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An aluminum/chromium-based-coating film, namely (Al,Cr)
N coating film, has been developed. The aluminum/chromium-
based-coated tool was evaluated through the machining of
sintered steel, and exhibited markedly improved performance
[1]. Therefore, the effectiveness of the aluminum/chromium-
coating film is apparent when cutting hardened sintered steel [2].

This result clarified that the wear progress of the (Al,Cr)N
coated cemented carbide tool was slower than that of the (Ti,Al)
N coated cemented carbide tool, and (Al,Cr)N coated cemented
carbide is an effective tool material for cutting hardened sintered
steel [2]. However, the results of our study indicate that the
critical scratch load, which is the measured value by the scratch
test, of the (AL,Cr)N coating film is 77 N and the micro-hardness
is 2760 HV,s\. Therefore, in order to improve both the scratch
strength and the micro-hardness of the (Al,Cr)N coating film,
cathode material of an aluminum/chromium/tungsten-target
was used to add tungsten (W) to the cathode material of the
aluminum/chromium-target [3]. The hardened sintered steel was
turned with the aluminum/chromium/tungsten-based-coated
cemented carbide tool. Compared with commercial (AL,Cr)N and
(Ti,AI)N coated cemented carbide tools, the wear progress of
the aluminum/chromium/tungsten-based-coated tool was slower
than that of the (Al,Cr)N coated tool [3].

Furthermore, the wear progress and the wear mechanism of the
aluminum/chromium/tungsten-based-coated tool were investigated
[4, 5]. However, the wear progress and the tool wear mechanism
of aluminum/chromium/tungsten-based-coated cemented carbide
in cutting sintered steel have not been clarified.

In this study, to clarify the wear progress and the tool wear
mechanism of the aluminum/chromium/tungsten-based-coated
tool for cutting sintered steel, the sintered steel was turned.
Scanning Electron Microscope (SEM) observation and Energy
Dispersive x-ray Spectroscopy (EDS) mapping analysis were
conducted on the abraded surface.

The main results obtained are as follows:

(1) The wear progress of the (A164,Cr28,W8)(C,N) coated tool
was the slowest among that of the five coated tools.

(2) Adding carbon (C) to the aluminum/chromium/tungsten-
based-coating film was effective for improving the wear-
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resistance.

(3) The main wear mechanism of the (A160,Cr25,W15)N-, the
(A160,Cr25,W15)(C,N)- and the (A164,Cr28,W8)(C,N)-
coating films was abrasive wear.

Acknowledgment

This work was supported by JSPS KAKENHI Grant Number
24560149 (Grant-in-Aid for Scientific Research (C)).

References

[1] Tadahiro Wada, Koji Iwamoto, Hiroyuki Hanyu and Kinya
Kawase, "Tool wear of (AL Cr)N coated cemented carbide
in cutting sintered steel”, Journal of the Japan Society of
Powder and Powder Metallurgy, Vol. 58, 2011, pp.459-462
(in Japanese).

[2] Tadahiro Wada, Mitsunori Ozaki, Hiroyuki Hanyu, and
Kinya Kawase, “Tool Wear of Aluminum-Chromium Based
Coated Cemented Carbide in Cutting Hardened Sintered
steel”, IACSIT International Journal of Engineering and
Technology, Vol. 6, No. 3, 2014, pp.223-226.

[3] Tadahiro Wada and Hiroyuki Hanyu, “Tool Wear of
Aluminum/Chromium/Tungsten-based-coated Cemented
Carbide in Cutting Hardened Steel”, Proceedings of
2014 IMSS International Conference on Future Materials
Engineering (ICME 2014), October 27-28, 2014, Paris,
France.

[4] Tadahiro Wada and Hiroyuki Hanyu, “Tool Wear of
Aluminum/Chromium/Tungsten-based-coated Cemented
Carbide in Cutting Hardened Sintered Steel”, Proceedings
of 2014 International Conference on Power Science and
Engineering (ICPSE 2014), December 18 - 20, 2014,
Barcelona, Spain.

[5] Tadahiro Wada and Hiroyuki Hanyu, “Wear Mechanism of
Aluminum/Chromium/Tungsten-based-coated Cemented
Carbide Tools in Dry Cutting of Hardened Sintered Steel”,
Proceedings of 3rd International Conference on Aerospace,
Mechanical, Automotive and Materials Engineering
(ICAMME'15), March 29-30, 2015, Singapore.



60 Tool Wear of Aluminum/Chromium/Tungsten-based-coated Cemented Carbide in Cutting Hardened Sintered Steel

Tool Wear of Aluminum/Chromium/Tungsten-based-coated Cemented Carbide in
Cutting Hardened Steel

Tadahiro WADA and Hiroyuki HANYU*

Applied Mechanics and Materials, Vol. 798 (2015) pp. 377-383.

Hardened steels used for dies or molds are widely cut as a
substitution for grinding. Polycrystalline cubic boron nitride
compact (cBN) tools are used for cutting hardened steels, due to
their higher hardness and higher thermal conductivity. However,
in higher feed rate turning or discontinuous cutting, e.g. milling,
drilling and tapping, main tool failure of the ¢cBN occurs easily
by fracture because the ¢cBN has poor fracture toughness. In
these cutting hardened steels, coated cemented carbide tools,
which have good fracture toughness and wear resistance, are
effective tool materials. The physical vapor deposition (PVD)
method, which is a coating technology, is widely applied to
cutting tools because the PVD method can be coated at a lower
treatment temperature and a higher adhesion of the deposition to
the substrate. In this case, titanium based films (e.g. TiN, (Ti,Al)
N) are generally used as the coating film [e.g. 1, 2].

An aluminum/chromium-based coating film, namely (Al,Cr)
N coating film, has recently been developed. An aluminum/
chromium-based coated tool was evaluated through the
machining of sintered steel, and showed greatly improved
performance [3]. Furthermore, it was clarified that the (ALCr)N
coated cemented carbide is an effective tool material in cutting
hardened sintered steel [4]. However, it was considered from our
study that the critical scratch load, which is the measured value
by scratch test, of the (Al,Cr)N coating film is 77 N and the
micro-hardness is 2760 HV ,5\. Therefore, in order to improve
both the scratch strength and the micro-hardness of the (Al,Cr)
N coating film, cathode material of an aluminum/chromium/
tungsten target was used in adding tungsten (W) to the cathode
material of the aluminum/chromium target.

In this study, to clarify the effectiveness of aluminum/
chromium/tungsten coating film for cutting hardened steel, tool
wear was experimentally investigated. The hardened steel was
turned with the aluminum/chromium/tungsten-based coated
tool according to the physical vapor deposition (PVD) method.
Moreover, the tool wear of the aluminum/chromium/tungsten-
based coated tool was compared with that of the (AL,Cr)N and
(Ti,AD)N coated tools.

The following results were obtained:

(1) The micro-hardness of (Al,Cr,W)N or (Al,Cr,W)(C,N),

*  OSG Corporation

(ALCr)N coating film was 3110 HV,5y or 3080 HV 5y,
respectively. And the micro-hardness of two types of
Aluminum/Chromium/Tungsten-based coating film were
higher than that of both the (Al,Cr)N coating film 2760
HV,,sn and the (Ti,AD)N 2710 HV 5.

(2) The critical scratch load of (A1,Cr,W)(C,N)
coating film 123N was much higher than that of (Al,Cr)N
coating film 77N or (Ti,Al)N coating film 73N.

(3) In cutting the hardened steel using (Al,Cr,W)(C,N) and
(Ti,AI)N coated carbide tools, the wear progress of the
(ALCr,W)(C,N) coated carbide tool was almost equivalent to
that of the (Ti,Al)N coated carbide tool.

The above results clarify that the aluminum/chromium/
tungsten-based coating film, which is a new type of coating film,
has both high hardness and good adhesive strength, and can be
used as a coating film of WC-Co cemented carbide cutting tools.
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An (AL Cr)N coated tool was evaluated through the machining
of sintered steel, and showed greatly improved performance
[1]. And, the (Al, Cr)N coated cemented carbide is an effective
tool material in cutting hardened sintered steel [2]. However,
the results of our study indicate that the critical scratch load,
which is the measured value by the scratch test, of the (A 1, Cr)
N coating film is 77 N and the micro-hardness is 2760 HV .
Therefore, in order to improve both the scratch strength and
the micro-hardness of the (Al, Cr)N coating film, the cathode
material of an aluminum / chromium / tungsten-target was used
in adding tungsten (W) to the cathode material of the aluminum
/ chromium target [3]. Furthermore, the hardened sintered steel
was turned with the aluminum / chromium / tungsten-based-
coated cemented carbide tools. Compared with commercially
available (Al, Cr)N and (Ti, A)N coated cemented carbide
tools, at a low cutting speed of 0.42 m/s, the wear progress of
the aluminum/chromium/tungsten-based-coated tool became the
slowest [3].

However, the addition of Si to TiN coatings is reported
to transform the [111] oriented columnar structure into a
dense finely grained structure, and thin films of Ti-Si-N have
been deposited by physical vapor deposition to improve the
wear resistance of TiN coatings [4]. The hardness of the
Ti0.84Si0.15N1.03 revealed the highest hardness value, around
47 GPa, which is more than double that of common TiN [5].
The Til-xSixN system revealed a significant increase in the
load values for total failure when compared with that of TiN [6].
However, the (Ti, Al, Si)N forms a two-phase scale as in the (Ti,
ADN, but the oxidation resistance is slightly lower, too [7].

From the viewpoint of film-forming, in Inconel 718 turning,
the (Ti, A)N-multilayer coating showed some performance
advantage over the (Ti, Al)N-monolayer at higher speed
[8]. Nowadays, most multi-layer coating materials contain a
combination of TiN, TiC, Ti(C,N) and Al,Os; to improve the tool
life, they are deposited in different sequences [9].

In this study, to improve the tool life in cutting hardened steel,
the cathode material of an aluminum/chromium/tungsten/silicon-
target was used in adding silicon (Si) to the cathode material of
the aluminum/chromium/tungsten-target. Multi-layer coating
materials containing a combination of aluminum / chromium /
tungsten / silicon-based-coating film and aluminum/chromium/
tungsten-based-coating film to improve the tool life were also
used. Furthermore, the characteristics of aluminum / chromium /
tungsten / silicon-based coating films were investigated.

The following results were obtained:

(1) The micro-hardness and the critical scratch load measured
value by a scratch tester of the (Al153, Cr23, W14, Sil0)
(C, N)-coating film was 2990 HV,5y and over 130 N,
respectively.

(2) The mean value of the friction coefficient of the (A153, Cr23,
W14, Si10) (C, N)-coating film was 0.41.

(3) The wear progress of the (A153, Cr23, W14, Sil0) (C, N)-
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coated tool was slower than that of the (Ti, Al) N- and the
(A160, Cr25, W15) (C, N)-coated tool.

(4) In the case of the feed rate of 0.1 mm/rev, the wear progress
of the multilayer coated tool was almost equivalent to that of
the monolayer coated tool. However, at a higher feed rate of
0.2 mm/rev, the wear progress of the multilayer coated tool
was slower than that of the monolayer coated tool.

The above results clarify that the new type of (Al60, Cr25,
W15) (C, N)-coating film has both high hardness and good
adhesive strength, and can be used as a tool material in cutting
hardened steel.
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Aluminum alloys are used for automobile and motorbike
parts due to their high strength-to-weight ratios and good
corrosion resistance. However, as aluminum alloys have poor
wear-resistance, silicon (Si) is added to improve the wear-
resistance. In particular, hypereutectic Al-Si alloys such as A390
(Al-17 mass% Si) are used in applications that require high
resistance to wear and corrosion, good mechanical properties,
low thermal expansion and reduced density [1]. As a result,
they are used in heavy wear applications, often at elevated or
medium temperatures, such as in pistons, cylinder blocks and
AC compressors [2]. High silicon aluminum alloys are generally
machined to improve the dimensional accuracy. However, the
use of hypereutectic Al-Si alloys in engine applications presents
other challenges, including poor casting process reliability, and
difficulties encountered in machining processes, primarily due to
large (100 pm) primary silicon particles [3]. Primary silicon in
hypereutectic aluminum- silicon alloys is very hard, imparting
improved wear resistance but also decreasing tool life during
machining [4].So, in cutting high silicon aluminum alloys with
conventional cutting tools, the wear progress becomes faster
because of the hard primary Si particles. Therefore, diamond
cutting tools such as polycrystalline diamond (PCD) compact
cutting tools or chemical vapor deposition (CVD) diamond
cutting tools, are usually used to cut high silicon aluminum
alloys[5] - [8]. To minimize machining issues while fully
utilizing the outstanding wear properties, primary silicon crystals
should be controlled to a uniform small size and have a uniform
spatial distribution [4]. However, the effect of the primary
silicon particle size on tool wear is unclear when cutting Al-17
mass% Si alloys.

In this study, in order to improve the tool wear resistance of
polycrystalline diamond compact cutting tools, the Si particle
size of an Al-17 mass% Si alloy was changed by adjusting the
water-cooling speed. Two different kinds of Si particle size,
which were changed by adjusting the water-cooling speed,
were used. The Al-17mass%Si alloy was turned with the
polycrystalline diamond compact cutting, and the tool wear was
experimentally investigated.

The following results were obtained:

(1) The formed Si particle size was from 30 to 70 pm or from 40
to 170 um.

(2) The mechanical properties of the Al-17 mass% Si alloy did
not depend on the Si particle size.

(3) The Si particle size including that in the Al-17 mass% Si
alloy had a major influence on the tool wear, and it was
possible to reduce the tool wear by increasing the Si particle
size including that in the Al-17 mass% Si alloy.
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