitride cutting tool

The present invention relates to a coated cutting
tool, more specifically to a multilayer coated
polycrystalline cubic boron nitride tool, and a method
of its production.

Cutting tools in the form of, e.g. indexable inserts
having cutting edges made from of polycrystalline cubic
boron nitride (PcBN) have been used for many vears in
chip forming machining of ferrous materials. Attractive
properties of the PcBN include high toughness, good high
temperature hardness and relatively high chemical
inertness.

Normally, the PcBN used for cutting tools is a
compound which consists of cubic boron nitride (c¢BN),
mixed together with other hard constituents and/or
metallic binder. The compound is sintered in a high
temperature-high pressure process, often together with a
cemented carbide support. Two main types of PcBN
materials are presently being used for tools:

- One type of such a PcBN material contains more

N

than 80 % c¢BN by weight and remaining portion consists
of a metallic binder phase, usually Co that originates
in the cemented carbide part of the tool. An example of
such a material is disclosed in US 5,326,380. Tools made
from this kind of, so-called, high c¢BN content PcBN
material are often used for machining of cast irons.

- Another type of PcBN material contains less cBN,
about 60% cBN by weight, and the remainder is other hard
and wear-resistant constituents such as carbides,
nitrides, carbonitrides, oxides, borides of the metals
of groups IVa to VIa of the periodical system, commonly
Ti. An example of such a material is described in US
Patent application 08/440,773. This kind of, so-called,

low ¢BN content PcBN material is mainly used in cutting



WO 98/28464 PCT/SE97/02161

10

15

20

25

30

35

tools designed for machining of hardened steels and
other hard materials.

Traditionally, PcBN tools consist of a PcBN inlay
brazed into a pocket in a cemented carbide body, thus
forming a cutting tool, which is subsequently ground to
proper standard finished dimensions. Solders that are
commonly used for brazing have melting points in the
range of 600-840 ©C, which temperature defines an upper
limit of thermal load in machining operations. If the
temperature at the cBN/cemented carbide body bond is
increased close to or beyond the melting point of the
solder, the inlay might slide and cause malfunction of
the tool.

An improvement of the PcBN concept is disclosed in
US patent application 08/446,490 in which is described a
metal cutting insert comprising a cemented carbide body
and at least one body of superhard abrasive material,
such as polycrystalline diamond (PCD) or PcBN, bonded to
an edge surface of the body and extending from one side
surface to the other side surface thereof. There can be
a plurality of superhard bodies disposed at respective
corners of the body. The abrasive material is applied to
the body in a container and then sintered and
simultaneously bonded to the body in an elevated
pressure/temperature step. Inserts can, for instance, be
made either in rod form, i.e. in one piece, which
thereafter can be transversely sliced into thin inserts,
or the inserts can be made in separate pieces, with or
without separators within the container.

In machining with PcBN tools, problems with crater
wear of the PcBN phase often occur. The cause is a
combination of abrasive wear and chemical dissolution of
the tool material into the chip which gradually weakens
the cutting edge, a process eventually leading to edge

breakage. The chemical wear is caused by a chemical
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reaction between the tool material and the work piece at
the elevated temperatures induced in the cutting zone.
In a typical machining operation using the PcBN, tool
wear on the flank is usually small or very small. This
renders used edges difficult to distinguish from unused
ones. The small wear marks on the insert flank are
difficult to observe with bare eyes.

The objective of the present invention is to provide
a wear resistant cutting tool, and a method of its
production. The tool is meant for chip forming machining
of hard to machine materials as for example hardened
steels and cast irons. The invention reduces problems
associated with chemical dissolution, crater wear, of
the tool material on the rake face, and thus prolonging
service life. It also solves problems of identifying
used edges of an indexable tool.

The tool concept consists of a substrate formed by a
cemented carbide body containing sintered-on PcBN inlays
at at least one cutting edge, mentioned inlays having at
least 40% cBN by weight, said substrate being provided
with a multilayer wear resistant coating which is
deposited using a high temperatures CVD process in high
volume reactors.

Basically, the multilayer coating is constituted of
a first, a second and a third layer, having excellent
adhesion, wear resistance and chemical stability,
respectively. Further adhesion enhancing, and diffusion
retarding intermediary layers are optional, as are an
outer layer of non-black coating for easier detection of
used cutting edges.

Thanks to the lack of solder bond, the tool of the
invention may be coated using a high temperature CVD
process 1in economical production scale equipment. The so
coated tool shows excellent coating adhesion with a

favourable degree of chemical reaction between the
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sintered superhard inlay and the coating. The out-
diffusion of binder phase elements from the superhard
inlay into the coating may be controlled by the
formation of an intermediate layer, this layer also
having the beneficial effect of creating improved
adherence between two subsequent coating layers due to
its high specific surface. The use of high temperature
CVD process also enables deposition of aluminium oxide,
which significantly increases the oxidation- and crater-
wear resistance for the PcBN tool, according to the
invention. A combination of the high temperature CVD
coatings provides a PcBN tool with attractive properties
that expands the present technical application areas for
PcBN tools. The practical use of the tool may further be
improved by depositing a non-transparent, non-black
surface layer for easier detection of used edges.

Fig. 1 shows a top view of a coated PcBN cutting
tool (1) comprising a cemented carbide body (2) with a
sintered-on inlay (3) forming a cutting edge (4).

Fig. 2 illustrates a diagonal cross section of the
coated PcBN cutting tool where (5) is the coating and
(6) 1is the edge surface extending from one side surface
(7) to an other side surface (8).

Fig. 3 shows a detailled cross sectional view of a
multilayer coated PcBN tool with (9) being the first
layer, (10) the second layer, (11) the third layer and
(12) an optional outer, non-black, layer.

The cutting tool according to the invention can be
of any shape containing a cemented carbide body with
sintered-on inlays of superhard abrasive material at the
cutting edge or cutting edges, e.g. drills, end mills,
indexable inserts, preferably a multi-corner type insert
made according to US patent application 08/446,490. A
schematic top view of a preferred embodiment of the

disclosed tool is shown in Figure 1. An indexable insert
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(1) comprises a cemented carbide body (2), and at least
one sintered-on inlay (3) of superhard abrasive
material, such as PCD or PcBN, bonded to an edge surface
(6) of the body (2) and preferably extending from one
side surface (7) to an other side surface (8) thereof,
as shown in the schematic cross section along a diagonal
of the insert (1) in Fig. 2. There can be a plurality of
superhard inlays (3) disposed at other edge surfaces of
the body (2), yielding at least one cutting edge (4).
The superhard abrasive material inlay (3) is applied to
the body (2) as a powder, in its unsintered condition,
in a container and then sintered and simultaneously
bonded to the body (3) in an elevated pressure/tempera-
ture step. Tools can, for instance, be made in rod form,
i.e. a tool in one piece, which in the preferred
embodiment may be transversely sliced into thin inserts,
or the inserts can be made in separate pieces, with or
without separators within the container.

The cemented carbide body (2) is preferably of WC-Co
with 10-20%, most preferably 15-17% Co by weight.

The PcBN inlay (3) contains more than 40% <BN by
weight, in one preferred embodiment 50-70% ¢BN, or in an
alternative preferred embodiment, more than 80% c¢BN,
depending on the desired type of PcBN material as
described earlier in the text. The balance consists of
metal binder, such as Co, and of hard and wear-resistant
ceramic constituents such as carbides, nitrides,
carbonitrides, oxides, borides of the metals of groups
IVa to VIa of the periodical system as known in the art,
preferably titanium. In one preferred embodiment the
binder is of ceramic type and in an alternative
preferred embodiment the binder is metallic.

The coating (5) shown in the cross section in Fig. 2
is of multilayer type comprising combinations of any

number of layers, at least three, of M(N,C,0) where M is



WO 98/28464 PCT/SE97/02161

10

15

20

25

30

35

a metal from groups IVa to VIa of the periodic system,
and Alp03. Fig. 3 shows the cross section in greater
detail. In one embodiment the multilayer coating
comprises;

- a first, innermost, layer (9) of TiCXNyOZ with
x+y+z=1, preferably y>x and z<0.2, most preferably v>0.8
and z=0, with equiaxed grains with size <0.5 Um and a
total thickness <1.5 um preferably >0.1 um.

- a second layer (10) of TiCyNy,Oz with x+y+z=1,
preferably with z=0, x>0.3, most preferably x>0.5,
having a thickness of 1-8 um, preferably 3-7 um, with
columnar grains having an average diameter of <5 um,
preferably 0.1-2 um. The second layer (10) may be
deposited using conventional thermal CVD- or preferably
by MT-CVD-techniques.

- a third layer (11) of a smooth, fine-grained
(grain size about 1 um) o- or k-Aly03 layer or mixtures
thereof having a thickness of 2-10 um, preferably 3-5 n
m. Preferably, the third layer (11) of Al;03 is the
outermost layer but it may also be followed by further
layers preferably a thin (<2, preferably 0.01-0.5 pm)
layer (12) of a non-black coating, e.g. TiN for easier
detection of used edges.

- Optionally, in case z=0 for the first and second
TiCXNyOZ—layers there may be one or more intermediary
layers of TiCXNyOZ with x+y+z=1, 0.1<z<0.5, (preferably
x=0.6, y=0.2 and 2z=0.2) with a thickness in the range of
0.1-2.0 um, preferably 0.1-0.5 pum, having equiaxed or,
preferably needlelike, grains of size <0.5 um, deposited
on the tool (1) replacing the first layer, or prior to
the first layer, or on the first layer prior to the
second, and so forth. Preferably, the intermediary layer
is present between the first and the second layer and/or
between the second layer (10) and the third layer (11).

Such intermediary layers have the beneficial property of
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increasing adhesion between two subsequent coatings in
the multilayer structure, and they also to a substantial
degree limit out-diffusion of binder phase from the
underlying cemented carbide body or the cBN inlay.

The so coated inserts may be mechanically treated in
order to further improve tool performance. Examples of
such post treatments are brushing or blasting which make
the inserts not only more smooth and shiny, but also
reduce the affinity to the work piliece material and
change the stress state of the coating. Especially, the
edge line performance is improved by the mechanical
treatment so that the edge line becomes more smooth and
less likely to suffer from flaking. In doing this, the
outer TiN layer (12) may be removed partially or
completely and an underlying AlpO3-layer (11) partially
or completely removed along the cutting edge.

The present invention also relates to a method of
depositing a multilayer coating using thermally
activated chemical vapour deposition (CVD) procedures
performed in a production scale, cylindrical, hot-wall
CVD reactor, preferably equipped with a central,
rotating gas distributor tube, hence the process gas is
flowing radially. The method can be carried out by a
deposition process using in itself known CVD methods at
temperatures in excess of 850 °C with;

-a first layer of TiCyNyO, with a thickness of 0.1-2
um, with equiaxed grains with size <0.5 um;

-a second layer of TiCyxNy,O, with a thickness of 2-15
Hm with columnar grains and with a diameter of <5 um
using MTCVD-technique with acetonitrile as the carbon
and nitrogen source for forming the layer, preferably at
a temperature range of 850-900 ©C;

-a third layer of a smooth 0~ or k-AlyO3-layer with
a thickness of 2-10 um;
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-an optional outer layer of non-transparent, non
black coating of, e.g. TiN with a thickness of <2,
preferably 0.01-0.5 pm.

In a preferred embodiment at least one intermediary
layer of TiCyNyOp is deposited with a thickness of 0.1-2
um, and with eguiaxed or needle like grains with size
<0.5 pm, using known CVD-methods, and in case of z>0,
the oxygen being introduced by means of COy or CO
additions to the process gas.

In a further preferred embodiment the outer and the
third layer are, partially or completely, removed from a
region along the cutting edge by mechanical brushing or

grit blasting.

Example 1
Indexable multi-corner inserts consisting of a

cemented carbide body with composition 15% Co by weight
and 85% WC were provided with sintered-on PcBN inlays
having a ¢BN content of 60% by weight and 40% of
Ti(C,N). The insert was of the shape CNGN 120408 S01020,
and the inlays were firmly sintered on to the cemented
carbide body, as described above and in more US patent
application 08/446,490. The inserts were subsequently
coated using a thermal CVD process, described in more
detail below.

The coating procedure was performed, according to
the description above, in a production scale cylindrical
hot-wall CVD reactor equipped with a central, rotating
gas distributor tube, with gas flowing in the radial
direction. The tools were coated by a nultilayer
according to the following: A 0.5 um equiaxed first
TiCN-layer followed by a 4 um thick second TiCN-layer
with pronounced columnar grains by using the MTCVD-
technique (process temperature 850 ©C and CH3CN as the

carbon/nitrogen source). In subsequent process steps
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during the same coating cycle, a 1 um thick intermediary
layer of TiCyN,,O, (about x=0.6, y=0.2 and z=0.2) with
needle-like grains was deposited. A third layer was
grown, which was a 5.5 um thick layer of 0-Al503
deposited at a temperature of 1020 °C, according to
conditions given in Swedish patent 501 527. Finally, a
0.3 um outer coating of TiN was applied, as a decorative
layer which also facilitated detection of used tool
cutting edges.

The multilayer coating exhibited excellent
adherence, to the PcBN inlay as well as to the cemented
carbide body. A net-work of cooling cracks was detected
using SEM. Also, visible by optical microscopy in a
polished cross section, were 0.5-1.0 um sized spots of
metallic Co, located at the interface between the second
layer, and the intermediary layer. The Co was
originating in the PcBN inlay, and was diffusing out
through the first and the second layer during the
coating process. However, the intermediary layer blocked
further outdiffusion, causing the Co to collect
underneath it. In this way it was possible to thwart
degradation of the third alumina layer and its adhesion,

by formation of undesired Co-containing phases.

Example 2
A tool was prepared as set forth in example 1 except

that the third alumina layer consisted of x-alumina,
which surface had a smoother appearance than that of -

alumina.

Exanmple 3
A tool was prepared as set forth in example 1 except

that the tool was also subjected to a post coating

mechanical procedure of blasting using 160 mesh alumina
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grit and a blasting pressure of 2.2 bars. The procedure

rendered the tool surface a smooth appearance.

Example 4
A tool was prepared as set forth in example 1 except

that the additional intermediary layer of 0.5 pm thick
TiCXNyOZ (about x=0.6, y=0.2 and z=0.2) with needle-1like
grains was deposited between the first and the second
layer. By this it was possible to even further limit the

Co out diffusion from the cemented carbide or cBN.

Example 5
A coated insert according to example 1 was compared,

in a turning test, to an uncoated reference insert of
the same type. The test parameters were:
Work piece material: Hardened ball bearing steel

DIN 100CrMo6é with a hardness of 60 HRC.

Cutting speed 100 m/min
Feed 0,20 mm/rev
Depth of cut 0,15 mm

Type of operation facing
Cutting fluid ves

Tool life criterion edge breakage

The coated cutting tool lasted 95 passes before
breakage, while the uncoated reference suffered breakage
after only 60 passes. The coated tool showed less flank
wear compared to the uncoated reference. The main
difference in edge performance, however, is that the
coated tool exhibited significantly less crater wear
than that of the uncoated reference after the same
machining time. Tool failure in both cases occurred due
to crater wear, a process in which the tool material is
gradually dissolved in the chip, and thus material is

being removed from the tool surface. As the crater
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reaches larger size and depth the cutting edge is
gradually weakened, until catastrophic failure entails.
This dissolution proceeded to a significantly lesser

extent for the coated tool than for the uncoated one.
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Claims

1. A polycrystalline cubic boron nitride (PcBN) tool
comprising a cemented carbide body, having at least one
sintered-on inlay at an edge surface of the body, said
inlay containing more than 40% by weight polycrystalline
cubic boron nitride, forming at least one cutting edge
characterisedin having a multilayer coating
consisting of a combination of any number of layers of
M(N,C,0) where M is a metal from groups IVa to VIa of
the periodic system, and Al;03 with total thickness of
the multilayer in the range of 5-14 um.

2. A tool, according to claim 1,
characterisedin that the multilayer coating
comprises at least a first, a second, and a third layer;

- the first layer being TiCyN,O, with x+y+z=1, with
y>x and z<0.2, preferably y>0.8 and z=0, with equiaxed
grains with size <0.5 Um and a total thickness <1.5 pum,
preferably <0.5 um;

- the second layer being TiCyN,O5; with x+y+z=1,
preferably z=0 and x>0.3, most preferably x>0.5, having
a thickness of 1-8 pm, preferably 3-7 um, with columnar
grains having an average diameter of <5 um, preferably
0.1-2 Um;

- the third layer being a smooth, finegrained (grain
size about 1 um) layer of a- or k-Aly03 or mixtures
thereof with a thickness of 2-10 um, preferably 3-6 um.

3. A tool according to any of the claims 1-2,
characterisedin that the multilayer coating
further comprises at least one <1.0 um, preferably 0.1-
0.5 um thick intermediary layer of TiCyNyO, with
x+y+z=1, y<0.1, 0.1<z<0.5, with eguiaxed or preferably
needlelike grains of size <0.5 um said intermediary
layer being located in at least one of the following

positions:
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between the cemented carbide or polycrystalline
cubic boron nitride and the first layer,

between the first and the second layer, or

between the second and the third layer.

4. A tool, according to claim 3,
characterisedin that the intermediary layer
is present between the second and the third layer.

5. A tool, according to claim 3,
characterilsedin that the intermediary layer
is present between the first and the second, and between
the second and the third layer.

6. A tool according to any of the preceding claims,
characterisedin that the cemented carbide
body consists of WC-Co with 10-20% Co, preferably 15-17%
Co by weight.

7. A tool according to any of the preceding claims,
characterisedin that the multilayer coating
is partially removed from a region along the cutting
edge.

8. A method of manufacturing the PcBN tool in any of
the proceeding claims c har acterizedin that
saild tool is coated using in itself known CVD methods at
temperatures in excess of 850 °C with;

-a first layer of TiCyxN,O, with a thickness of 0.1-2
um, with equiaxed grains with size <0.5 pum;

-a second layer of TiCyN,,O, with a thickness of 2-15
pm with columnar grains and with a diameter of <5 um
using MTCVD-technique with acetonitrile as the carbon
and nitrogen source for forming the layer preferably at
a temperature range of 850-900 ©C;

-a third layer of a smooth 0- or K-Aly03-layer with
a thickness of 2-10 Mm;

-an optional outer layer of non-transparent, non
black coating of, e.g. TiN with a thickness of <2,
preferably 0.01-0.5 um.
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9. A method according to claim 8,
characterizedin that at least one
intermediary layer of TiCXNyOZ is deposited with a
thickness of 0.1-2 um, and with equiaxed or needle like

5 grains with size <0.5 pm, is grown using known CVD-
methods, and in case of z>0, the oxygen being introduced
by means of COy or CO additions to the process gas.

10. A method according to claim 8 or 9,
characterizedin that the outer, and the

10 third layer are, partially or completely, removed from a
region along the cutting edge by mechanical brushing or

grit blasting.
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Figure 3
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