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Description

Field of the invention

[0001] The present invention relates to a method for
sintering metal-matrix composite materials and to the
corresponding materials that can be obtained by the
aforesaid method.

Prior art

[0002] Metal-matrix composite (MMC) materials are
very widespread in all applications that are subject to
phenomena of abrasion, high temperatures, erosion, and
impact, such as for example cutting tools and tools for
die-forming of metal materials.

[0003] This is due to their particular combination of
properties, in particular:

- hardness values measured according to ISO stand-
ard 3878:1983 ranging from 800 to 1900 HV meas-
ured at 30 kgf (HV30); and

- toughness values measured according to ISO stand-
ard 28079:2009 ranging from 5 to 25 MPa-M-0-5,

[0004] The combination of hardness and toughness is
obtained thanks to the combination of the properties of
a well-distributed metal phase and of a ceramic phase
or even a combination of ceramic phases.

[0005] Traditionally, by reducing the amount of metal
within a composite material it is possible to increase the
hardness thereof (hence losing toughness), whereas by
increasing the amount of metal it is possible to increase
the toughness of the composite material (hence losing
hardness). An example of said behaviouris clearly visible
in Figure 4, wherein the references MMC1 and MMC2
refer to sets of data representative of the performance
of materials of a known type as the volume percentages
of the metal phase and of the ceramic phase vary.
[0006] High speed steels, which historically have been
used up to the advent of cemented carbides as materials
for cutting tools, are still today competitive in industrial
applications thanks to their high values of toughness
combined with a hardness sufficient for a vast number
of uses.

[0007] Practically all technical metals and/or transition
metals have been used and tested as metal matrices,
even though modern-day industry is oriented substan-
tially towards the use of cobalt (thanks to its excellent
wettability with the ceramic phase), nickel (thanks to its
wettability and resistance to corrosion) or nickel alloys
(thanks to theirimproved wettability with complex ceram-
ic mixtures).

[0008] The ceramic phase usually comprises tungsten
carbide (WC) as single component, but also carbides of
titanium (TiC), tantalum (TaC), vanadium (VC), molyb-
denum (Mo,C), chromium (Cr3C,), and hafnium (HfC)
are used both as single component or in different com-

10

15

20

25

30

35

40

45

50

55

binations and proportions thereof.

[0009] Nitrides of transition metals have also found ap-
plication, especially in combination with carbides, in
so-called CERMET materials, such as titanium carbo-
nitride (TiCN).

[0010] Currently, itis known that the best combination
of hardness and toughness for metal-matrix composite
materials comprises a material having a cobalt matrix
and a ceramic reinforcement basically constituted by
grains of tungsten carbide that have been stabilised with
other carbides or additives, which thus constitute an ad-
ditional phase.

[0011] This is due to the high intrinsic toughness of
tungsten carbide as compared to that of other carbides
or nitrides.

[0012] Industrial standards for methods for sintering
metal-matrix composite materials for cutting tools entail
the following steps:

i) wet powder milling with process control agents
such as polymeric binders and/or lubricants, fol-
lowed, if necessary, by granulation of the powders
themselves;

ii) pressing or extrusion of the powder to provide a
semifinished product (also known as "green");

iii) de-waxing/pre-sintering and, if necessary, ma-
chining of the semifinished product ("green"); and
iv) sintering attemperatures close to or slightly above
the liquidus temperature and, if necessary, hot iso-
static pressing (HIP) to remove or at least reduce
residual porosities.

[0013] This method is otherwise known as "lig-
uid-phase sintering" and the complete thermal cycle
(stepsiii) toiv)) may last, including cooling, up to 20 hours
in order to reduce or atleast prevent the thermal stresses
inside the sintered components.

[0014] The presence of a liquid phase is required in
known sintering methods for improving the wettability and
the diffusion kinetics of the elements that constitute the
ceramic phase, thus reducing the cycle time to the bare
minimum.

[0015] As aconsequence of liquid-phase sintering, the
ceramic phase grows in size and assumes a peculiar
faceted shape due to the high orientation dependent free
energy of the surfaces.

[0016] Alternative methods to the liquid-phase sinter-
ing comprise, for example, electric-current assisted sin-
tering (ECAS). Said methods are known for enabling sin-
tering of a high volumic fraction of metal-matrix compos-
ite materials in a very short time and with low tempera-
tures thanks to the effect of the electromagnetic field on
the diffusivity of the elements.

[0017] In order to achieve a contained sintering time,
the ECAS sintering apparatus used must be rapidly heat-
ed and cooled progressively, but as fast possible.
[0018] This causes internal stresses and cracks within
the material if this has a traditional composition, i.e., of
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the type described previously, not enabling a stable and
reliable solution for the industrial production of sintered
components using this methodology.

[0019] The increase in the performance of the cutting
tools has historically been sought with different means:

- decrease in carbide grain size by addition of grain
growth inhibitors;

- decrease of the grain size by controlling the process-
ing conditions;

- decrease of the grain size by a variation of the sin-
tering technique;

- functionalization ofthe surface gradient so asto have
a lower percentage of cobalt on the surface of the
cutting tools and a higher percentage of cobalt in-
side; and

- addition of transformation toughening mechanisms
in order to increase the value of the parameter K¢,
indicating Palmquist toughness.

[0020] The reduction of the production cost and of the
impact on the health of workers (see, for example, the
document "Report on carcinogens, background docu-
ment for Cobalt-Tungsten Carbide: powders and hard
metals" - published in 2009) for the production of cement-
ed carbides has been sought through the at least partial
substitution of cobalt with iron and nickel. Outside of the
tight window within which the content of carbon needs to
be controlled in conventional sintering technologies in
order to achieve a structure of the type comprising a sim-
ple metal matrix and tungsten carbide, the inferior me-
chanical properties of the materials obtained have never
attracted producers and users.

Object of the invention

[0021] The object of the present invention is to over-
come the technical problems described previously;
namely:

- low toughness with high hardness in metal-matrix
composite materials with high volumic fraction of ce-
ramic phase;

- short service life of traditional/conventional met-
al-matrix composite materials with high ceramic vol-
ume fraction in applications for machining with chip
removal;

- search for an alternative to cobalt as metal matrix in
the production of hard materials for containing the
fluctuations of price and the problems of toxicity in
the production of cutting tools;

- grain coarsening of the ceramic phase during oven
or conduction sintering of metal-matrix composite
materials with high ceramic volume fraction; and

- poor repeatability of the methods for high-speed
electric-current assisted sintering of metal-matrix
composite materials with high ceramic volume frac-
tion.
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Summary of the invention

[0022] The objects of the present invention are
achieved by a method for the production of metal-matrix
composite materials having the features forming the sub-
ject of one or more of the ensuing claims, which form an
integral part of the technical disclosure provided herein
in relation to the invention.

[0023] In particular, the obj ects of the invention are
achieved by a method for sintering a composite material
including at least one metal phase and at least one ce-
ramic phase, the method comprising the steps of:

- providing said at least one metal phase in the form
of powders of pre-alloyed metal material;

- providing said at least one ceramic phase in the form
of powders of ceramic material;

- mixing the powders of said at least one metal phase
and of said at least one ceramic phase; and

- sintering the mixed powders for a time interval of
between 104 s and 60 s,

wherein one or more metal phases have a coefficient of
thermal expansion of between 0 K-1 and 6:106 K-1 at

room temperature.

Brief description of the figures

[0024] The invention will now be described with refer-
ence to the annexed drawings, which are provided purely
by way of non-limiting example and in which:

- Figure 1 illustrates a pair of comparative diagrams
of the performance of a cutting tool obtained from a
known material and sintered in a known way and of
a cutting tool made of a first composite material sin-
tered using the method according to the invention,
where each of Figures 1A, 1B refers to a specific
cutting speed;

- Figure 2illustrates a comparative diagram of the per-
formance of a cutting tool obtained from a known
material and sintered in a known way and of cutting
tools obtained from, respectively, a second and a
third composite material sintered using the method
according to the invention;

- Figure 3illustrates a comparative diagram of the per-
formance of a cutting tool obtained from a known
material and sintered in a known way and of cutting
tools obtained from, respectively, the third material
and a fourth material, which are sintered using the
method according to the invention; and

- Figure 4 illustrates a comparative diagram of the val-
ues of Vickers hardness and of Palmquist toughness
of various materials of a known type and of the ma-
terials that can be obtained using the method ac-
cording to the invention.
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Detailed description of the invention

[0025] The steps that make up a method for sintering
metal-matrix composite materials according to a pre-
ferred embodiment of the invention will now be described.
The composite material that can be obtained using the
method according to the invention comprises atleast one
metal phase and at least one ceramic phase. A
monophase metal, a multiphase metal, a single metal
element or a metal alloy can be used as metal phase.
[0026] Providing the at least one metal phase in the
form of powders of pre-alloyed metal material (or mate-
rials) and providing the atleast one ceramic phase, which
is also in the form of powders of ceramic material (or
materials) are initial steps. By providing the pre-alloyed
metal material, the possibility of formation of the final met-
al phase from a mixture of metal elements during sinter-
ing is excluded. This is necessary since, as will be seen
hereinafter, on account of the high velocities of the sin-
tering process, it is not possible to form the alloy during
sintering.

[0027] The powders of metal material are provided in
amounts sufficient to obtain a composite material in
which the metal phase has a volume percentage of be-
tween 2 vol% and 40 vol%.

[0028] The size of the particles of the powders of the
(at least one) metal phase can range from 1 nm to 500
pm and can be mono-modal or multi-modal. It is in gen-
eral preferable to have all the particles with an average
size of less than 50 um.

[0029] Similarconsiderations apply to the average size
of the particles of the powders of the (at least one) ce-
ramic phase: it can range from 1 nm to 500 um and can
be mono-modal or multi-modal, butitis preferable to have
an average size of the particles of less than 5 pm.
[0030] A further constraint concerning the metal phase
exists, namely, the coefficient of thermal expansion. The
method according to the invention envisages that one or
more metal phases have a coefficient of thermal expan-
sion of between 0 K-1and 6-10-6 K-1 at room temperature.
The method according to the invention yields optimal re-
sults when each metal phase (in particular, in the case
of multiphase metal matrix) has a coefficient of thermal
expansion of between 0 K-! and 6-10-6 K-1 at room tem-
perature. In addition, on the basis of what has been said
above, in the case where the metal matrix comprises a
single metal phase it is envisaged that this has a coeffi-
cient of thermal expansion of between 0 K-1 and 6:10-6
K-1 at room temperature.

[0031] An example of metal phase that satisfies said
condition is that of an Fe-Ni alloy with a weight percent-
age of nickel of between 32 wt% and 42 wt%.

[0032] After preparation of the powders of the metal
phase and of the ceramic phase the operations proceed
with mixing of the aforesaid powders (of the metal and
ceramic phases), possibly combined with a dry or wet
grinding operation, which can be performed at the same
time as the mixing step or even prior to this. Grinding
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becomes necessary in the case where the powders have
an average size excessive for the final characteristics
that it is intended to bestow on the sintered component.
[0033] In general, the mixing and/or milling operation
can be carried out with the contribution of a mixing agent
that is in the liquid phase at room temperature and pres-
sure and that is preferably chosen in a group comprising
ethanol, alkanes - preferably heptane, hexane - cy-
clohexane, water, or polymeric mixing agents, for exam-
ple silicone or silicone-based compounds. In this even-
tuality, there is envisaged a further step of elimination of
the liquid mixing agent from the slurry that is extracted
from the milling/mixing apparatus.

[0034] Theinventors have further observed that down-
stream of the step of elimination of the liquid agent a
residual percentage of additive of around 1% can be tol-
erated. In an experiment conducted with the use of glycol
and heptane as liquid mixing additives, it has been ob-
served that, by tolerating a residual percentage of 0.5
wt% of glycol and 1 wt% of heptane, the impact on the
properties of the sintered material is almost negligible.
[0035] The method according to the invention yields
optimal results in the case where the steps of mixing of
the powders and the possible steps of milling are carried
out in the absence of any process-control polymeric
agent that at room temperature is in the solid state, such
as wax and paraffin.

[0036] The mixed powders of the (at least one) metal
phase and of the (at least one) ceramic phase are then
inserted in a mould of sintering equipment. The method
according to the invention yields optimal results if the
sintering is performed using an electric-current-assisted
sintering (ECAS) apparatus.

[0037] The powders within the mould are then subject-
ed to sintering with a duration of the cycle, comprising a
heating step and a cooling step, of between 104 s and
60 s. The result is that of a composite material with a
density of between 90% and 100% of the theoretical den-
sity (an ECAS method is described in the document No.
WO-A-2010/070623 filed in the name of the present ap-
plicant). The method according to the invention yields
optimal results in the case where the sintering operation
is performed in the absence of protective atmosphere
(which for these applications is typically a gaseous pro-
tective atmosphere).

[0038] Moreover, no further methods of treatment
downstream of the ones just mentioned are necessary.
The sintered material thus obtained has unprecedented
values of toughness with high hardness and presents a
better performance in the applications of machining with
chip removal as compared to known materials.

[0039] No grain growth inhibitor has been added to the
mixture of powders, nor do the compounds obtained us-
ing the method according to the invention have ceramic
grains of a size equal to that of the starting powders. This
is basically due to the shorttime interval in which sintering
develops as compared to the known methods (which are
much slower). This moreover leads to the advantage of
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preventing formation of undesirable phases due gener-
ally to the reaction between the ceramic phase and the
metal phase in the case of long sintering times.

[0040] The inventors have moreover found that very
satisfactory results in terms of mechanical properties of
the sintered composite material are obtained by conduct-
ing the heating step in a time range of between 1 ms and
500 ms. Preferably, however, the time interval concerned
by the heating step is chosen between 1 ms and 100 ms
because the effects just mentioned are further amplified.
[0041] By way of example, it is possible to use as ce-
ramic phase a single phase, for example tungsten car-
bide (WC), titanium carbide (TiC), titanium nitride (TiN),
or titanium carbo-nitride (TiCN), or alternatively a mixture
of two or more ceramic phases in different percentages
can be provided.

[0042] Generalizing, the usable ceramic phases can
comprise at least one carbide of a metal chosen in the
group comprising tungsten (WC), titanium (TiC), tanta-
lum (TaC), hafnium (HfC), molybdenum (Mo,C), niobium
(NbC and Nb,C), zirconium (ZrC), vanadium (VC), chro-
mium (Cr3C).

[0043] In addition, the aforesaid ceramic phases can
alternatively comprise also the family of the nitrides of
the same metals, i.e., tungsten (WN and WN,), titanium
(TiN), tantalum (TaN), hafnium (HfN), molybdenum
(Mo,N), niobium (NbN), zirconium (ZrN), vanadium (VN),
chromium (CrN), or carbo-nitrides TiC(1-x)Nx where x is
comprised between 0 and 1.

[0044] A first example of mixture of ceramic phases is
a mixture comprising 70 vol% of tungsten carbide (WC)
and 30 vol% of titanium carbide. A second example is a
mixture comprising 50 vol% of tungsten carbide (WC)
and 50 vol% of titanium carbo-nitride (TiCN). It is also
possible to use a mixture of more than two ceramic phas-
es, such as, for example, a mixture with 50 vol% of tung-
sten carbide (WC), 30 vol% of titanium carbide (TiC), and
20 vol% of titanium carbo-nitride (TiCN).

[0045] Other examples of mixtures of ceramic phases
comprise:

- 50 vol% of tungsten carbide (WC) and 50 vol% of
titanium carbide (TiC);

- 30 vol% of tungsten carbide (WC) and 70 vol% of
titanium carbide (TiC);

- 30 vol% of tungsten carbide (WC) and 70 vol% of
titanium carbo-nitride (TiCN); and

- 70 vol% of tungsten carbide (WC) and 30 vol% of
titanium carbo-nitride (TiCN).

[0046] With reference to what has been described
above, the method according to the invention will be fur-
ther illustrated via the description of specific examples
of sintering of metal-matrix composite materials, illustrat-
ing also the superior performance of said materials as
compared to materials obtained with known methods.
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EXAMPLE 1

[0047] Metalparticles constituted by an Fe-Nialloy with
42 wt% of nickel and a coefficient of thermal expansion
at room temperature of 6:10-6 K-1 obtained by a process
of mechanical alloying and sifted through a 150-um sieve
(102 mesh) are mixed without polymer additives in an
industrial mixer with powder of tungsten carbide (WC)
and titanium carbide (TiC). The size of the ceramic pow-
ders is determined according to the ASTM standard
B330-07 and corresponds to FSSS = 1.03 um for the
tungsten carbide and FSSS = 1.9 pm for the titanium
carbide.

[0048] The weight percentages of each powder are the
following: 9.77 wt% of Fe-Ni alloy with 42 wt% of nickel,
79.53 wt% of tungsten carbide, and 10.7 wt% of titanium
carbide.

[0049] 2.90 g of mixture are poured into a mould for an
ECAS apparatus of the type described in
WO-A-2010/070623 filed in the name of the present Ap-
plicant.

[0050] By applying a single 30-ms electromagnetic
pulse, cylinders of sintered material with a diameter of
10 mm, a height of 3.260.07 mm, and a density of
11.33=0.09 g/cm3 are produced.

[0051] After an accurate preparation of the samples,
the Vickers hardness at 30 kgf and the Palmquist tough-
ness are respectively: 1464+98 HV30 and 24.49+1.58
MPa-m-0-5, The grain size of the titanium-carbide phase
in the composite material is approximately 2 pm, whilst
the grain size of the tungsten-carbide phase is approxi-
mately 1 pm.

[0052] Thecylinderswere ground and polishedin order
to create a cutting insert with a nose radius of 0.8 mm
and an end relief angle of 5° that enables the metal chip
to break off during machining.

[0053] Byway ofillustration, Figure 1A presents a com-
parison with a similar cutting insert obtained starting from
a commercial tool of degree P20 (ISO standard) with a
value of Vickers hardness at 30 kgf of 148118 HV30
and a value of Palmquist toughness of 16.78+0.5
MPa-m-05, The insert was brazed on a tool holder and
used on a lathe for machining normalized C40 steel with
a Brinnel hardness of 210 HB. The cutting speed consid-
eredwas 120 m/min. The abscissae represent the cutting
time expressed in minutes, and the ordinates represent
the parameter of wear of the tool VBg according to ISO
3685, expressed in millimetres. The set of data designat-
ed by the reference N1 corresponds to a tool using a
composite material corresponding to the one described
in this example (which will at times be referred to here-
inafter for brevity as "tool N1"), whilst the set of data des-
ignated by PA refers to the tool of degree P20 mentioned
above (which will at times be referred to hereinafter for
brevity as "tool PA"). From the comparison, it is immedi-
ately evident that already at low cutting speeds the re-
duction of wear of the cutting edge is appreciable, with
obvious benefits in terms of costs and of reduction of
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machine downtime for replacing the tool. Even more el-
oquent is the subsequent Figure 1B, which illustrates the
same comparison between the tool N1 and the tool PA
but performed with a cutting speed increased to 140
m/min. It may be noted how, upon overstepping of a cut-
ting time of three minutes, the tool PA shows a wear that
is approximately twice that of the cutting edge of the tool
N1 made of the material of Example 1. The increase in
wear is moreover rather contained as compared to the
wear observable on the tool PA, where, assuming as
reference the cutting instants corresponding to three min-
utes and six minutes, there is noted an increase of the
wear up to approximately six times the initial value, whilst
with the tool N1 the wear presents anincrease thatreach-
es approximately three times the initial value.

EXAMPLE 2

[0054] Metal particles constituted by an Fe-Ni alloy with
42 wt% of nickel, with a coefficient of thermal expansion
atroom temperature of 6106 K-1 obtained by a process
of mechanical alloying and sifted through a 150-pum sieve
(102 mesh) are mixed without polymer additives in an
industrial mixer with powder of tungsten carbide (WC)
and titanium carbide (TiC). The size of the ceramic pow-
ders is determined according to the ASTM standard
B330-07 and corresponds to FSSS = 1.9 pum for titanium
carbide.

[0055] The weight percentages of each powder are the
following: 18.65 wt% of Fe-Ni alloy with 42 wt% of nickel
and 81.35 wt% of titanium carbide.

[0056] 1.38 g of mixture are poured into a mould for an
ECAS apparatus of the type described in
WO-A-2010/070623.

[0057] By applying a single electromagnetic pulse with
a heating time of approximately 30 ms, cylinders of sin-
tered material are obtained with a diameter of 10 mm, a
height of 3.56+0.04 mm, and a density of 4.93+0.04
glcms.

[0058] After an accurate preparation of the specimen,
the Vickers hardness at 30 kgf and the Palmquist tough-
ness are 161348 HV30 and 18.82+3.02 MPa-m-0-5 re-
spectively. The grain size of the titanium-carbide phase
in the composite material is approximately 2 pum.
[0059] Figure 2issimilartoFigures 1A and 1B butcom-
prises in just one diagram four sets of data, namely:

- a first set PA obtained at a cutting speed of 140
m/min, which corresponds to the performance of the
tool of a known type of Example 1 at the cutting speed
of 140 m/min;

- asecond set N1 obtained at a cutting speed of 140
m/min, which corresponds to the performance of the
tool N1 at the cutting speed of 140 m/min;

- a third set N2 obtained at a cutting speed of 140
m/min, which corresponds to the performance of a
tool using a cutting insert made of a material sintered
according to the method of the invention (which will
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at times be referred to hereinafter for brevity as "tool
N2") and corresponding to the one described in this
example (Example 2) at the cutting speed of 140
m/min; and

- a fourth set N2 obtained at a cutting speed of 210
m/min corresponding to the performance of the same
tool of the set N2 obtained at a cutting speed of 140
m/min but with a cutting speed brought up to 210
m/min.

The improvement as compared to the tool PA is highly
significant, as likewise it is as compared to the tool N1.
It should be noted how, even after a long cutting time,
the wear parameter VBg for the tool N2 remains, with
both cutting speeds, abundantly below 0.2 mm, whilst
the same parameter is well over 0.6 mm already after
three minutes and with a cutting speed of 140 m/min for
the tool PA.

EXAMPLE 3

[0060] Metal particles constituted by Fe-Ni alloy with
42 wt% of nickel with a coefficient of thermal expansion
atroom temperature of 6 X 10-6 K-1 obtained by a process
of mechanical alloying and sifted through a 150-pm sieve
(102 mesh) are mixed without polymer additives in an
industrial mixer with powders of tungsten carbide and
titanium carbide. The size of the ceramic powders is de-
termined according to the ASTM standard B330-07 and
is equal to FSSS = 1.03 pwm for the tungsten carbide and
FSSS = 1.9 um for the titanium carbide.

[0061] The weight percentages for each powder are
the following: 11.81 wt% of Fe-Ni alloy with 42 wt% of
nickel, 67.11 wt% of tungsten carbide, and 21.07 wt% of
titanium carbide.

[0062] 3.23 gof mixture are putin a mould foran ECAS
apparatus of the type described in WO-A-2010/070623.
With a single electromagnetic pulse that heats the pow-
ders in approximately 30 ms cylinders of sintered material
are obtained with a diameter of 10 mm, a height of
4.09+0.02 mm, and a density of 9.87+0.04 g/cm3.
[0063] The grain size of the tungsten-carbide phase in
the composite material is approximately 2 um, whilst the
grain size of tungsten carbide is approximately 1 um.

EXAMPLE 4

[0064] Metal particles consisting of Fe-Ni alloy at 36
wt% of nickel with a coefficient of thermal expansion at
room temperature of 2x106 K-1 are obtained by a proc-
ess of atomization and with a maximum size of 45 um.
[0065] The weight percentages for each powder are
the following: 11.5=0.5 wt% of Fe-Ni alloy with 42 wt%
of nickel, 67.5+0.5 wt% of tungsten carbide, and
21.5+0.5 wt% of titanium carbide.

[0066] 3.23 g of mixture are put into a mould for an
ECAS apparatus of the type described in
WO-A-2010/070623. With a single electromagnetic
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pulse that heats the powders for approximately 30 ms,
cylinders of sintered material are obtained with a diam-
eter of 10 mm, a height of 4.09+0.04 mm, and a density
of 9.72+0.07 g/cm3.

[0067] After accurate preparation of the specimen, the
Vickers hardness at 30 kgf and the Palmquist toughness
are, respectively, 171627 HV30 and 20.03+0.64
MPa-m=0-5, The grain size of the tungsten-carbide phase
in the composite material is approximately 2 pm, whilst
the grain size of tungsten carbide is approximately 1 um.
[0068] Figure 3illustrates a comparison of the perform-
ance of the tool PA with tools having a cutting insert made
of the material described in Example 3 and Example 4,
respectively.

[0069] Consequently, there are four sets of data,
namely:

- afirstset PA obtained ata cutting speed of 140 m/min
associated to the tool made of known material and
referring to the cutting speed of 140 m/min;

- asecond set N3 obtained at a cutting speed of 140
m/min associated to a tool with cutting insert made
of the material described in Example 3 (which will at
times be referred to hereinafter for brevity as "tool
N3") and referring to the cutting speed of 140 m/min;

- a third set N3 obtained at a cutting speed of 210
m/min associated to a tool with cutting insert made
of the material described in Example 3 and referring
to the cutting speed of 210 m/min; and

- a fourth set N4 obtained at a cutting speed of 140
m/min associated to a tool with cutting insert made
of the material described in Example 4 (which will at
times be referred to hereinafter for brevity as "tool
N4") and referring to the cutting speed of 140 m/min.

[0070] Thedifference betweenthe material of Example
3 and that of Example 4 lies in the use of atomized pow-
ders instead of powders obtained by mechanical milling.
[0071] The values of the wear parameter VBg settle
substantially on values that are close to each other in the
case of the tools N3 and N4, in a way somewhat inde-
pendent of the cutting speed. Even more evident is the
gap with respect to the tools obtained with known mate-
rials.

[0072] Finally, Figure 4 illustrates a comparative dia-
gram where the abscissae represent the values of Vick-
ers hardness (HV30) and the ordinates represent the val-
ues of Palmquist toughness (K,¢), the latter being ex-
pressed in MPa-m™0-5, for different materials, namely:

- the reference MMC1 designates a set of data corre-
sponding to a first class of metal-matrix composite
materials of a known type made up of tungsten and
cobalt carbide with variable percentages of cobalt
ranging from 13 vol% to 25 vol%;

- the reference MMC2 designates a set of data corre-
sponding to a second class of commercially available
metal-matrix composite materials of a known type;
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- thereference PA designates a datum corresponding
to the pair of values of toughness/hardness for the
material for cutting tools of degree P20 used as term
of comparison in Examples 1, 2, 3 and 4, described
previously;

- thereference PA/2 designates a datum correspond-
ing to the pair of values of toughness/hardness for
a further material for cutting tools of a known type;
and

- the reference N* designates a cloud of points (with
corresponding bands of uncertainty of measure-
ment) corresponding to pairs of values of tough-
ness/hardness of metal-matrix composite materials
obtained by means of the method according to the
invention and including points corresponding to the
materials of Examples 1, 2, 3 and 4 and to other
sintered materials not explicitly mentioned herein. In
particular, the dots corresponding to Examples 1, 2
and 4 are designated by the references N1, N2 and
N4.

[0073] It may be noted how the method according to
the invention enables materials to be obtained, the prop-
erties of which in terms of combination of toughness and
hardness fall in an area of the diagram substantially with-
out data regarding known materials obtained with known
methods and where there coexist values of toughness
and hardness that are unattainable in combination by the
aforesaid known sintered materials using known meth-
ods.

[0074] Of course, the details of construction and the
embodiments may vary widely with respect to what has
been described and illustrated herein purely by way of
non-limiting example, without thereby departing from the
scope of the invention, as defined in the annexed claims.

Claims

1.  Amethodfor sintering a composite materialincluding
at least one metal phase and at least one ceramic
phase, the method comprising the steps of:

- providing said at least one metal phase in the
form of powders of pre-alloyed metal material;
- providing said at least one ceramic phase in
the form of powders of ceramic material;

- mixing the powders of said at least one metal
phase and of said at least one ceramic phase;
and

- sintering the mixed powders for a time interval
of between 104 s and 60 s,

wherein one or more metal phases have a coefficient
of thermal expansion of between 0 K- and 6-10-6

K-1 at room temperature.

2. Themethod accordingto Claim 1, wherein each met-



10.
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al phase has a coefficient of thermal expansion of
between 0 K-1 and 6-10-6 K-1 at room temperature.

The method according to Claim 1 or Claim 2, wherein
said step of mixing the powders of said at least one
metal phase and of said at least one ceramic phase
is performed in the absence of polymer additives that
are in the solid state at room temperature.

The method according to any one of the preceding
claims, wherein said sintering step is performed by
means of an electric-current assisted sintering
(ECAS) apparatus.

The method according to Claim 1, wherein the sin-
tering step is performed in the absence of a protec-
tive atmosphere.

The method according to any one of the preceding
claims, wherein said sintering step comprises a heat-
ing step that is performed for a time interval of be-
tween 1 ms and 500 ms, preferably between 1 ms
and 100 ms.

The method according to any one of Claims 1 to 3,
wherein said step of mixing the powders of said at
least one metal phase and of said at least one ce-
ramic phase comprises a further step of milling of
the powders of said at least one metal phase and of
said atleast one ceramic phase, said further grinding
step being performed at the same time as or prior to
said step of mixing the powders of said at least one
metal phase and of said at least one ceramic phase.

The method according to Claim 7, wherein milling is
of the wet type and is performed by means of the
contribution of a mixing agent that is in the liquid
state at room temperature and pressure and that is
preferably chosen in a group comprising ethanol, al-
kanes, cyclohexane, water, silicone and silicone-
based compounds, wherein said alkanes preferably
comprise heptane and hexane.

The method according to Claim 8, comprising a fur-
ther step of elimination of said mixing agent per-
formed prior to said step of sintering of said mixed
powders, preferably by means of drying.

The method according to any one of the preceding
claims, wherein said at least one ceramic phase
comprises at least one carbide of a metal chosen in
agroup comprising tungsten, titanium, tantalum, haf-
nium, molybdenum, niobium, zirconium, vanadium,
chromium.

The method according to any one of the preceding
claims, wherein said at least one ceramic phase
comprises at least one nitride of a metal chosen in

10

15

20

25

30

35

40

45

50

55

12.

13.

14.

15.

16.

17.

a group comprising tungsten, titanium, tantalum, haf-
nium, molybdenum, niobium, zirconium, vanadium,
chromium.

The method according to any one of the preceding
claims, wherein said at least one ceramic phase
comprises titanium carbo-nitride.

The method according to Claim 10, wherein said at
least one ceramic phase comprises a mixture of a
first tungsten-carbide phase and of a second titani-
um-carbide phase, said first and second phases be-
ing present in said mixture preferably in one of the
following proportions, alternatively:

- 70 vol% of tungsten carbide and 30 vol% of
titanium carbide;

- 50 vol% of tungsten carbide and 50 vol% of
titanium carbide; and

- 30 vol% of tungsten carbide and 70 vol% of
titanium carbide, respectively.

The method according to Claim 12, wherein said at
least one ceramic phase comprises a mixture of a
first tungsten-carbide phase and of a second titani-
um-carbo-nitride phase, each of said first and sec-
ond phases being present in said mixture preferably
in one of the following proportions, alternatively:

- 70 vol% of tungsten carbide and 30 vol% of
titanium carbo-nitride;
- 50 vol% of tungsten carbide and 50 vol% of
titanium carbo-nitride;
- 30 vol% of tungsten carbide and 70 vol% of
titanium carbo-nitride;

The method according to any one of the preceding
claims, wherein the powders of said at least one met-
al phase has an average size of the particles of be-
tween 1 nm and 500 pum, preferably less than 50 pm.

The method according to any one of the preceding
claims, wherein the powders of said at least one ce-
ramic phase have an average size of the particles
of between 1 nm and 500 um, preferably less than
5 pm.

A metal-matrix composite material that can be ob-
tained using a method according to one or more of
the preceding claims.
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