Description

Title of Invention: CEMENTED CARBIDE COMPOSITE MATERIAL, METHOD
FOR PRODUCING SAME, AND CEMENTED CARBIDE TOOL

Technical Field
[0001]

The present invention relates to cemented carbide composite materials
including cemented carbide and non-cemented carbide, methods for producing the

same, and cemented carbide tools.

Background Art
[0002]

Conventionally inventions about a method for producing a cutting tool
made of cemented carbide only at the cutting part and a cutting tool produced by
such a method have been known (see Patent Literature 1). Patent Literature 1
discloses the method of bonding of a body made of tool steel for hot working and
a cutting part made of cemented carbide by heat treatment, and coating the
surface of the cutting tool with a film made of at least one of metal oxide, nitride,
and carbide (see claim 1, for example, in Patent Literature 1).

[0003]

Inventions about a bonded material made of cemented carbide and steel,
and a method for producing the bonded material also have been known. This
bonded material is effective for a die, such as a forging punch, an extrusion die,
or an extrusion punch, which are required having abrasion resistance, and is at
low cost and is a long-life material. (see Patent Literature 2). Patent Literature 2
discloses a bonded material of cemented carbide and steel that are bonded with Ni
as an insert material. The thickness of the Ni insert is 0.1 mm or more and 0.5

mm or less, the lattice constant of the Ni insert material is 3.540 angstroms or



more and 3.580 angstroms or less, and the Co content of the cemented carbide is
40 weight% or less (see claim 1, for example, in Patent Literature 2).
[0004]

Patent Literature 2 discloses the method for producing the bonded
material as well. The method inserts steel, a Ni insert material, and cemented
carbide or a cemented carbide with different Co content in the descending order
of the Co content in a graphite die, and applying predetermined pressure with a
graphite punch while applying current directly to the graphite punch or the die for
electric-current pressured sintering (see claim 4, for example, in Patent Literature

2).

Citation List

Patent Literature

[0005]
Patent Literature 1: JP 2017-501980 A
Patent Literature 2: JP H11-221680 A

Summary of Invention
Technical Problem
[0006]

According to Patent Literature 1, the coating film improves the
mechanical property of the cutting tool by about 1.5 times as compared with the
tool before the coating (see paragraph 0030, for example, in Patent Literature 1).
The coating may cause insufficient high-temperature strength of the cutting tool.
Electric-current pressure sintering as in Patent Literature 2 may cause breakage or
peeling at the bonded material because of a change in dimensions of the cemented
carbide.

[0007]

The present invention provides a cemented carbide composite material



including cemented carbide and non-cemented carbide having high-temperature
strength and capable of suppressing breakage and peeling of the composite
material.
Solution to Problem
[0008]

A cemented carbide composite material of the present invention includes:
a cemented carbide part including WC-Co-based cemented carbide; a substrate
part including metal that contains Ni or Co that accounts for 50 mass% or more in
total; and an intermediate layer between the cemented carbide part and the
substrate part, the intermediate layer containing components of the cemented
carbide part and components of the substrate part, the intermediate layer
including a part having a gamma phase fraction of 80% or more and having
Vickers hardness less than 700 HV.
Advantageous Effects of Invention
[0009]

The present invention provides a cemented carbide composite material
having high-temperature strength and capable of suppressing breakage and

peeling of the composite material.

Brief Description of Drawings
[0010]

Fig. 1A is a schematic cross-sectional view showing one example of a
cemented carbide composite material according to one embodiment of the present
invention.

Fig. 1B is a schematic cross-sectional view showing one example of a
cemented carbide composite material according to one embodiment of the present
invention.

Fig. 2 is a photograph showing one example of the cemented carbide

composite material of Fig. 1A in cross section.



Fig. 3 is a graph showing one example of the measurement result by the
EPMA of the cemented carbide composite material shown in Fig. 2.

Fig. 4 is a flowchart showing one example of a method for producing a
cemented carbide composite material according to one embodiment of the present
invention.

Fig. 5 is a front view showing one example of a cemented carbide tool
according to one embodiment of the present invention.

Fig. 6 is a photograph showing one example of peeling and breakage
between the cemented carbide part and the substrate part in cross section.

Fig. 7 is a graph showing the gamma phase fraction at the intermediate
layer of a cemented carbide composite material.

Fig. 8 is a graph showing the result of Vickers hardness test at the
intermediate layer of the cemented carbide composite material.

Fig. 9A shows the analysis result of the crystal structure at the
intermediate layer by XRD.

Fig. 9B shows the analysis result of the crystal structure at the
intermediate layer by XRD.

Fig. 9C shows the analysis result of the crystal structure at the
intermediate layer by XRD.

Fig. 10 shows an image of the measurement result by EPMA of the
cemented carbide composite material.

Fig. 11A shows an image of the measurement result by EPMA of the
cemented carbide composite material after heat treatment.

Fig. 11B shows an image of the measurement result by EPMA of the
cemented carbide composite material after heat treatment.

Fig. 11C shows an image of the measurement result by EPMA of the
cemented carbide composite material after heat treatment.

Fig. 11D shows an image of the measurement result by EPMA of the

cemented carbide composite material after heat treatment.



Description of Embodiments
[0011]

The following describes a cemented carbide composite material, a method
for producing the cemented carbide composite material, and a cemented carbide
tool that are embodiments of the present invention, with reference to the drawings.
[0012]

[Cemented carbide composite material]

Fig. 1A and Fig. 1B are schematic cross-sectional views showing one
example of a cemented carbide composite material 10 according to one
embodiment of the present invention. Fig. 2 is a photograph showing one
example of the cemented carbide composite material 10 of Fig. 1A in cross
section.

[0013]

The cemented carbide composite material 10 of the present embodiment
includes: a cemented carbide part 1 made of WC-Co-based cemented carbide
mainly containing tungsten carbide (WC) and cobalt (Co) (containing WC and Co
that account for 50 mass% or more in total); and a substrate part 2 made of metal
containing nickel (Ni) or Co that accounts for 50 mass% or more in total. The
cemented carbide composite material 10 includes an intermediate layer 3 between
the cemented carbide part 1 and the substrate part 2, the intermediate layer 3
containing components of the cemented carbide part 1 and components of the
substrate part 2. This intermediate layer 3 includes a part having a gamma phase
fraction of 80% or more and having Vickers hardness less than 700 HV. The
WC-Co-based cemented carbide making up the cemented carbide part 1 has
excellent high-temperature strength and abrasion resistance. The cemented
carbide composite material 10 having such a configuration accordingly has
excellent high-temperature strength and suppresses breakage and peeling.

[0014]



The gamma phase is called austenitic phase as well, and has a face-
centered cubic (FCC) structure. The gamma phase fraction can be measured by
scanning the range of 200 um x 200 um, for example, by electron backscatter
diffraction (EBSD) and can be calculated based on the area of the gamma phase in
the measured screen. Vickers hardness can be measured by a commercially
available Vickers hardness tester.

[0015]

In the example of Fig. 1B, the cemented carbide composite material 10
has a coating layer 4 on the surface of the cemented carbide part 1. In one
example, the coating layer may be formed by nitriding the surface of the
cemented carbide part 1 or by chemical vapor deposition (CVD) or physical vapor
deposition (PVD). The material of the coating layer 4 is not limited especially,
which may include titanium carbide (TiC), titanium nitride (TiN), titanium
carbonitride (TiCN), aluminum oxide (Al,03), titanium aluminium nitride
(TiAIN), or chromium nitride (CrN). Such a cemented carbide composite
material 10 having the coating layer 4 on the surface of the cemented carbide part
1 improves abrasion resistance of the cemented carbide part 1.

[0016]

The cemented carbide part 1 mainly includes WC-Co-based cemented
carbide in which hard WC particles are dispersed in a metal phase having Co as a
bonded phase. As the amount of Co increases, toughness of the cemented
carbide part 1 improves. That is, the cemented carbide part 1 with high Co
content suppresses breakage or peeling of the cemented carbide part 1 during
forming. An increase of the Co content, however, degrades the strength and
hardness of the cemented carbide part. Preferable Co content of the cemented
carbide part is 25 mass% or more and 50 mass% or less. This prevents breakage
or peeling of the cemented carbide part 1 of the cemented carbide composite
material 10, and so the cemented carbide composite material can have the

toughness, strength and hardness suitable for the use as a tool, for example. In



one example, the cemented carbide part 1 desirably has Vickers hardness of 400
HV or higher and 1000 HV or less.
[0017]

In one example, the cemented carbide part 1 may contain a small amount
of chromium (Cr), vanadium (V), titanium (Ti), tantalum (Ta), and niobium (Nb).
Cr and V suppress grain growth of WC particles and improves oxidation
resistance. Ti, Ta and Nb have the effect of enlarging sound phase of the
cemented carbide structure. Finer WC particles improve the strength and
toughness. The WC particles included in the cemented carbide part 1 therefore
desirably have the average particle diameter of 50 um or less. The average
particle diameter of the WC particles included in the cemented carbide part 1 can
be obtained based on the average of equivalent circle diameters of the particles on
a test plane prepared by cutting the cemented carbide part 1.

[0018]

The substrate part 2 is made of a metal material mainly containing Ni or
Co or both of them. In one example, the substrate part 2 includes Ni-based alloy,
Co-based alloy, pure Ni, pure Co, mixed alloy of Ni and Co, and the mixture of
them with another metal element or non-metal element other than metal elements,
as needed, and contains 50 mass% or more of at least one of Ni and Co or 50
mass% or more of both of them in total. Some components or shapes of the
cemented carbide may generate peeling or breakage during forming. The
substrate part 2 made of pure Ni or pure Co is desirable because this suppresses a
defect due to added elements. Pure Ni or pure Co has low hardness, and so
weakens the binding force to the cemented carbide part 1 from the substrate part 2.
This reduces the stress during additive manufacturing and so suppresses peeling.
When functions of the substrate part 2 have to be adjusted, such as in the case of
requiring high hardness for the substrate part 2 as well, a desirable material of the
substrate part 2 is alloy, such as Ni-based alloy or Co-based alloy.

[0019]



The substrate part 2 made of alloy (alloy part) mainly includes Ni or Co,
or both of them, and is Ni-based alloy, Co-based alloy or mixed alloy of Ni and
Co. In one example, the Ni-based alloy is an alloy containing 50 mass% or more
of Ni, and also containing at least one type of elements selected from chromium
(Cr), cobalt (Co), molybdenum (Mo), tungsten (W), niobium (Nb), aluminum (Al),
titanium (Ti), iron (Fe), zirconium (Zr), tantalum (Ta), vanadium (V), hafnium
(Hf), manganese (Mn), silicon (Si), lanthanum (La), magnesium (Mg), carbon (C),
boron (B), and the like. The Ni-based alloy typically is an alloy having a
gamma phase as the main phase. This means that, when the alloy part includes
Ni-based alloy, the intermediate layer has high gamma phase fraction. This
suppresses extreme deterioration of the toughness.

[0020]

In one example, when the alloy part includes Ni-based alloy, the
composition of the alloy part is 8 mass% or more and 22 mass% or less of Cr,
28.5 mass% or less of Co, 14.5 mass% or less of Mo, 12 mass% or less of W, 5
mass% or less of Nb, 6.1 mass% or less of Al, 4.7 mass% or less of Ti, 18.5% or
less of Fe, 0.1 mass% or less of Zr, 4 mass% or less of Ta, 1.0 mass% or less of V,
1.3 mass% or less of Hf, 0.05 mass% or more and 0.7 mass% or less of Mn, 0.5
mass% or less of Si, 0.02 mass% or less of La, 0.02 mass% or less of Mg, 0.02
mass% or more and 0.2 mass% or less of C, 0.05 mass% or less of B, and Ni as
the balance.

[0021]

In one example, the Co-based alloy is an alloy containing 50 mass% or
more of Co, and also containing at least one type of elements selected from Cr, Ni,
W, Mo, V, Fe, Mn, Si, C and the like. The Co-based alloy contains Co as the
main component that is the same as the bonded phase of the cemented carbide
part 1. When the alloy part includes Co-based alloy, the composition of the
alloy part is 30 mass% or less of Cr, 22 mass% or less of Ni, 15 mass% or less of

W, 4.25 mass% or less of Mo, 1.7 mass% or less of V, 50 mass% or less of Fe, 2.0



mass% or less of Mn, 1.0 mass% or less of Si, 1.1 mass% or less of C, and Co as
the balance.

For the mixed alloy of Ni and Co, when Co-based alloy and Ni-based
alloy are mixed (Ni-Co based alloy), for example, the mixed alloy contains 50
mass% or more of Ni and Co in total, and also contains additive elements to be
used for the Co-based alloy and the Ni-based alloy as stated above.

[0022]

The alloy part with less hardness weakens the binding force to the
cemented carbide part 1 from the alloy part. This reduces the stress during
additive manufacturing and so suppresses peeling. When the cemented carbide
composite material 10 is used as a tool, for example, the material is required to
have a certain degree of hardness. The alloy part therefore preferably has
Vickers hardness of 200 HV or higher and less than 500 HV. Such an alloy part
2 of the cemented carbide composite material 10 has hardness suitable for the use
as a tool, for example.

[0023]

The intermediate layer 3 is formed between the cemented carbide part 1
and the substrate part 2, and is a region containing components of the cemented
carbide part 1 and components of the substrate part 2. During production of the
cemented carbide composite material 10, the intermediate layer 3 is generated at
the joint interface between the cemented carbide part 1 and the substrate part 2
and in the vicinity of the joint interface. The intermediate layer 3 includes a
part having a gamma phase fraction of 80% or more and having Vickers hardness
less than 700 HV. This allows the intermediate layer 3 to have less
embrittlement phase due to martensitic transformation, for example, and have
toughness that is resistant to thermal stress applied during the production of the
cemented carbide composite material 10. The intermediate layer 3 with Vickers
hardness less than 700 HV suppresses breakage in the intermediate layer 3 during

the production of the cemented carbide composite material 10. The part of 700



HV is preferably 20 vol% or more of the intermediate layer as a whole, more
preferably 50 vol% or more, and still more preferably 80 vol% or more.
[0024]

Preferably from the viewpoint of improved toughness and less breakage,
the center part of the intermediate layer 3 has the gamma phase fraction of 80%
or more and Vickers hardness less than 700 HV. More preferably the center part
of the intermediate layer 3 has the gamma phase fraction of 90% or more and
Vickers hardness less than 650 HV. From the same viewpoints, the center part of
the intermediate layer 3 has Vickers hardness higher than the Vickers hardness of
the substrate part 2, i.e., the Vickers hardness of the substrate part 2 is preferably
lower than the Vickers hardness of the center part of the intermediate layer 3. In
one example, the center part of the intermediate layer 3 refers to the round region
from the center of the thickness direction of the intermediate layer 3 and having a
radius of 30% of the thickness of the intermediate layer.

[0025]

From the viewpoint of improved toughness, the intermediate layer 3
desirably has less content of MgC type carbide. The presence of MgC-type
carbide can be determined by X-ray diffraction (XRD), for example.

[0026]

To suppress deterioration in fatigue life of the cemented carbide
composite material 10, the intermediate layer 3 desirably has the porosity fraction
of 1% or less. In one example, the porosity fraction can be calculated by
determining the area of a sample cross section and obtaining the area of visible
gaps through the observation of the sample cross section.

[0027]

As shown in Fig. 2, the presence of the intermediate layer 3 can be
determined based on the external appearance. Observation under a microscope
may fail to clearly determine the boundary between the cemented carbide part 1

and the intermediate layer 3 and the boundary between the substrate part 2 and

10



the intermediate layer 3. In this case, the boundary between the cemented
carbide part 1, the substrate part 2 and the intermediate layer 3 may be specified
by an electron probe micro analyzer (EPMA), for example.

[0028]

More specifically as shown in Fig. 2, the cemented carbide composite
material 10 is cut so as to enable the observation of the cemented carbide part 1
and the substrate part 2 on the same cross section. As shown in the example of
Fig. 2, the cemented carbide part 1 and the substrate part 2 can be distinguished
easily. Next line analysis by the EPMA is conducted with the steps of 20 um
from the cemented carbide part 1 to the substrate part 2 while setting the setting
value of the spot size at 0 um to measure the number of counted X-rays for
tungsten.

[0029]

Fig. 3 is a graph showing one example of the measurement result by the
EPMA of the cemented carbide composite material 10 shown in Fig. 2. In Fig. 3,
the horizontal axis represents the measurement positions [um] that is the distance
from the measurement starting point, and the vertical axis represents the number
of counted X-rays for tungsten. In one example, the boundary between the
cemented carbide part 1 and the intermediate layer 3 and the substantive boundary
between the intermediate layer 3 and the substrate part 2 can be specified based
on the fluctuating width of the number of counted X-rays for tungsten.

[0030]

Specifically while the fluctuating width of the counted number between
the mutually adjacent analysis points is about £10% in the intermediate layer 3,
the fluctuating width of the counted number between the mutually adjacent
analysis points is about +20% or more in the cemented carbide part 1. The
counted number and the fluctuating width of the counted number are very small in
the substrate part 2 as compared with in the cemented carbide part 1 and the

intermediate layer 3. Fig. 3 shows a change in the fluctuating width of the
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counted number of W, and this is because the intermediate layer contains the
components of the cemented carbide part and the substrate part. In this way the
counted number of X-rays for tungsten may be measured on the cross section of
the cemented carbide composite material 10 by EPMA to define the boundary
between the cemented carbide part 1 and intermediate layer 3 and the substantive
boundary between the intermediate layer 3 and the substrate part 2.

[0031]

As described above the present embodiment provides the cemented
carbide composite material 10 including the cemented carbide part 1 made of
cemented carbide and the substrate part 2 made of non-cemented carbide and
having high-temperature strength as compared with conventional materials and
capable of suppressing breakage and peeling of the composite material.

[0032]

[Method for producing cemented carbide composite material]

Fig. 4 is a flowchart of a method S10 for producing a cemented carbide
composite material according to one embodiment of the present invention. The
method S10 for producing a cemented carbide composite material of the present
embodiment produces the cemented carbide composite material 10 as stated above
including the cemented carbide part 1 made of WC-Co-based cemented carbide,
and the substrate part 2 made of metal containing Ni or Co that accounts for 50
mass% or more in total. This method S10 for producing the cemented carbide
composite material includes a preheat step S1 and a composite material producing
step S2. The embodiment of the present invention may include a heat treatment
step S3.

[0033]

The preheat step S1 preheats the substrate part 2 made of metal containing
Ni or Co that accounts for 50 mass% or more in total so that the substrate part 2
reaches a temperature of 350°C or higher. In one example, the preheat step S1

may be conducted using high-frequency induction heating, a gas burner, an
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infrared electric heater, a heating furnace, or irradiation with electron beams or
laser.  Preferably the preheat step S1 preheats the substrate part 2 at a
temperature of 500°C or higher. Preferably the preheat step S1 preheats the
substrate part 2 at a temperature of 1300°C or lower from the viewpoint of
preventing the deformation due to the self weight.

[0034]

The composite material producing step S2 forms the cemented carbide
part 1 on the substrate part 2 by additive manufacturing, and produces the
cemented carbide composite material 10 having the intermediate layer 3 between
the substrate part 2 and the cemented carbide part 1, the intermediate layer 3
containing the components of the substrate part 2 and the components of the
cemented carbide part 1. The additive manufacturing is not limited especially,
which may include directional energy deposition, such as laser metal deposition,
powder bed fusion, and plasma-transferred-arc powder welding.  Additive
manufacturing by directional energy deposition fuses material powder of WC-Co-
based cemented carbide with a heat source that is any one of laser, an electron
beam, plasma, and arc, and makes the fused material powder adhere to the
substrate part 2 for solidifying to stack the cemented carbide part 1 on the
substrate part 2 for forming.

[0035]

The composite material producing step S2 forms the cemented carbide
part 1 on the substrate part 2 by additive manufacturing, so as to mix the
components of the substrate part 2 and the components of the cemented carbide
part 1 at the interface of the cemented carbide part 1 and the substrate part 2 and
in the vicinity of the interface. This generates the intermediate layer 3 between
the cemented carbide part 1 and the substrate part 2, the intermediate layer 3
containing components of the cemented carbide part 1 and components of the
substrate part 2, and so produces the cemented carbide composite material 10

having the intermediate layer 3 between the cemented carbide part 1 and the
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substrate part 2.
[0036]

As stated above, the preheat step S1 preheats the substrate part 2 at a
temperature of 350°C or higher, and this suppresses breakage and peeling
between the cemented carbide part 1 and the substrate part 2 at the composite
material producing step S2. Specifically the preheat step S1 preheats the
substrate part 2 at a certain temperature or higher, and this reduces the cooling
rate of the materials that are fused and bonded during the additive manufacturing
of the cemented carbide part 1 at the following composite material producing step
S2, and so suppresses hardening or breakage at a low temperature of the cemented
carbide part 1 and hydrogen diffusion.

[0037]

The preheating of the substrate part 2 at the preheat step S1 also enables
gentle temperature gradient of the cemented carbide part 1 during additive
manufacturing at the composite material producing step S2, and so suppresses
deformation due to thermal stress and reduces the residual stress. Preheating of
the substrate part 2 at a temperature of 500°C or higher at the preheat step S1
suppresses small cracks at the composite material producing step S2.

[0038]

The heat treatment step S3 heat treats the cemented carbide composite
material 10 at a temperature of 1000°C or higher and 1300°C or lower. This
allows diffusion and dissipation of eta phase and free carbons that the formed
cemented carbide part 1 has at the composite material producing step S2. The
producing method of the present embodiment therefore preferably performs the
heat treatment step S3. These eta phase and free carbons are embrittlement
phase, and the presence of them degrades the toughness of the cemented carbide
part 1.

[0039]

The heat treatment step S3, which is to diffuse and eliminate the eta phase

14



and free carbons in the cemented carbide part 1, therefore improves the toughness
of the cemented carbide part 1. From the viewpoint of effectively diffusing and
eliminating eta phase and free carbons in the cemented carbide part 1 to improve
the toughness of the cemented carbide part 1, the temperature to heat treat the
cemented carbide composite material 10 at the heat treatment step S3 is
preferably 1200°C or higher and 1300°C or lower.

[0040]

The method S10 for producing the cemented carbide composite material
of the present embodiment may have a cutting step to cut the cemented carbide
composite material 10 before and after the heat treatment step S3. This
improves the shape accuracy of the cemented carbide composite material 10.
[0041]

[Cemented carbide tool]

Referring to Fig. 5 together with Fig. 1A to Fig. 4, the following describes
a cemented carbide tool according to one embodiment of the present disclosure.
Fig. 5 is a front view showing one example of a cemented carbide tool 20
according to one embodiment of the present invention. In one example, the
cemented carbide tool 20 is a punch of a warm forging die. The cemented
carbide tool 20 of the present embodiment is not limited to such a punch of a
warm forging die. In one example, the cemented carbide tool 20 has a
machining part 21, and may be used as a tool that has the acting face at the
machining part 21 to cut, shape, move, and hold a workpiece.

[0042]

The cemented carbide tool 20 is a tool including the cemented carbide
composite material 10 as stated above. The cemented carbide tool 20 has the
machining part 21 to machine a workpiece, and a base 22 to support this
machining part. The machining part 21 of the cemented carbide tool 20 is the
cemented carbide part 1 of the cemented carbide composite material 10 as stated

above, and the base 22 of the cemented carbide tool 20 is the substrate part 2 of

15



the cemented carbide composite material 10 as stated above. That is, the
cemented carbide tool 20 is produced by the method S10 for producing a
cemented carbide composite material as stated above. Although not shown in
Fig. 5, the cemented carbide tool 20 has an intermediate layer 3 between the
cemented carbide part 1 making up the machining part 21 and the substrate part 2
making up the base 22.

[0043]

Conventional forging dies are often made of tool steel that has excellent
high-temperature strength and abrasion resistance. For hot forging, however,
such tool steel mainly containing Fe will be softened at the forging temperature,
and causes a problem of short life of the die. The cemented carbide tool 20 of
the present embodiment includes the cemented carbide part 1 at the machining
part 21, and so has excellent high-temperature strength and gives long life to the
die.

[0044]

A tool made of conventional cemented carbide is produced by mixing WC
particles and Co-based alloy as binder and sintering them. While cemented
carbide is hard and has excellent abrasion resistance, it has poor toughness and so
deteriorates due to mechanical impact and thermal shock involved in the thermal
history. To improve the toughness of the cemented carbide, an effective way is
to increase the Co content of the Co-based alloy. This, however, causes a
problem of a large dimension change during sintering.

[0045]

The cemented carbide tool 20 of the present embodiment is produced by
the method S10 for producing a cemented carbide composite material based on
the additive manufacturing as stated above. This enables near-net-shape forming
of the machining part 21 having a complexed shape, and so enables the forming
of a die having a function that conventional dies do not have, such as temperature

control using a cooling channel.
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[0046]

The machining part 21 formed by the additive manufacturing has high
density as compared with conventional tools produced by sintering, and so has the
advantage of a small dimension change during heat treatment after forming. The
tool is made of the cemented carbide composite material 10 having the structure
as stated above, and so suppresses peeling or breakage between the machining
part 21 and the base 22 of the tool that is produced by forming the machining part
21 that is the cemented carbide part 1 on the base 22 that is the substrate part 2
having a different composition from the cemented carbide part 1.

[0047]

Specifically the base 22 is the substrate part 2 having high gamma phase
fraction, and this increases the joint strength between the machining part 21 that
is the cemented carbide part 1 and the base 22, and forms the intermediate layer 3
having good toughness and hardness. Specifically the substrate preferably has
the gamma phase fraction of 80% or more, and more preferably 90% or more.
The present embodiment therefore provides a crack-free cemented carbide tool 20
free from peeling and breakage between the machining part 21 and the base 22.
The cemented carbide tool 20 therefore has a longer life when the tool is used at a
high temperature during hot forging, for example. Although the raw material of
the cemented carbide is expensive, the tool is made of such cemented carbide at
the machining part 21 acting on a workpiece, and is made of a different material
at the other part. This reduces the cost for the raw material.

[0048]

That is a detailed description of the embodiment of the present invention
with reference to the drawings. The specific configuration of the present
invention is not limited to the above-stated embodiment, and the design may be
modified variously without departing from the spirits of the present invention.
The present invention also covers such modified embodiments.

[0049]
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[Examples]

Firstly as the materials of the substrate part, alloys having three different
compositions from No.1 to No.3 shown in Table 1 were prepared. The units for
the compositions shown in Table 1 are mass%, and “Bal” indicates the “balance”.
Specifically No.1 denotes carbon steel, No.2 denotes austenitic stainless steel,
and No.3 denotes Ni-based alloy. Next Vickers hardness of the prepared three
types of alloy was measured. The result shows 140 [HV] for No.1, 192 [HV] for
No.2, and 307.5 [HV] for No.3. The measurements of the prepared three types
of alloy about gamma phase fraction by EBSD show 10% or less for No.1, and

95% between 99% for No.2 and No.3.

[0050]
[Table 1]
No. | € | Si | Mn | P S Ni | C | Mo | Co | Cu | Al | Ti | Fe B
1 /011017 | 14 | 0014 | 0002 | - - - - - - - | Bal
2 0.05| 0.8 1.6 0.03 0.03 102 | 185 - - - - - Bal
3 0.03 | 0.08 | 0.05 | 0.004 | D.ODOZ2 | Bal | 1358 | 3.08 | 0.04 | 0.02 | 0.56 | 0.94 | 2419 | 0.0038

[0051]

(Example 1)

The Ni-based alloy of No.3 shown in Table 1 was used as the substrate
part, and the preheat step was conducted to preheat this substrate part at 350°C.
Next the composite material producing step was conducted to form a cemented
carbide part on the substrate part by additive manufacturing so as to produce a
cemented carbide composite material having an intermediate layer between the
substrate part and the cemented carbide part, the intermediate layer including the
components of the substrate part and the components of the cemented carbide part.
This additive manufacturing was conducted using WC-Co cemented carbide
powder having the Co content of 40 mass% as the material of the additive
manufacturing, and by laser deposition that was the directional energy deposition.

The cemented carbide part was formed by depositing the material so that the
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height reached 10 mm with 8 paths for one layer, so as to stack about 20 layers.
Table 2 shows the conditions for the additive manufacturing. The conditions on
the additive manufacturing shown in Table 2 were set so as to keep the amount of
heat input to the powder relatively low and so suppress breakage between the

substrate part and the cemented carbide part.

[0052]
[Table 2]
Laser Input Feeding Input heat Defocus Carrier Shield Sidegas
Rate heat amount of amount to gas flow gas flow
output ] length flowrate
(W] [mmimin] amount powder powder (mm rate rate (L/min]
[kdiem] [a/cm] [kJ/g] [Limirn] [L/min]
1200 100 7.2 0.2 36 20 55 20 10
[0053]
(Example 2)

The cemented carbide composite material was produced similarly to
Example 1 as stated above except that the temperature of the substrate part at the
preheat step was set at 500°C.

[0054]

(Example 3)

The cemented carbide composite material was produced similarly to
Example 1 as stated above except that the temperature of the substrate part at the
preheat step was set at 600°C.

[0055]

(Comparative Example 1)

The cemented carbide composite material was produced similarly to
Example 1 as stated above except that the carbon steel of No.1 in Table 1 was
used as the substrate part and the preheat step was skipped.

[0056]
(Comparative Example 2)

The cemented carbide composite material was produced similarly to
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Example 1 as stated above except that the carbon steel of No.1 in Table 1 was
used as the substrate part .
[0057]

(Comparative Example 3)

The cemented carbide composite material was produced similarly to
Example 1 as stated above except that the austenitic stainless steel of No.2 in
Table 1 was used as the substrate part and the preheat step was skipped.

[0058]

(Comparative Example 4)

The cemented carbide composite material was produced similarly to
Example 1 as stated above except that the austenitic stainless steel of No.2 in
Table 1 was used as the substrate part.

[0059]

(Comparative Example 5)

The cemented carbide composite material was produced similarly to
Example 1 as stated above except that the preheat step was skipped.

[0060]

For the produced cemented carbide composite materials from Example 1
to Example 3 and Comparative Example 1 to Comparative Example 5, liquid
penetrant examination and cross-sectional observation were conducted to check
breakage and peeling. Table 3 shows the result of the liquid penetrant
examination and cross-sectional observation. Table 3 shows “good”, “pass” and
“fail” for the “presence of breakage and peeling”.

[0061]
[Table 3]
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Alloy No. | Preheattemp. | presence of breakage and peeling
Ex. 1 3 Preheat 350°C Pass
Ex. 2 3 Preheat 500°C Good
Ex. 3 3 Preheat 600°C Good
Comp. Ex. 1 1 Mot prehaat Fail
Comp. Ex. 2 1 Preheat 350°C Fail
Comp. Ex. 3 2 Mot prehzat Fail
Comp. Ex_ 4 2 Preheat 350°C Fail
Comp. Ex. 5 3 Mot prehzat Fail
[0062]

Fig. 6 is a photograph showing examples of peeling and breakage between
the cemented carbide part 1 and the substrate part 2 in cross section found in
Comparative Example 1 to Comparative Example 5. The “presence of breakage
and peeling” in Table 3 shows breakages generated at the intermediate layer 3,
and peeling S indicates a horizontal breakage along the boundary between the
cemented carbide part 1 and the intermediate layer 3 or between the intermediate
layer 3 and the substrate part 2, and breakage C indicates the other breakages.
Determination on the breakages is as follows. The materials without breakage C
and peeling S were determined as “good”, the materials with breakage C and
without peeling S were determined as “pass”, and the materials with breakage C
and peeling S were determined as “fail”.

[0063]

As shown in Table 3, the intermediate layers 3 from Comparative Example
1 to Comparative Example 5 had both of breakage and peeling, and so were
determined as “fail”. Especially Comparative Example 1 and Comparative
Example 2 including the substrate part 2 made of Fe-based alloy containing
carbon steel and so mainly containing Fe had obvious peeling S, irrespective of

the preheat step. The cemented carbide composite materials of Example 1 to
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Example 3 had no peeling S. Particularly the cemented carbide composite
materials of Example 2 to Example 3 only had no breakage and peeling in the
intermediate layer 3 at all.

[0064]

Fig. 7 is a graph showing the gamma phase fraction at the intermediate
layer 3 of the cemented carbide composite materials of Example 1 to Example 3
and Comparative Example 1 to Comparative Example 5. In Fig. 7, the horizontal
axis represents the types (alloy No) of the base plate (substrate part). The
gamma phase fraction was measured by scanning the range of 200 um x 200 pum
at a center part of the intermediate layer 3 in a cross section of the cemented
carbide composite material by EBSD with the scan-step of 0.7 um, and was
calculated based on the area of the gamma phase in the measured screen.
Comparative Example 1 and Comparative Example 2 (alloy No.1) having obvious
peeling S had the gamma phase fraction of about 50%, and had the remaining half
that was alpha phase (body-centered cubic) and a third phase. Comparative
Example 3 and Comparative Example 4 (alloy No.2), which had relatively less
breakage C and peeling S as compared with Comparative Example 1 and
Comparative Example 2, as well as Comparative Example 5 and Example 1 to
Example 3 (alloy No.3) had the gamma phase fraction of 90% or more.

[0065]

Fig. 8 is a graph showing the result of Vickers hardness test at the
intermediate layer 3 of the cemented carbide composite materials of Example 1 to
Example 3 and Comparative Example 1 to Comparative Example 5. Vickers
hardness was measured by M-type micro-Vickers hardness tester produced by
Shimadzu Corporation. The test load was 500 gf, and the holding time was 20 s.
The measured position was a center part of the intermediate layer 3 in a cross
section of the composite material (more specifically a position moved by about 1
to 2 mm from the boundary between the substrate and the intermediate layer

toward the cemented carbide part). The intermediate layers 3 of Comparative
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Example 1 and Comparative Example 2 (alloy No.1) had Vickers hardness that
was a very high value of 900 or more. Considering this with the measurement
result by EBSD as stated above, martensitic transformation presumably occurred
during the course of rapid fusing and rapid solidifying of the additive
manufacturing material during the additive manufacturing of the cemented
carbide part 1. The intermediate layers 3 of the cemented carbide composite
materials of Example 1 to Example 3 (alloy No.3), which had no peeling S and
porosity, had Vickers hardness less than 700, and had low hardness as compared
with the intermediate layers 3 of the other cemented carbide composite materials
having peeling S and breakage C.

[0066]

Fig. 9A to Fig. 9 C show the result of XRD measurement at the
intermediate layers 3 of Example 1, Comparative Example 2, and Comparative
Example 4. Fig. 9A, Fig. 9B, and Fig. 9 C show the measurement results of
Example 1, Comparative Example 2, and Comparative Example 4, respectively.
XRD was measured at a center part of the intermediate layer 3 in a cross section
of the cemented carbide composite material. The beam size was 100 um, Cu was
used as the X-ray source, the operating rate was 0.5 deg/min, and the sampling
was 0.01 deg. At the intermediate layer 3 of Example 1, the peak of FCC was
mainly detected, and the peak of WC also was detected in addition to the peak of
FCC. At the intermediate layers 3 of Comparative Example 2 and Comparative
Example 4, BCC as well as FCC was detected. The peak of M¢C type carbide
also was detected. MgC type carbide is a cubical crystal but has a complex
crystal structure, and so is an intermetallic compound that is brittler than WC and
lowers the toughness. The intermediate layer 3 therefore desirably contains less
MeC type carbide. Specifically the area of the main peak of each crystal
structure is found by profile fitting, and these areas are summed. The area of the
main peak of the MsC type carbide is desirably 2% or less of the summed value.

[0067]
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Fig. 10 shows an image of the measurement result by EPMA of the
cemented carbide part of the cemented carbide composite material of Example 2.
In the cemented carbide part of the cemented carbide composite material of
Example 2, WC particles 1b having the particle diameter of a few um to 20 um
were found in the parent phase 1a mainly made of Co. Eta phase 1c as double
carbide of W and Co, and free carbons 1d that are single and free C components
also are found. Since the eta phase 1c and free carbons 1d function as the
embrittlement phase, the structure only made up of the parent phase la and the
WC particles 1b is more desirable.

[0068]

Then the cemented carbide composite material of Example 2 was heat
treated at a temperature from 1200°C to 1300°C. Fig. 11A to Fig. 11D show the
measurement results by EPMA of the cemented carbide part after heat treatment.
Fig. 11A, Fig. 11B, Fig. 11C and Fig. 11D show the measurement results of the
cemented carbide composite material that was heat treated at temperatures of
1200°C, 1250°C, 1275°C, and 1300°C, respectively. Dissipation of the eta phase
1c and free carbons 1d was confirmed for all of the samples. This improves the
toughness of the cemented carbide part.

[0069]

As stated above, in order to obtain a cemented carbide composite material
having high joint strength, the method of increasing the toughness of the
intermediate layer was examined. Specifically the present inventors focused on
the combination of the cemented carbide part and the substrate part, and
examined various combinations. As a result, the present inventors confirmed
that appropriate selection of a metal having high gamma phase fraction as the
substrate part enables an intermediate layer having high joint strength with the
cemented carbide part and having good toughness and hardness.

[0070]

Additive manufacturing is a method to stack a material of the cemented
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carbide part on a different material of the substrate part for fusing and solidifying,
and form these materials. This method often generates breakage because rapid
heating and cooling of the materials generate large thermal stress during forming.
The cemented carbide part has high strength but has low toughness, and peeling S
also is found at the interface between the substrate and the formed object during
forming. Such peeling S is generated at a region (intermediate layer 3) where
the materials of the cemented carbide part and the substrate part are mixed
because the substrate part also is fused at the same time during the stacking and

forming of the cemented carbide part.

Reference Signs List

[0071]

1 Cemented carbide part

2 Substrate part

3 Intermediate layer

4 Coating layer

10 Cemented carbide composite material
20 Cemented carbide tool

21 Machining part

22 Base

S1 Preheat step

S2 Composite material producing step
S3 Heat treatment step

S10 Method for producing cemented carbide composite material
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Claims

1. A cemented carbide composite material comprising: a cemented carbide part
including WC-Co-based cemented carbide; and a substrate part including metal
that contains at least one of Ni and Co that accounts for 50 mass% or more in
total;

the cemented carbide composite material including an intermediate layer
between the cemented carbide part and the substrate part, the intermediate layer
containing components of the cemented carbide part and components of the
substrate part,

the intermediate layer including a part having a gamma phase fraction of
80% or more and having a Vickers hardness of less than 700 HV,
wherein the cemented carbide part has Co content that is 25 mass% or more and

50 mass% or less.

2. The cemented carbide composite material according to claim 1, wherein the

substrate part includes Ni, Co, or a mixed alloy of Ni and Co.

3. A cemented carbide composite material comprising: a cemented carbide part
including WC-Co-based cemented carbide; and an alloy part including Ni-based
alloy or Co-based alloy;

the cemented carbide composite material including an intermediate layer
between the cemented carbide part and the alloy part, the intermediate layer
containing components of the cemented carbide part and components of the alloy
part,

the intermediate layer including a part having a gamma phase fraction of
80% or more and having a Vickers hardness of less than 700 HV,
wherein the cemented carbide part has Co content that is 25 mass% or more and

50 mass% or less.
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4. The cemented carbide composite material according to claim 1 or claim 3,
wherein the intermediate layer has a center part having a gamma phase fraction of
80% or more and having a Vickers hardness of less than 700 HV, and the substrate
part has a Vickers hardness lower than the center part of the intermediate layer

has.

5. The cemented carbide composite material according to claim 4, wherein the

substrate part has a Vickers hardness that is 200 HV or more and less than 500 HV.

6. The cemented carbide composite material according to claim 1 or claim 3,
wherein the intermediate layer has a center part having a gamma phase fraction of

90% or more and having a Vickers hardness of less than 650 HV.

7. The cemented carbide composite material according to claim 1 or claim 3,
wherein a measurement of the intermediate layer by XRD shows an area of a main

peak of MgC type carbide that is 2% or less of an overall constituent phase.

8. The cemented carbide composite material according to any one of claims 1 to 7,

further comprising a coating layer on a surface of the cemented carbide part.

9. A method for producing a cemented carbide composite material including: a
cemented carbide part including WC-Co-based cemented carbide; and a substrate
part including metal that contains at least one of Ni and Co that accounts for 50
mass% or more in total, the method comprising:

a preheat step of preheating the substrate part at a temperature of 350°C
or higher; and

a composite material producing step of forming the cemented carbide part
on the substrate part by additive manufacturing, and producing the cemented

carbide composite material having an intermediate layer between the substrate
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part and the cemented carbide part, the intermediate layer containing components

of the substrate part and components of the cemented carbide part.

10. The method for manufacturing the cemented carbide composite material
according to claim 9, wherein the substrate part includes Ni, Co, Ni-based alloy,

Co-based alloy, or mixed alloy of Ni and Co.

11. The method for manufacturing the cemented carbide composite material
according to claim 10, wherein the preheat step preheats the substrate part to

500°C or higher.

12. The method for manufacturing the cemented carbide composite material
according to claim 9 or 11, further comprising a heat treatment step after the
composite material producing step, the heat treatment step heat treating the
cemented carbide composite material at a temperature of 1000°C or more and

1300°C or lower.

13. The method for manufacturing the cemented carbide composite material
according to claim 12, wherein the heat treatment step heat treats the cemented
carbide composite material at a temperature of 1200°C or more and 1300°C or

lower.

14. A cemented carbide tool including the cemented carbide composite material
according to any one of claims 1 to 8, comprising:

a machining part to machine a workpiece, and a base to support the
machining part,

the machining part including the cemented carbide part, the base

including the substrate part.
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