w0 2021/069492 A1 | NI 0000 KA 0 0 P 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
15 April 2021 (15.04.2021)

(10) International Publication Number

WO 2021/069492 Al

WIPO I PCT

(51) International Patent Classification:

C23C 14/06 (2006.01) C23C 28/04 (2006.01)
B23B 27/14 (2006.01) C23C 28/00 (2006.01)
C23C 16/34 (2006.01)

(21) International Application Number:
PCT/EP2020/078118

(22) International Filing Date:
07 October 2020 (07.10.2020)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
19202871.0 11 October 2019 (11.10.2019)  EP

(71) Applicant: SECO TOOLS AB [SE/SE]; 737 82 Fagersta
(SE).

(72) Inventors: LAURIDSEN, Jonas; Seco Tools AB, 737 82
Fagersta (SE). LARSSON, Tommy; Seco Tools AB, 737
82 Fagersta (SE). ANDERSSON, Jon; Seco Tools AB, 737
82 Fagersta (SE). ENGSTROM, Hindrik; Seco Tools AB,

(74)

@81)

84

737 82 Fagersta (SE). ALM, Oscar; Seco Tools AB, 737
82 Fagersta (SE).

Agent: SANDVIK ASSOCIATION; Sandvik Intellectual
Property AB, 811 81 SANDVIKEN (SE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP,KR,KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US,UZ, VC, VN, WS, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: A COATED CUTTING TOOL

Fig. 3

(57) Abstract: The present invention relates to a coated cutting tool (1) and a method to manufacture, and use of, the same. The coated
cutting tool consists of a substrate (2) and a coating (3) comprising a physical vapor deposition (PVD) deposited Ti,Al-based nitride
layer (3a) having a thickness of at least 1.0 um. The PVD deposited Ti,Al-based nitride layer comprises at least one layer (3a') of TiAIN.
The coating (3) further comprises a CVD deposited layer (3b) of TiN located between the substrate (2) and the PVD deposited Ti,Al-
based nitride layer (3a). The CVD deposited layer of TiN (3b) is in contact with both the substrate (2) and the PVD deposited Ti,Al-
based nitride layer (3a). The method for manufacturing a coated cutting tool (1) comprises growing a TiN layer (3b) by CVD on the
substrate (2), and growing a Ti,Al-based nitride layer (3a) by PVD on the TiN layer (3b).

[Continued on next page]



WO 20217069492 A1 | /11000000 00RO OO

TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



10

15

20

25

30

WO 2021/069492 1 PCT/EP2020/078118

A coated cutting tool

Technical field

The present disclosure relates to a coated cutting tool and a method for manufacturing the
same.

Background

Since the mid 1980’s, efforts have been made to improve the properties, for example, wear
resistance and hence the performance of cutting tool coatings. At that time, the common
practice was to coat cutting tools with titanium nitride (TiN). However, due to its relatively
poor oxidation resistance at elevated temperatures, alloying aluminium (Al) in the TiN coating
was suggested and implemented with good results in the mid-1980's.

Today (Ti,Al)N based coatings are among the most common hard and protective coating
materials used in metal cutting applications. The cubic, B1, structure of (Ti,Al)N, as a monolith
layer and/or part of a laminated coating structure, combine attractive mechanical properties,
such as high hardness and improved temperature and oxidation resistance providing good
performance in metal machining applications. The technological benefits of (Ti,Al)N and its
excellent physical properties, especially at elevated temperatures, is partly explained in terms
of a spinodal decomposition process during which cubic (Ti,Al)N decompose isostructurally
into coherent cubic c-AIN- and c-TiN-enriched domains. The combination of elastic properties
and a lattice mismatch between coherent c-AIN- and c-TiN-enriched domains leads to
significant age hardening during which the hardness of (Ti,Al)N thin layers have shown to
increase with between 15% and 20%. At further aging, c-AIN transforms into the
thermodynamically stable hexagonal, wurtzite B4 structure, h-AIN resulting in a dual phase
structure comprising c-TiN and h-AIN with reduced mechanical properties.

Today, industry continuously seeks solutions for economic and high productivity/feed-
through manufacturing. To meet these demands there is a need for new materials with
advanced properties to improve tool-life during operation.

Summary

It is an aim of the present disclosure to provide an improved coated cutting tool.

This aim is achieved by a device as defined in claim 1 and by the method of claim 12.

The disclosure provides a coated cutting tool consisting of a substrate and a coating. The
coating comprises a physical vapor deposition (PVD) deposited titanium aluminium (Ti,Al)-
based nitride layer having a thickness of at least 1.0 um, wherein the PVD deposited Ti,Al-
based nitride layer comprises at least one layer of titanium aluminium nitride (TiAIN), and a
chemical vapor deposition (CVD) deposited layer of titanium nitride (TiN) located between the
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substrate and the PVD deposited Ti,Al-based nitride layer, wherein the CVD deposited layer of
TiN is in contact with both the substrate and the PVD deposited Ti,Al-based nitride layer. In
other words, a coated cutting tool is provided, which has a CVD deposited layer of TiN between
the substrate and the PVD deposited Ti,Al-based nitride layer. Tests have shown that the
average tool-life of a coated cutting tool with a CVD deposited layer of TiN between the
substrate and the PVD deposited Ti,Al-based nitride layer is increased compared to prior art
solutions with only a Ti,Al-based nitride layer as coating on the substrate. The CVD deposited
layer of TiN improves adherence of the PVD deposited Ti,Al-based nitride layer to the
substrate and thus prevents or inhibits abrasion or breakage, flaking off or peeling off the PVD
deposited Ti,Al-based nitride layer.

According to some aspects, the thickness of the CVD deposited layer of TiN is between 0.1 and
1.7 um and preferably between 0.1 and 1.0 um and even more preferably between 0.1 and
0.7 um. A thicker layer may increase the risk of thermal cracking. A thinner layer introduces a
risk that the CVD layer does not cover the whole intended surface of the substrate.

According to some aspects, the thickness of the PVD deposited Ti,Al-based nitride layer is
between 1 and 12 pum and preferably between 2 and 10 um. The Ti,Al-based nitride layer is
used for hardening the surface of the cutting tool. A thickness in the above range provides a
hard surface which is preferred in use. Other thicknesses may of course also improve the
hardness of the surface but using a lot of material affects the cost of the cutting tool.

According to some aspects, the PVD deposited Ti,Al-based nitride layer is a (Ti1xAlx)Ny layer,
wherein 0.1<x<0.8 and 0.6<y<1.1. TiAIN layers are known in the art for providing a good
surface to cutting tools.

According to some aspects, the PVD deposited Ti,Al-based nitride layer is a laminated layer
having alternating layers of (TiixAlx)Ny -layers and (Tiq-)Si)Nm -layers, wherein 0.1<x<0.8,
0.7<y<1.1, 0.05<I<0.2 and 0.7<m<1.1. A layer with alternating layers of TiAIN and TiSiN have
been shown to provide an improved cutting surface to the cutting tool. The alternating layer
is also improved with a CVD deposited layer of TiN between it and the substrate.

According to some aspects, the thickness of the (Ti (1-Si)Nm - layers is between 1 and 100 nm
and preferably between 5 and 50 nm.

According to some aspects, the PVD deposited Ti,Al-based nitride layer is a laminated layer
having alternating layers of (Ti1xAlx)Ny — layers and (Ti(1-r-s)Al:Crs)N¢ -layers wherein 0.1<x<0.8,
0.7<y<1.1, 0.5<r<0.75, 0.05<s<0.2 and 0.7<t<1.1. A layer with alternating layers of TiAIN and
TiAICrN have been shown to provide an improved cutting surface to the cutting tool. The
alternating layer is also improved with a CVD deposited layer of TiN between it and the
substrate.

According to some aspects, the thickness of the (Ti(1-r-5)Al:Crs)N¢ - layers is between 1 and 100
nm and preferably between 5 and 50 nm.
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According to some aspects, the thickness of the (Tii1xAl)Ny - layers is between 1 and 100 nm
and preferably between 5 and 50 nm.

According to some aspects, one layer of TiAIN of the PVD deposited Ti,Al-based nitride layer
is arranged in contact with the CVD deposited layer of TiN. In the cases where the PVD
deposited Ti,Al-based nitride layer is a laminated layer with alternating layers, it may be
beneficial that the part of the TiAl-based nitride layer that is in contact with the CVD
deposited layer of TiN is made of TiAIN.

According to some aspects, the substrate is selected from the group comprising cemented
carbide, cermet, ceramic, high speed steel, polycrystalline diamond, and polycrystalline cubic
boron nitride, or any combination thereof. Such substrates are known to be well working
substrates for coated cutting tools.

The disclosure provides a method for manufacturing a coated cutting tool according to any of
the aspects described above by applying CVD techniques and PVD techniques, preferably
cathodic arc evaporation, the method comprises growing a TiN layer by CVD on the substrate,
and growing a Ti,Al-based nitride layer by PVD on the TiN layer. The method provides a reliable
manner to manufacture the above coated cutting tool.

According to some aspects, the Ti,Al-based nitride layer (3a) is a TiAIN layer and growing the
TiAIN layer by PVD on the TiN layer comprises using cathodic arc evaporation from a
composite or alloyed Ti,Al cathode, applying an evaporation current between 50 A and 200 A,
using a reactive gas atmosphere comprising N, at a total gas pressure between 1.0 Pa and 8.0
Pa, applying a negative substrate bias between 20 V and 300 V, and applying a deposition
temperature between 200°C and 800°C, preferably between 300°C and 600°C.

According to some aspects, the TiN layer is grown using CVD, preferably moderate
temperature CVD.

According to some aspects, the TiN layer is grown at a temperature of at least 825°C.
According to some aspects, the TiN layer is grown at a temperature between 825°C and 950°C.

According to some aspects, the TiN layer is grown at a temperature between 825°C and 900°C.

The disclosure provides a use of a coated cutting tool according to any of the aspects described
above for machining at cutting speeds of 50 to 400 m/min, preferably 75 to 300 m/min, with
an average feed per tooth, in the case of milling, of 0.01 to 0.5 mm, preferably 0.01 to 3.4 mm,
whereby the feed per tooth depends on the cutting speed and an insert geometry.

Brief description of the drawings

The invention will now be explained more closely by the description of different aspects of the
invention and with reference to the appended figures.
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Fig. 1 shows an example of layers of a coated cutting tool.

Fig. 2 shows another example of layers of a coated cutting tool where one layer comprises a
laminated alternating layer.

Fig. 3 shows an SEM image of an example coating on a substrate.

Fig. 4 shows a block diagram of an example method of manufacturing the coated cutting tool.

Detailed description

Aspects of the present disclosure will be described more fully hereinafter with reference to
the accompanying drawings. The device and method disclosed herein can, however, be
realized in many different forms and should not be construed as being limited to the aspects
set forth herein. Like numbers in the drawings refer to like elements throughout.

The terminology used herein is for the purpose of describing particular aspects of the
disclosure only and is not intended to limit the invention. As used herein, the singular forms

a”, “an” and “the” are intended to include the plural forms as well, unless the context clearly
indicates otherwise.

Unless otherwise defined, all terms (including technical and scientific terms) used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure belongs.

The term “cutting tool”, as used herein, is intended to denote cutting tools suitable for cutting
by chip removal, such as turning, milling or drilling. Examples of cutting tools are indexable

cutting inserts, solid drills or end mills.

The term “substrate” as denoted herein should be understood as a body onto which a coating
is deposited. Common for cutting tools is that this substrate, for example, a cutting tool insert,
may be a solid body or a body comprising a backing body onto which an additional material is
placed, either over the cutting edge on the rake face, a so called tipped body, or such that it
covers the full rake, a so called full face body. The tipped or full-face solutions are frequently
used in cutting technologies based on polycrystalline diamond or polycrystalline cubic boron
nitride materials.

It should be noted that when using the term “thickness” to discuss a thickness of a layer, it is
the average thickness of the discussed layer that is meant. The below discussed layers may
have a varying thickness over the surface where it is arranged and thus, the term “thickness”
here means the “average thickness” of the layer over the surface.

Figure 1 shows an example of layers of a coated cutting tool. The disclosure provides a coated
cutting tool 1 consisting of a substrate 2 and a coating 3. The coating 3 comprises or consists
of a physical vapor deposition (PVD) deposited titanium aluminium (Ti,Al)-based nitride layer



10

15

20

25

30

35

WO 2021/069492 5 PCT/EP2020/078118

3a having a thickness of at least 1.0 um. The PVD deposited Ti,Al-based nitride layer comprises
at least one layer 3a’ of titanium aluminium nitride (TiAIN).

The thickness of the PVD deposited Ti,Al-based nitride layer 3a may, for example, be between
1 and 12 pum and preferably between 2 and 10 pm. The limiting numbers 1 and 12 and 2 and
10 are included in the range. The Ti,Al-based nitride layer is used for hardening the surface
and limiting the wear of the cutting tool. A thickness in the above defined ranges provides a
hard and wear resistant surface, which improves use of a tool. Other thicknesses may of
course also affect the hardness of the surface but using higher thicknesses may result in
brittleness.

The PVD deposited Ti,Al-based nitride layer 3a may, for example, be a (TiixAl)Ny layer 3a’,
wherein 0.1<x<0.8, preferably 0.4<x<0.7, and 0.6<y<1.1. The x here giving the ratio between
Al to Al+Ti and y giving the ratio of N to the metals. TiAIN layers are known in the art for
providing improved surfaces to cutting tools.

Figure 2 shows an example of layers of a coated cutting tool 1, where the PVD deposited Ti,Al-
based nitride layer 3a comprises or consists of a laminated alternating layer. The PVD
deposited Ti,Al-based nitride layer 3a may thus be a laminated structure consisting of
alternating A and B layers: A/B/A/B/A/B/.... The layer A may be, for example, (TiixAl)Ny -
layers 3a’ and the B layers may be, for example, (Ti@-)Si)Nm -layers 3a” or (Ti1-r-s)Al:Crs)N¢ -

a4

layers 3a’”.

Thus, the PVD deposited Ti,Al-based nitride layer 3a may be a laminated layer having
alternating layers of (Ti1xAlx)Ny -layers 3a’” and (Ti¢-)Si)Nm -layers 3a”, wherein 0.1<x<0.7 and
preferably 0.4<x<0.7, 0.7<y<1.1, 0.05<I<0.2 and 0.7<m<1.1. A layer with alternating layers of
TiAIN and TiSiN have shown to provide an improved cutting surface to the cutting tool. The
alternating layer is also improved with a CVD deposited layer of TiN between it and the
substrate. The thickness of the (Ti(1.)Si)Nm -layers 3a”” may be between 1 and 100 nm and
preferably between 5 and 50 nm, whereby the limiting numbers 1, 100, 5 and 50 are included
in the range.

An alternative is that the B layers may comprise (Tig-«-)ALSi)Nm -layers 3a”, wherein
0.2<k<0.7, 0.05<1<0.3 and 0.7<m<1.1. The thickness being the same as the (Ti1-)Sii)Nm -layers
3a”.

The PVD deposited Ti,Al-based nitride layer 3a may be a laminated layer having alternating
layers of (Ti1xAlx)Ny -layers 3a” and (Ti(1--s)Al:Crs)N¢ -layers 3a””” wherein 0.1<x<0.7, 0.7<y<1.1,
0.5<r<0.75, 0.05<s<0.2 and 0.7<t<1.1. Cr here being chromium. A layer with alternating layers
of TiAIN and TiAICrN has shown to provide an improved cutting surface to the cutting tool.
The alternating layer is also improved with a CVD deposited layer of TiN between it and the
substrate. The thickness of the (Ti(1-r-s)Al:Crs)N¢ - layers 3a”’ may be between 1 and 100 nm
and preferably between 5 and 50 nm, whereby the limiting numbers 1, 100, 5 and 50 are
included in the range.
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For the laminated layers, the thickness of the (Ti1xAlx)Ny - layers 3a” may be between 1 and
100 nm and preferably between 5 and 50 nm, whereby the limiting numbers 1, 100, 5 and 50
are included in the range.

For the laminated layers above, the total thickness of the layers is, for example, between 1
and 12 um and preferably between 2 and 10 pm.

One layer of TiAIN 3a’ of the PVD deposited Ti,Al-based nitride layer 3a may be arranged in
contact with the CVD deposited layer of TiN 3b. In the cases where the PVD deposited Ti,Al-
based nitride layer (3a) is a laminated layer with alternating layers, it may be beneficial that
the part of the Ti,Al-based nitride layer that is in contact with the CVD deposited layer of TiN
is made of TiAIN.

An alternative to the above laminated layers may be that a TiAIN layer is first deposited on the
CVD deposited layer of TiN and then any of the above discussed laminated layers may be
deposited on the TiAIN layer. For example, a TiAIN layer with a thickness of between 0.5 and
1 um is first deposited on the CVD deposited layer of TiN and then a multilayer of TiAIN/TiSiN
according to above is deposited on the TiAIN layer with a thickness of between 2 and 10 um.

The coating 3 further comprises a chemical vapor deposition (CVD) deposited layer (3b) of
titanium nitride (TiN) located between the substrate 2 and the PVD deposited Ti,Al-based
nitride layer 3a. In other words, the CVD deposited layer of TiN is arranged directly on top of
the substrate and the PVD deposited Ti,Al-based nitride layer 3a is arranged directly on top of
the CVD deposited layer of TiN.

As can be seen in figures 1 and 2, the CVD deposited layer of TiN 3b is in contact with both the
substrate 2 and the PVD deposited Ti,Al-based nitride layer 3a. In other words, a coated
cutting tool is provided, where there is a CVD deposited layer of TiN between the substrate
and the PVD deposited Ti,Al-based nitride layer.

Tests have shown that the average tool life of a coated cutting tool with a CVD deposited layer
of TiN between the substrate and the PVD deposited Ti,Al-based nitride layer is increased
compared to prior art solutions with only a Ti,Al-based nitride layer as coating on the
substrate. The CVD deposited layer of TiN improves adherence of the PVD deposited Ti,Al-
based nitride layer to the substrate and thus prevents or inhibits abrasion or breakage, flaking
off or peeling off the PVD deposited Ti,Al-based nitride layer. The CVD-layer provides a more
homogenous surface covering, and filling cracks and cavities on the substrate surface for the
PVD coating to nucleate on, compared to, for example, a hard metal substrate heterogenous
surface consisting of tungsten carbide, WC, and cobalt, Co, surfaces with different properties.

It should be noted that the coating comprises or consists of the herein defined PVD deposited
Ti,Al-based nitride layer 3a and the CVD deposited layer of TiN 3b.
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It should also be noted that the CVD deposited layer of TiN 3b can include unavoidable traces
or contaminants of carbon (C) and/or oxygen (O) and/or cobalt (Co). C and/or O and/or Co can
for example be present as contaminants, originating for example in the underlying substrate
or other sources. In other words, there may be C and/or O and/or Co present in the TiN layer
at small amounts of a total concentration of 0 to 5 at%.

The PVD deposited Ti,Al-based nitride layer 3a caninclude unavoidable traces or contaminants
of carbon (C) and/or oxygen (0). C and/or O can for example be present as contaminants,
originating for example in the underlying coating material or other sources. In other words,
there may be C and/or O present in the Ti,Al-based nitride layer 3a at small amounts of a total
concentration of 0 to 2 at%.

The PVD deposited Ti,Al-based nitride layer 3a may further comprise one or more further
metal elements, Me, in small amounts not substantially altering the properties of the layer.
For example, resulting from impurities in the targets used in the PVD deposition process. For
example, less than 1 at%, or less than 0.5 at%, or less than 0.3 at%, or less than 0.1 at%, of the
sum of Ti+Al+Si+Me in the coating. The metal elements, Me, is, for example, one or more of
Zr, Hf, V, Nb, Ta, Mo, Fe, and W.

Figure 3 shows an SEM image of an example coating 3 on a substrate 2.

The thickness of the CVD deposited layer of TiN 3b may be between 0.1 and 1.7 pum and
preferably between 0.1 and 1.0 um and even more preferably between 0.1 and 0.7 um,
whereby numbers 0.1, 1.7, 1.0 and 0.7 are included in the range. A thicker layer may increase
the risk of thermal cracking. A thinner layer introduces a risk that the CVD layer does not cover
the whole intended surface of the substrate.

The substrate 2 may be selected from the group comprising or consisting of cemented carbide,
cermet, ceramic, high speed steel, polycrystalline diamond (PCD), and polycrystalline cubic
boron nitride (PCBN), or any combination thereof. Such substrates are known to be well
working substrates for coated cutting tools. Preferably, the substrate comprises cemented
carbide, preferably of cemented carbide consisting of 4 to 14 wt-% Co, optionally 0.3-10 wt-%
cubic carbides, nitrides or carbonitrides of the metals from groups IVb, Vb and VIb of the
periodic table, preferably Ti, Nb, Ta or combinations thereof, and balance WC.

The substrate may consist of cemented carbide comprising a binder phase enriched surface
zone having a thickness of 5 to 30 um, preferably 10 to 25 um, from the substrate surface. The
binder phase enriched surface zone having a Co content that is at least 1.5 times higher than
in the core of the substrate and having a content of cubic carbides that is less than 0.5 times
the content of cubic carbides in the core of the substrate. Preferably, the binder phase
enriched surface zone of the cemented carbide substrate is essentially free from cubic
carbides. Providing a binder phase enriched surface zone enhances toughness of the substrate
and may thus widen the application range of the coated cutting tool.
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The substrate may, according to some aspects, comprise cemented carbide consisting of 4 to
14 wt-% Co, Cr in a content of from 3.5% to 9% of the cobalt content, and balance WC.

Figure 4 shows a block diagram of an example method of manufacturing the coated cutting
tool. The method for manufacturing a coated cutting tool 1 as described above comprises
applying CVD techniques and PVD techniques, preferably cathodic arc evaporation. The
method comprise growing S2 a TiN layer 3b by CVD on the substrate 2, and growing S3 a Ti,Al-
based nitride layer 3a by PVD on the TiN layer 3b. The method provides a reliable way to
manufacture the above coated cutting tool. The growing S2 a TiN layer 3b by CVD on the
substrate 2 and the growing S3 a Ti,Al-based nitride layer 3a by PVD on the TiN layer 3b
comprises growing directly on the substrate 2 and the TiN layer, respectively.

Before growing S2 the TiN layer 3b or before growing S3 the Ti,Al-based nitride layer 3a, the
cutting tool may be subject to cleaning S1 according to standard PVD process procedures, for
example, by washing.

An alternative to using cathodic arc evaporation is, for the PVD layer, for example, using
sputtering. An alternative to using conventional CVD is, for the CVD layer, for example, to use
Atomic Layer Deposition, ALD.

The Ti,Al-based nitride layer (3a) may be a TiAIN layer and then growing the TiAIN layer by
PVD on the TiN layer 3b may comprise using cathodic arc evaporation from composite or
alloyed (Ti,Al) cathodes, applying an evaporation current between 50 A and 200 A, using a
reactive gas atmosphere comprising N», at a total gas pressure between 1.0 Pa and 8.0 Pa,
applying a negative substrate bias between 20 V and 300 V, and applying a deposition
temperature between 200°C and 800°C, preferably between 300°C and 600°C. The reactive
gas atmosphere may comprise pure N2, or mixed N2 and argon (Ar) gases.

In the case when the PVD deposited Ti,Al-based nitride layer 3ais a laminated layer comprising
(TiaxAl)Ny — layers 3a” and (Ti1-rs)AlCrs)Nt -layers, the growing S3 a Ti,Al-based nitride layer
3a by PVD may comprise growth of TiAIN and TiAICrN layers by using cathodic arc evaporation
from composite or alloyed (Ti,Al) and (Ti,Al,Cr) cathodes, respectively, applying an evaporation
current between 50 A and 200 A, using a reactive gas atmosphere comprising pure N or mixed
N2 and, e.g., Ar gases at a total gas pressure between 1.0 Pa and 8.0 Pa, 1.0 Pa and 5.0 Pa,
more preferably between 2.0 Pa and 5.0 Pa, most preferably between 3.0 Pa and 5.0 Pa,
applying a negative substrate bias between 20 V and 300 V, preferably between 20 V and 150
V, most preferably between 20 V and 100 V, and applying a deposition temperature between
200 °C and 800 °C, preferably between 300 °C and 600 °C. The laminated layer structure may
be produced by 1-fold, 2-fold, or 3-fold substrate rotation during deposition.

In the case when the PVD deposited Ti,Al-based nitride layer 3a is alternating layers of (Tia-
xAl )Ny -layers 3a” and (Ti;-)Sii)Nm -layers 3a”, the growing S3 a Ti,Al-based nitride layer 3a by
PVD may comprise growth of TiAIN and TiSiN layers by using cathodic arc evaporation from
composite or alloyed (Ti,Al) and (Ti,Si) cathodes, respectively, applying an evaporation current



10

15

20

25

WO 2021/069492 9 PCT/EP2020/078118

between 50 A and 200 A, using a reactive gas atmosphere comprising pure N2 or mixed N;
and, e.g., Ar gases at a total gas pressure between 1.0 Pa and 8.0 Pa, 1.0 Pa and 5.0 Pa, more
preferably between 2.0 Pa and 5.0 Pa, most preferably between 3.0 Pa and 5.0 Pa, applying a
negative substrate bias between 20 V and 300 V, preferably between 20 V and 150 V, most
preferably between 20 V and 100 V, and applying a deposition temperature between 200 °C
and 800 °C, preferably between 300 °C and 600 °C. The laminated layer structure may be
produced by 1-fold, 2-fold, or 3-fold substrate rotation during deposition.

The TiN layer may be grown using CVD, preferably moderate temperature CVD.
The pressure when growing the TiN layer is, for example, between 60 and 700 mbar.

The temperature when growing the TiN layer is, for example, at least 825°C.
According to some aspects, the TiN layer is grown at a temperature between 825°C and 950°C,
preferably between 825°C and 900°C.

The reactive gas concentrations are, for example, in the ranges of:

- between 40 vol% and 80 vol%, and preferably between 65 vol% and 75 vol% of H»,

- between 20 vol% and 80 vol%, and preferably between 22 vol% and 33 vol% of Ny,

- between 0vol% and 5 vol%, and preferably between 1 vol% and 2 vol% of HCI,

- between 0.6 vol% and 2.8 vol%, and preferably between 1.3 vol% and 2.3 vol% of TiCls,

An alternative to using N2 gas is to use ammonia, NHs.

As an example of a grown TiN layer, the following sample has been made. The substrate was
coated with a thin, approximately 0.4 pm, TiN-layer employing the well-known moderate
temperature CVD, MTCVD, technique using TiCls, N2, HCl and H; at 860 °C. The details of the
TiN deposition are shown in Table 1.

Table 1. MTCVD of TiN

MT CVD of TiN | Pressure | H» N> HCl TiClg
and TiCN (860

( [mbar] [vol%] [vol%] [vol%] [vol%]
°C):
TiN 600 69.2 27.7 1.4 1.7

The disclosure provides a use of a coated cutting tool 1 as defined anywhere above for
machining at cutting speeds of 50 to 400 m/min, preferably 75 to 300 m/min, with an average
feed per tooth, in the case of milling, of 0.01 to 0.5 mm, preferably 0.01 to 0.4 mm, whereby
the feed per tooth depends on the cutting speed and an insert geometry.
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By combining the above described CVD deposited layer of TiN and a PVD deposited Ti,Al-based
nitride layer on top of a substrate, improved coating performance with respect to tool lifetime
is achieved, compared to a PVD deposited Ti,Al-based nitride layer on top of a substrate
without the CVD deposited layer of TiN.

The following are two tests of coated cutting tools according to the disclosure as compared to
a prior art coated cutting tool. Cemented carbide substrates of geometry XOMX120408TR-
M12 for milling were manufactured and having the composition of 10.2 wt-% Co, 1.35 wt-%
tantalum, Ta, 0.15 wt-% niobium, Nb, and balance WC. The cemented carbide substrates
where used for both of the tests below. In the tests, the average tool lifetime of Sample 1 and
3 having a coated cutting tool comprising a substrate coated with a CVD deposited layer of
TiN coated with PVD deposited TiAIN is compared to that of Sample 2 and 4 having a coated
cutting tool comprising a substrate with PVD deposited TiAIN. The CVD deposited layer of TiN
was manufactured according to the specifications of table 1 and the associated text.

The PVD deposited TiAIN layer for samples 1-4 was manufactured using cathodic arc
evaporation from powder metallurgically produced Tig.asAlo 55 cathodes of 100 mm diameter,
applying an evaporation current of 150 A, using a reactive gas atmosphere comprising N, at
a total gas pressure of 4.5 Pa, applying a negative substrate bias of 30 V, and applying a
deposition temperature of 500°C. The reactive gas atmosphere was pure N». The TiAIN layer
was deposited to a layer thickness of 6 um.

Test 1
Dry milling (without coolant)

Tool geometry: XOMX120408TR-M12

Diameter of cutter D=63 mm

Width of cut Ac =50 mm

Feed per tooth F,=0.2 mm/tooth
Depth of cut A,=3mm
Cutting speed V¢ =250 m/min

Number of edges evaluated per sample: 2
Workpiece material: 42CrMo4; normalized condition

The tests were terminated when the flank wear reached a maximum value of 0.4 mm.

Table 2. Result of test 1

Sample Coating Average tool life (min)
1 CVD TiN + PVD TiAIN 36.7
2 PVD TiAIN 22.5

As can be seenin Table 2, the average tool life increases significantly in dry milling applications
when the CVD deposited layer of TiN is used between the substrate and the PVD deposited
TiAIN. The average tool life increases with 63% for a coating with a CVD deposited layer of TiN
between the substrate and the PVD deposited TiAIN layer.
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Test 2

Wet milling (coolant used)

Tool geometry: XOMX120408TR-M12
Diameter of cutter D=63mm
Width of cut Ae=50 mm

Feed per tooth

Depth of cut A,=3mm

Cutting speed

Number of edges evaluated per sample: 2

Ve =250 m/min

11

F,=0.2 mm/tooth

Workpiece material: 42CrMo4; normalized condition

PCT/EP2020/078118

The tests were terminated when the flank wear reached a maximum value of 0.4 mm.

Table 3. Result of test 2

Sample Coating Average tool life (min)
3 CVD TiN + PVD TiAIN 12.5
4 PVD TiAIN 7.5

As can be seenin Table 3, the average tool life increases significantly in wet milling applications
when the CVD deposited layer of TiN is used between the substrate and the PVD deposited
TiAIN. The average tool life increases with 66% for a coating with a CVD deposited layer of TiN

between the substrate and the PVD deposited TiAIN layer.

The present disclosure is not limited to the aspects disclosed but may be varied and modified

within the scope of the following claims.

References:

1. Coated cuttning tool
2. Substrate

3. Coating

a. PVD deposited Ti,Al-based nitride layer

a’. TiAIN layer
a”’. TiSiN layer
a’”’. TIAICrN layer
b. CVD deposited layer of TiN
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Claims

1.

A coated cutting tool (1) consisting of a substrate (2) and a coating (3), characterized

in that the coating (3) comprises:

- a physical vapor deposition (PVD) deposited titanium aluminium (Ti,Al)-based
nitride layer (3a) having a thickness of at least 1.0 um, wherein the PVD deposited
Ti,Al-based nitride layer comprises at least one layer (3a’) of titanium aluminium
nitride (TiAIN), and

- a chemical vapor deposition (CVD) deposited layer (3b) of titanium nitride (TiN)
located between the substrate (2) and the PVD deposited Ti,Al-based nitride layer
(3a), wherein the CVD deposited layer of TiN (3b) is in contact with both the
substrate (2) and the PVD deposited Ti,Al-based nitride layer (3a).

The coated cutting tool (1) according to claim 1, wherein the thickness of the CVD
deposited layer of TiN (3b) is between 0.1 and 1.7 um and preferably between 0.1 and
1.0 um and even more preferably between 0.1 and 0.7 um.

The coated cutting tool (1) according to claim 1 or 2, wherein the thickness of the PVD
deposited Ti,Al-based nitride layer (3a) is between 1 and 12 um and preferably
between 2 and 10 pm.

The coated cutting tool (1) according to any one of the preceding claims, wherein the
PVD deposited Ti,Al-based nitride layer (3a) is a (TiixAl)Ny layer (3a’), wherein
0.1<x<0.8 and 0.6<y<1.1.

The coated cutting tool (1) according to any one of claims 1 to 3, wherein the PVD
deposited Ti,Al-based nitride layer (3a) is a laminated layer having alternating layers of
(TiaxAl)Ny -layers (3a’) and (Tiq-)Si)Nm -layers (3a”’), wherein 0.1<x<0.8, 0.7<y<1.1,
0.05<l<0.2 and 0.7<m<1.1.

The coated cutting tool (1) according to claim 5, wherein the thickness of the (Ti (1-
)Si)Nm - layers (3a”’) is between 1 and 100 nm and preferably between 5 and 50 nm.

The coated cutting tool (1) according to any one of claims 1 to 3, wherein the PVD
deposited Ti,Al-based nitride layer (3a) is a laminated layer having alternating layers of
(TiaxAl)Ny — layers (3a’) and (Ti(1-r-5)Al:Crs)Ne -layers (3a’’) wherein 0.1<x<0.8,
0.7<y<1.1, 0.5<r<0.75, 0.05<s5<0.2 and 0.7<t<1.1.

The coated cutting tool (1) according to claim 7, wherein the thickness of the (Ti(1-r-
s)AlCrs)Nt - layers (3a”’) is between 1 and 100 nm and preferably between 5 and 50
nm.
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10.

11.

12.

13

14.

15.

16.

17.

The coated cutting tool (1) according to any one of claims 5 to 8, wherein the thickness
of the (Ti1xAlx)Ny - layers (3a’) is between 1 and 100 nm and preferably between 5 and
50 nm.

The coated cutting tool (1) according to any one of claims 5 to 9, wherein one layer of
TiAIN (3a’) of the PVD deposited Ti,Al-based nitride layer (3a) is arranged in contact
with the CVD deposited layer of TiN (3b).

The coated cutting tool (1) according to any one of the preceding claims, wherein the
substrate (2) is selected from the group comprising cemented carbide, cermet,
ceramic, high speed steel, polycrystalline diamond, and polycrystalline cubic boron
nitride, or any combination thereof.

Method for manufacturing a coated cutting tool (1) according to any one of claims 1
to 11 by applying CVD techniques and PVD techniques, preferably cathodic arc
evaporation, the method comprising:

- growing (S2) a TiN layer (3b) by CVD on the substrate (2), and

- growing (S3) a Ti,Al-based nitride layer (3a) by PVD on the TiN layer (3b).

. The method according to claim 12, wherein the Ti,Al-based nitride layer (3a) is a TiAIN

layer and growing the TiAIN layer by PVD on the TiN layer (3b) comprises using cathodic
arc evaporation from composite or alloyed (Ti,Al) cathodes, applying an evaporation
current between 50 A and 200 A, using a reactive gas atmosphere comprising N, at a
total gas pressure between 1.0 Pa and 8.0 Pa, applying a negative substrate bias
between 20 V and 300 V, and applying a deposition temperature between 200°C and
800°C, preferably between 300°C and 600°C.

The method according to claim 12 or 13, wherein the TiN layer is grown using CVD,
preferably moderate temperature CVD.

The method according to any one of claims 12 to 14, wherein the TiN layer is grown at
a temperature of at least 825°C.

The method according to claim 15, wherein the TiN layer is grown at a temperature
between 825°C and 950°C.

The method according to claim 15, wherein the TiN layer is grown at a temperature
between 825°C and 900°C.
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18. Use of a coated cutting tool (1) according to any one of claims 1 to 11 for machining at
cutting speeds of 50 to 400 m/min, preferably 75 to 300 m/min, with an average feed
per tooth, in the case of milling, of 0.01 to 0.5 mm, preferably 0.01 to 0.4 mm, whereby
the feed per tooth depends on the cutting speed and an insert geometry.
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Fig. 3

S2: growing a TiN layer by CVD on the substrate

S3: growing a (Ti,Al)-based nitride layer by PVD on the TiN layer

Fig. 4
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