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(57) Abstract

The present invention describes a coated CBN cutting tool for metal machining. The tool consists of one or more CBN bodies with
or without cemented carbide backing. The coating is composed of one or more layers of refractory compounds of which at least one layer
consists of fine—grained, crystalline y—phase alumina, Al,O3, with a grain size less than 0.1 gm. The v—phase alumina is deposited with a
Plasma Activated Chemical Vapor Deposition (PACVD) process in which the plasma is produced by applying a bipolar pulsed DC voltage
across two electrodes to which the tool substrates to be coated are fixtured and electrically connected.
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WO 00/70120 PCT/SE00/00974

Al>03_ COATED CUTTING TOOL

The present invention relates to a cutting tocl for
metal machining, comprising at least one body containing
PCBN, (polycrystalline cubic boron nitride), with or
without cemented carbide backing, and on the surface of
said body a hard and wear resistant refractory coating.
The coating is adherently bonded to the body and covers
all functional parts thereof. The coating is composed of
one or more layers of refractory compounds of which at
least one layer consists of fine-crystalline y-Alj03,
deposited by Plasma Activated CVD-methods (PACVD).

Cutting tools having cutting edges formed of a su-
perhard abrasive such as a cubic boron nitride (CBN)
based material are manufactured by powder metallurgical
techniques and are mainly used for the machining of cast
iron and hardened steel. Several types of CBN cutting
tools are known, the majority of which consisting of a
CBN tip that has been brazed onto a cemented carbide in-
gsert. Others have the CBN sintered directly to a cemen-
ted carbide backing of sufficient thickness to produce
an insert while yet others consist of solid CBN without
any cemented carbide backing.

Subjecting a sintered CBN body to temperatures over
1000 ©C may result in undesirable structural changes in
the material. Furthermore, in the case of a brazed in-
sert the braze joint will be destroyed.

Swedish patent application 9704387-1 discloses a
method for depositing refractory alumina (Al703) thin
layers on cutting tools made of cemented carbide, cer-
met, ceramics or high speed steel. The invented method
is a Plasma Activated Chemical Vapor Deposition (PACVD)
process in which the plasma is produced by applying a
bipolar pulsed DC voltage across two electrodes to which
the tool substrates to be coated are fixtured and elec-

trically connected.
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WO 98/28464 discloses in the example that by

applying a coating including a MTCVD-TiCN and a CVD-
Al50O3-layer to such a CBN tool material, substantial
advantages in tool life can be achieved when machining
hardened ball bearing steel. ‘

US 5,503,913 proposes for the improvement of the
wear properties of tools with cutting edge of cubic bo-
ron nitride or polycrystalline cubic boron nitride to
coat the superhard body with a 0.5-6 WM thick coating
of one or more oxides of the metals Zr, Y, Mg, Ti or Al.
The coating is deposited from the gas phase at tempera-
tures up to 800 ©C, preferably using a pulse plasma CVD-
process.

According to the present invention there is pro-
vided a cutting tool comprising at least one body con-
taining at least 35 vol-% cubic boron nitride, CBN, onto
which a hard and wear resistant refractory coating is
deposited. Said wear resistant coating is composed of
one or more layers of refractory compounds of which at
least one layer, preferably the outermost layer,
consists of y-Aly03 deposited by PACVD techniques at
substrate temperatures of 500 to 800 ©C. Said y-Aly03-
layer consists of high-quality, dense, fine-grained
crystalline Al,03. The layer is transparent and has a
very smooth surface finish. It is further characterized
by a high hardness larger than or equal to 19 GPa and a
grain size estimated between 5 and 200 nm. Furthermore,
the y-Al,03-layer is virtually free of cracks. The inner
layer/s), if any at all, between the tool body and the
Al,03-layer, is/are composed of metal nitrides and/or
carbides with the metal elements selected from Ti, Nb,
Hf, V, Ta, Mo, Zr, Cr, W and Al.

In a first embodiment the PCBN material according
to the invention contains more than 70 vol-% CBN with 5-
10 wt% AIN and a metallic binder phase, generally Co,

originating from the cemented carbide backing of the
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tool. This material is particularly useful for the ma-
chining of cast iron.

In a second embodiment the PCBN-material contains
less than 70 vol-% CBN the remainder being other hard
wear resistant constituents such as carbides, nitrides,
carbonitrides, oxides or borides of the metals of groups
IVA to VIA of the periodic table usually TiC, TiN or
Ti(C,N). An example of such a material is disclosed in
US 5,639,285. This kind of PCBN-material is mainly used
in cutting tools for machining of hardened steel.

Often, the PCBN material also contains smaller
amounts (typically <10 wt% each) of other components,
e.g. Co, Ni, WC, Al, AIN and Al;03.

In a third embodiment PCBN cutting tool is manu-
factured without cemented carbide backing or support.
Usually such a product consists of more than 80 vol-%
CBN the remaining portion being a metallic binder phase
generally Co.

In a fourth embodiment the PCBN cutting tool con-
sists of a CBN-containing material attached to a sub-
strate, preferably cemented carbide, by brazing,
sintering or in any other way. The cemented carbide is
preferably WC-Co with 10-20, preferably 15-17, wt-% Co.

The y-Al,03-layers according to the invention fur-
ther give the cutting edges of the tool an extremely
smooth surface finish which results in an improved sur-
face finish also of the work piece being machined. The
very smooth surface finish can be attributed to the very
fine crystallinity of the coating. The "y-Al,03"-layers
may also partially contain other phases from the "y-se-
ries" like 0, & and m. Identification of the y- and/or 0-
phases in the Al,03-layers according to the invention
can preferably be made by X-ray diffraction. Reflexes
from the (400) and (440) planes of the y-Alp;0O3-layers
occurring at the 20-angles 45.80 and 66.80 when using

Cugq radiation, unequivocally identifies the y-phase.
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Weaker reflexes from the (222), (200) and (311) planes
of the y-phase can occasionally be identified. When the
0-phase is present in the Al,03-layers according to the
invention, said phase is identified by the reflexes from
the (200, 20-2) planes.

The fine-grained, crystalline y-Al,03 according to
the invention is strongly textured in the [440]-direc-

tion. A Texture Coefficient, TC, can be defined as:
{(hkl) 1 Z (hkl) -1
C(hkl) = 1 T, (hkl) T, (hK1)

I(hkl) = measured intensity of the (hkl) reflection
Io(hkl) = standard intensity from the ASTM standard

where

powder pattern diffraction data

n = number of reflections used in the calculation

(hkl) reflections used are: (111), (311), (222),
(400) and (440) and whenever the TC(hkl)>1, there is a
texture in the [hkl]-direction. The larger the value of
TC (hkl), the more pronounced is the texture. According
to the present invention, the TC for the set of (440)
crystal planes is > 1.5.

A further improvement in cutting performance can be
anticipated if the edges of the y-Alp03 coated cutting
tools according to the invention are treated by a gentle
wet-blasting process or by edge brushing with brushes
based on e.g. SiC as disclosed in US 5,861,210.

The total coating thickness according to the pre-
sent invention varies between 0.5 and 20 um, preferably
between 1 and 15 um, with the thickness of the non-
Al,03-layer(s) varying between 0.1 and 10 um, preferably
between 0.5 and 5 um. The fine-grained y-Al,0O3-coating
can also be deposited directly onto the CBN cutting tool
and the thickness of said y-Al;03 varies then between
0.5 and 15 um, preferably between 1 and 10 um. Likewise

further coatings of metal nitrides and/or carbides with
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metal elements selected from Ti, Nb, Hf, Vv, Ta, Mo, Zr,
Cr, W and Al can be deposited on top of the Al,O03-layer,
preferably TiN.

The method is based on a plasma activation of a
reaction mixture of the chemical reactants AlClz, Hp and
Ar together with an oxygen-donor Oy, COp, CO and NpO.
Preferably the oxygen-donor is Op. Applying a bipolar
pulsed DC voltage across two electrodes produces the
plasma or two sets of electrodes to which the substrate
bodies to be coated are fixtured and electrically con-
nected. Alternatively, the reactor wall may serve as an
electrode. The two electrodes or the two sets of elec-
trodes alternately act as anode(s) and cathode(s). The
alternation of the voltage pulse applied to the elec-
trodes between positive and negative potential has se-
veral advantages. Firstly, the undesirable built-up
electrical charge on non-conducting surfaces during the
negative pulse period will be discharged during the
positive pulse period and, by selecting a high enough
frequency, >5 kHz, of the bipolar pulsed DC voltage,
arcing can be eliminated. This will permit stable, long-
term processing. Secondly, if no pause time between the
positive and the negative pulses is allowed for, the
plasma will constantly be activated resulting in a
higher deposition rate compared to prior art unipolar
pulsed DC voltage techniques. A further advantage of the
method is that the growth rate of the coating is
practically constant on all surfaces alike, edges,
corners and flat surfaces of the body subjected to coat-
ing. The method, bipolar pulsed DC voltage PACVD, can
also successfully be used for the deposition of non-
insulating coatings such as TiC, TiN, TiCN and TiAlN, or
other carbides and/or nitrides with the metal element
chosen from Nb, Hf, V, Ta, Mo, Zr, Cr and W.

In order to attain optimum coating quality and

growth rate when applying the bipolar pulsed DC voltage
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technique, the frequency, pulse amplitudes, positive and
negative pulse on/off times can be varied which is il-
lustrated in Fig. 1. A frequency in the range 5-100 kHz
can be used, preferably 8-20 kHz. The pulse amplitudes
can vary between 300 and 1000 Volts, preferably between
600 and 900 Volts, and the negative and positive pulse
on times as well as the negative and positive pulse off
times (zero potential) within the period T of the pulsed
DC voltage can also be varied in order to modify the
coating properties and the stability of the process.
Following the definitions of the parameters P,, P_, ti,
t-, Ay and A_ below:

Pulse on time positive=P4

Pulse on time negative=P_

Pulse off time positive=t;

Pulse off time negative=t_

Positive pulse amplitude=A,

Negative pulse amplitude=A_

where P_ 2 P, 2 0.1P_, preferably 0.5P_. 2 P, 2
0.1P_, and where also P_ 2> 0.1T. The negative and posi-
tive pulse off times should be set to larger or equal to
zero i.e. t- 2> 0 and t; 2 0. The amplitude A, is essen-
tially of equal magnitude as amplitude A_.

The following gas composition, process pressure and

substrate temperature may be used:

Possible range Preferred range
AlClj 0.1-2 % 0.2-0.4 %
6] 0.1-3.9 % 0.1-2.0 %
Ho 25-95 % 70-80 %
Ar 5-75 % 20-30 %
Op/AlClz-ratio >1.5 1.5-2.5
Process
pressure: 0.05-1 kPa 0.1-0.4 kPa
Substrate

temperature: 500-800 ©C 600-700 ©C
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It is within the purview of the skilled artisan to
determine whether the requisite grain size and phase
compositions have been obtained and to modify the depo-
sition conditions in accordance with the present speci-

5 fication, if desired, to effect the structure of the

Al703 coating within the frame of the invention.
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Claims

1. Cutting tool comprising a substrate and a coat-
ing said substrate comprising a body containing at least
35 vol-% cubic boron nitride and said coating comprising
at least one thin layer of alumina
characterisedin that said alumina layer es-
sentially consists of y-Al,03 with a grain size between
5 and 200 nm.

2. Cutting tool according to claim 1
characterisedin that the Aly;03-layer exhi-
bits significant X-ray diffraction reflexes from at
least one of the (440) and (400) crystal planes, said at
least one or more layers having a hardness of at least
19 GPa.

3. Cutting tool according to claim 1
characterisedin that the Alp;03-layer has a
preferred growth orientation in the [440]-direction with

a texture coefficient >1.5 defined as below

I(hkl) 1 I(hkl) -1
TC(hk1) = To(mk1) {n ZaTo(hk1))
where
I(hkl) = measured intensity of the (hkl) reflection

I, (hkl) = standard intensity from the ASTM standard
powder pattern diffraction data

n = number of reflections used in the calculation

(hkl) reflections used are: (111), (311), (222),
(400) and (440).

4. Cutting tool according to any of the previous
claims characterisedin that the fine
grained crystalline y-Al,;03-layer contains portions (de-
tectable by XRD technique) of additional alumina phases
from the y-series of the Al,03-polymorphs, preferably 6-
phase.

5. Cutting tool according to any of the previous
claims characterisedin having at least one

layer of thickness 0.1-10 um, preferably 0.5-5 pm, com-
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prising metal nitrides and/or carbides with the metal
element selected from Ti, Nb, Hf, VvV, Ta, Mo, Zr, Cr, W
and Al, preferably TiC, TiCN, TiN or TiAlN.

6. Cutting tool according to any of the previous
claims c haracterisedin that the outer layer
is Aly03.

7. Cutting tool according to any of the previous
claims c haracterisedin that the outer layer
is TiN.

8. Cutting tool according to any of the previous
claims c haracterisedin that the PCBN mate-
rial contains more than 80 vol-% CBN, the remaining por-
tion being a metallic binder phase generally Co.

9. Cutting tool according to claims 1-7
characterisedin that the PCBN material con-
tains <70 vol-% CBN, the remainder being other hard wear
resistant constituents such as carbides, nitrides, car-
bonitrides, oxides or borides of the metals of groups
IVA to VIA of the periodic table, preferably TiC, TiN or
Ti(C,N).

10. Cutting tool according to any of the previous
claims c haracterisedin that said tool con-
sists entirely of the CBN-containing material.

11. Cutting tool according to any of claims 1-9
characterisedin that said tool consists of
the CBN-containing material attached to a substrate,
preferably cemented carbide, by brazing, sintering or in
any other way.

12. Cutting tool according to claim 11
characterisedin that the cemented carbide
is WC-Co with 10-20, preferably 15-17, wt-% Co.

13. Method of making a cutting tool according to
claim 1 by a Plasma Activated CVD (PACVD) method
characterized in that the plasma is produced by
a bipolar pulsed DC voltage applied between two elec-

trodes or two sets of electrodes to which the substrate
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bodies to be coated are fixtured and electrically con-
nected, and said electrodes or set of electrodes alter-
nately act as anode(s) and cathode(s), that the chemical
reactants are AlCl,, H, and Ar together with an oxygen-
donor O,, CO,, CO or N,0, that the pulse frequency is set
between 5 and 100 kHz, preferably between 8 and 20 kHgz,
that the pulse amplitudes are set in the range 300 to
1000 Volts, preferably in the range 600 to 900 Volts and
that the substrate temperature is in the range 500 to
800 ©C, preferably 550 to 650 ©C, depending on the mate-
rial of the tool body being coated.

14. A method according to claim 13
characterized in that the oxygen-donor is 0j.

15. A method according to claim 14
characterized in that the chemical reactants
are set to in vol-%:

AlClz: 0.1-2.0, preferably 0.2-0.4,

Op: 0.1-3.9, preferably 0.1-2,

Hp: 25-95, preferably 70-80 and

Ar: 5-75, preferably 20-30

Op/AlClz-ratio: >1.5, preferably 1.5-2.5

16. A method according to claim 15
charactexrized in that the total process
pressure is set in the range 0.05 to 1 kPa, preferably
in the range 0.1 to 0.4 kPa.

17. A method according claim 16
characterized in that the pulse on time nega-
tive (P_) is larger or equal to the pulse on time posi-
tive (P4), and the latter is larger or equal to 10% of
the pulse on time negative, i.e. P- 2 Py 2 0.1P_, and
further the pulse on time negative is larger or equal to
10% of the period T, i.e. P_ 2 0.1T, and that the nega-
tive and positive pulse off times are set to be larger
or equal to zero, i.e. t_ > 0 and t4 2= 0.

18. A method according to claim 17

characterized in that the amplitudes of the



WO 00/70120 11 PCT/SE00/00974

positive (A4) and negative (A_) pulses of the bipolar

pulsed DC voltage are of equal magnitude.
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