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prising a core of metal carbide grains and a binder selected from cobalt, nickel,
iron and alloys containing one or more of these metals and a surface layer defin -
ing an outer surtace for the article, the surface layer comprising 5 to 25 weight
percent of tungsten and 0.1 to 5 weight percent carbon, the balance of the surface
layer comprising a metal or alloy selected from the binder metals and alloys and
the surtace layer being substantially free of carbide grains as determined by op -
tical microscopy or SEM. A method for the production of a cemented carbide art -
icle 1s also provided.
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CEMENTED CARBIDE ARTICLE AND METHOD FOR MAKING SAME

This disclosure relates generally to cemented carbide articles and a method for

manufacturing such articles.

The surface of tungsten carbide — cobalt (WC-Co) cemented carbide materials including up to
10 wt.% Co (after sintering) may contain very little Co and there may be only naked WC
grains visible on the surface. Such a surface is likely to exhibit reduced fracture toughness
and strength, which may be associated with relatively large gaps between WC grains having
reduced Co content at the surface. Such gaps can be considered as micro-cracks, which can
relatively easily be opened up at low loads leading to the initiation and propagation of further
cracks and ultimately failure of the whole carbide article. Another disadvantage of the
surface layer containing very little Co is that the wettability of such a layer by various brazing
solders tends to be very poor during brazing, which leads to poor bonding between the
carbide articles and steel and tends to result in poor quality of brazed wear-parts and tools.
These disadvantages also apply to WC-based carbide grades comprising binder material
containing other Fe-group metals and their alloys (Ni and/or Fe). It is likely to be very difficult
to remove the surface layer containing little or no Co by grinding cemented carbide articles
that have a complicated shape. |In some cases, it may not be economically reasonable to

grind carbide articles after sintering.

United States patent number 4,830,930 discloses a surface-refined sintered alloy body
comprising a hard phase containing at least one selected from the group including carbides
of the metals of the groups 4a, 5a and 6a of the periodic table and a binding phase
containing at least one selected from iron group metals. The concentration of the binding
phase Is highest at the outermost surface and approaches the concentration of the inner

portion.

United States patent application publication number 2004/0211493A1 discloses a method for
making a cemented carbide article with a high Co content on the surface. The method
comprises heat-treatment of the carbide article in a vacuum at 1000 to 1400°C and fast

cooling In nitrogen.
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Viewed from a first aspect there is provided a cemented carbide article comprising a core of
metal carbide grains and a binder selected from cobalt, nickel, iron and alloys containing one
or more of these metals and a surface layer defining an outer surface for the article, the
surface layer comprising 5 to 25 weight percent of tungsten and 0.1 to 5 weight percent
carbon, the balance of the surface layer comprising a metal or alloy selected from the binder
metals and alloys and the surface layer being substantially free of carbide grains as

determined by optical microscopy or SEM.

Various combinations and arrangements are envisaged by this disclosure, non-limiting and

not-exhaustive examples of which are described below.

In example arrangements, the surface layer may have thickness of at least about 1 micron

and at most about 50 microns, and may include Co, Ni and/or Fe and dissolved tungsten and

carbon.

In some example arrangements, the surface layer thickness may be at least about 2 microns

and at most about 20 microns.

In some example arrangements, the surface layer may be substantially continuous over a
surface of the article, and in some arrangements the surface layer can be at least 96%, 97%,
98%, 99% or 100% of the surface area of the article.

In some example arrangements, the surface layer may consist essentially of 5 — 25 wt.%
tungsten and approximately 0.1 — 5 wt.% carbon, Co, NI and/or Fe or their alloys and
optionally grain growth inhibitors (for example V, Cr, Ta, etc.) otherwise included In the

carbide articles.

In some example arrangements, the surface layer may comprise approximately 10 - 15 wt.%
tungsten and approximately 1 - 4 wt.% carbon. In one arrangement, the surface layer may
further comprise one or more of approximately 0.1 - 10 wt.% V, approximately 0.1 - 10 wt.%
Cr, approximately 0.1 - 5 wt.% Ta, approximately 0.1 - 5 wt.% Ti, approximately 0.5 - 15 wt.%

Mo, approximately 0.1 - 10 wt.% Zr, approximately 0.1 - 10 wt.% Nb and approximately 0.1 -
10 wt.% Hf.
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In some example arrangements, the crystal lattice parameter of Co, Ni and/or Fe or their
alloys with the face-centred cubic crystal lattice Iin the surface layer may be higher compared
to corresponding metals or alloys by at least 0.01%. Without being bound by theory, this may

be as a result of tungsten dissolved in the coating.

In some example arrangements, the surface layer may be under residual tensile strength of
approximately 10 to 500 MPa. This can be measured by the grazing incident XRD method
using the iso-inclination sin2y method as described by M. Fitzpatrick, T. Fry, P. Holdway , et
al. NPL Good Practice Guide No. 52: Determination of Residual Stresses by X-ray Diffraction

— Issue 2. September 2005.

In some example arrangements, there may be an intermediate layer (or “interlayer”) between
the surface layer and the article core region, the interlayer having a thickness of 0.5 micron to
40 microns and consists of WC grains and a binder comprising Co, Ni and/or Fe; the binder
content In the interlayer being higher compared to the core region by at least 5%. The binder

content in interlayer may gradually decrease from the coating towards the core region.

In some example arrangements, the indentation fracture toughness of the surface layer may

be higher than cemented carbide articles without surface layer by at least 50%.

In some example arrangements, the transverse rupture strength of unground articles with

coating may be higher than not-ground articles without coating by at least 20%.

The cemented carbide of the article may be cemented tungsten carbide.

Disclosed cemented carbide articles may have the aspect of enhanced transverse rupture
strength (TRS) and fracture toughness. The coating can also contain grain growth inhibitors
(V, Cr, Ta, etc.) otherwise included In the carbide articles. The TRS of such carbide articles
has been found to be significantly enhanced and the fracture toughness of the surface layer
to be significantly improved. The presence of the surface layer or skin also significantly
improves their wettability by brazing solders, which is likely to result in improved bonding

between the articles and steel, for example.
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Viewed from a second aspect there Is provided a method of making a cemented carbide
article according to this disclosure, the method including forming a mixture of metal carbide
grains and a binder selected from cobalt, iron and nickel and alloys containing one or more of
these metals; pressing the mixture into the form of an article; sintering the article at a
sintering temperature, and cooling the sintered article to a temperature at which the binder is
substantially solid, in an inert gas, nitrogen, hydrogen or a mixture thereof in at least three
cooling stages, the cooling rate of the first stage being greater than that of the second stage

which Is greater than that of the third stage.

The sintering of the article may takes place at a temperature of about 1400°C to 1500°C in a
vacuum or inert gas under pressure. Suitable inert gases are helium, neon, argon, krypton,

xenon and radon.

In one version of the disclosed method, the cooling of the article may take place over at least
three stages at an average cooling rate of approximately 0.01 to 4 degrees centigrade per
minute, wherein the first stage cooling I1s from the sintering temperature to 1380°C, the
second cooling stage I1s from 1380°C to 1340°C and the third cooling stage is from 1340°C to
1280°C, and wherein the cooling rate in the third stage 1s from 0.01 to 1 degrees Centigrade
per minute, the cooling rate in the second stage is higher than that the second cooling stage
by a factor of two, and the cooling rate in the first cooling stage is higher than that of the third
cooling stage by a factor of at least five. The article may be cooled from 1280°C to 1250°C at
the cooling rate as that of the third stage. This cooling regime has been found to produce a
cemented carbide article having a surface layer described above and the advantages of
iImproved transfer rupture strength and fracture toughness in a commercially acceptable
sintering time. A cemented carbide article is produced with the advantages mentioned above

without sacrificing productivity.

Non-limiting examples are described In detail below with reference to the accompanying

figures, of which
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Fig 1A shows a micrograph of the surface of K20 after sintering according to Example 1, and
Fig 1B shows a micrograph of the surface of K20 after the formation of the Co-based surface
layer as a result of sintering according to Example 2;

Fig. 2 shows a micrograph of a metallurgical cross-section with the Co-based surface on K20
obtained according to Example 2;

Fig. 3A shows articles of NKO/ after sintering according to Example 3 and Fig. 3B shows
articles of NKO7 with the Co/Ni surface layer after sintering according to Example 4, both
subjected to the Cu-based brazing solder (2168, Brazetech) at a temperature of
approximately 1200°C for 2 minutes; and

Fig. 4A shows Vickers indentations on the surface of NKO/ after sintering according to
Example 3, load of 30 kg, Fig. 4B shows Vickers indentations on the surface of NKO/7 with the
Co-Ni-based surface layer after sintering according to Example 4, load of 30 kg and Fig. 4C
shows Vickers indentations on the surface of NKO7 with the Co-Ni-based surface layer after

sintering according to Example 4, load of 100 kg.

In the Examples which follow, wt. = weight and min = minutes

Example 1 (Comparative example)

Cemented carbide articles of the K20 grade containing WC, 6 wt.% Co and 0.2 wt.% VC with
WC mean grain size of roughly 1 um were sintered at 1420°C for 75 min (45 min vacuum and
30 min HIP at 40 Bar). Afterward the articles were cooled down In Ar at a average cooling
rate of 10 degrees per minute. As a result, their surface layer contained WC grains and
approximately 0.5 wt.% Co which was established by Energy Dispersive X-Ray Analysis
(EDX). The surface of K20 cemented carbide article after sintering is shown In Fig.1A. The
TRS value established by use of unground rods of 8 mm In diameter and 25 mm In length
was equal to 1740 MPa. The indentation fracture toughness obtained at a load of 30 kg was
equal to 10.1 MPa m1/2. The wettability of the surface by a Cu-based brazing solder (2168,
Brazetech) after heat-treatment at 1200°C for 2 min was relatively poor, as only
approximately 40% of surface of a plate of approximately 19 x 19 mm was covered by the

solder.
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Example 2

Cemented carbide articles of the K20 grade were sintered at 1420°C for 75 min (45 min
vacuum and 30 min HIP at 40 Bar). Afterwards, a mixture of 1/3 argon, 1/3 hydrogen and 1/3
nitrogen at pressure of 1.5 Bar was introduced into the furnace and the articles were cooled
down to 1250°C at an average cooling rate of 2 degrees per minute. The cooling rate was
equal to 4.5 degrees per minute between 1420°C and 1380°C, 1 degree per minute between
1380°C and 1340°C, and 0.5 degree per minute between 1340°C and 1280°C as well as
between 1280°C and 1250°C; afterwards the cooling rate was uncontrolled down to room
temperature. As a result, a continuous Co-based surface layer was formed on the article.
The appearance of the surface layer is shown In Fig.1B and a cross-section with the surface
layer 1s shown In Fig. 2 indicating that the surface layer thickness was approximately 3 to 5
microns. No WC grains were found in the Co-based coating by means of optical microscopy
and SEM on the cross-section of the cemented carbide article with the coating. According to
the results of Auger Electron Spectroscopy (AES) of the composition of the surface layer
obtained after removing approximately 300 nm (nanometres) of the surface layer by Ar ion
sputtering, was found to be the following (wt.%): W - 10.9, V — 3.1, C - 2.7, the balance
being Co. AES was used In this Example rather than the EDX method used in the
comparative Example 1 because in Example 1 the detected zone needed to be sufficiently
thick (of the order of several microns) to measure the low Co concentration in the whole near-
surface layer of the carbide article, whereas in Example 2 the detected zone needed to be
very thin to measure the composition of only the Co-based coating (the thickness of the

analysed layer i1s well below 0.5 um after Ar ion sputtering).

There was an interlayer between the surface layer and the article core of nearly 5 um In
thickness comprising WC grains and the Co-based binder; the average Co content in the
Interlayer was equal to 10 wt.%. The TRS value established by use of unground rods of 8 mm
IN diameter and 25 mm In thickness was equal to 2520 MPa, which 1s higher compared to
samples of Example 1 by nearly 45%. The Indentation fracture toughness of the surface
layer of the articles of this example was dramatically improved, as no Palmquist cracks,
which are cracks typically forming on ceramic materials during Vickers indentation, were
visible near the Vickers indentations obtained at a load of 30 kg. The wettability of the

surface by the Cu-based brazing solder (2168, Brazetech) at 1200°C for 2 min was perfect,
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as 100% of surface of a plate of approximately 19 x 19 mm was covered by the solder. XRD
examinations indicated that the surface layer comprised only the face-centred cubic (fcc) Co
modification. The crystal lattice parameter of the Co based surface layer was found to be
3.5447 A, which is higher compared to that of pure Co by 0.017%. The surface layer was

characterised by residual tensile stress of -7/6 MPa.

Example 3 (Comparative)

Cemented carbide articles of the NKO/ grade containing WC, 4.8 wt.% Co, 2 wt.% NI, 0.3
wt% Cr;C, and 0.3 wt.% VC with WC mean grain size of roughly 0.7 um were sintered at
1420°C for 75 min (45 min vacuum and 30 min HIP at 40 Bar). Afterward the articles were
cooled down In Ar at an average cooling rate of 10 degrees per minute. As a result, their
surface contained WC grains and only approximately 0.4 wt.% Co and 0.2 wt.% NI, which
was established by EDX. The TRS value established by use of unground rods of 8 mm In
diameter and 25 mm In length was equal to 1290 MPa. The indentation fracture toughness
obtained at a load of 30 kg was equal to 9.2 MPa m1/2. The wettability of the surface by the
Cu-based brazing solder (2168, Brazetech) at 1200°C for 2 min was relatively poor, as only
approximately 50% of the surface of a plate of approximately 19 x 19 mm were covered by

the solder, which can be seen in Fig.3A.

Example 4

Cemented carbide articles of the NKO/ grade were sintered at 1420°C for 75 min (45 min
vacuum and 30 min HIP at 40 Bar). Afterwards, a mixture of 1/3 argon, 1/3 hydrogen and 1/3
nitrogen at pressure of 1.5 Bar was Introduced into the furnace and the articles were cooled
down to 1250°C at an average cooling rate of 2 degrees per minute. The cooling rate was
equal to 4.5 degrees per minute between 1420°C and 1380°C, 1 degree per minute between
1380°C and 1340°C, and 0.5 degree per minute between 1340°C and 1280°C as well as
between 1280°C and 1250°C; afterwards the cooling rate was uncontrolled down to room
temperature. As a result, a continuous Co/Ni-based surface layer was formed on the article
and the surface layer thickness was roughly 10 um. According to the results of AES obtained

after removing nearly 300 nm of the surface layer by Ar ion sputtering, the composition of the
surface layer was the following (wt.%). W —-123, V-34, Cr— 1.9, Ni-18.1, C — 2.6, the
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pbalance being Co. No carbide grains were detected by means of optical microscopy and
SEM. There was an interlayer between the surface layer and the article core of nearly 7 um
In thickness comprising WC grains and the Co/Ni binder; the average Co content Iin the
Interlayer was equal to 9 wt.% and Ni content was equal 5 wt.%. The TRS value established
by use of unground rods of 8 mm in diameter and 25 mm in length was equal to 1790 MPa,
which Is higher compared to the articles of Example 3 by nearly 39%. The indentation
fracture toughness of the surface layer of the articles of this example was dramatically
Improved, as no Palmquist cracks were seen near the Vickers indentations obtained at a load
of both 30 kg and 100 kg. This can be clearly seen In Figure 4 compared to the long
Palmquist cracks on the surface of NKO/ according to Example 3. The wettability of the
surface by the Cu-based brazing solder (2168, Brazetech) at 1200°C for 2 min was perfect,
as 100% of surface of a plate of approx. 19 x 19 mm was covered by the solder, which can
be seen In FIg.3B. XRD examinations indicated that the surface layer comprised only the
face-centered cubic (fcc) Co modification. The crystal lattice parameter of the Co/Ni based
surface layer was found to be 3.543 A, which is higher compared to that the Co/Ni alloy by

0.011%. The surface was characterised by residual tensile stress of -1/3 MPa.

Certain terms and concepts as used herein are briefly explained below.

By “substantially continuous”, a surface layer, for example, a homogenous surface layer, of at

least 95% of the area of the surface of the article I1s intended.

The term "consisting essentially of" Is intended to cover the specified materials as well as
those that do not materially affect the basic characteristic(s) of the cemented carbide article

of the iInvention.
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CLAIMS

A cemented tungsten carbide article comprising a core of metal carbide grains and
a binder selected from cobalt (Co), nickel (Ni) and iron (Fe), and a surface layer
defining an outer surface for the article, the surface layer comprising 5 to 25 weight
percent of tungsten (W) and 0.1 to 5 weight percent carbon (C), the balance of the
surface layer comprising a metal or alloy selected from the binder metals and alloys;
in which the surface layer is substantially free of carbide grains as determined by
optical microscopy or scanning electron microscopy (SEM), has a thickness of at

least 1 micron and at most 50 microns and includes cobalt (Co), iron (Fe) or nickel
(Ni).

A cemented tungsten carbide article according to claim 1, in which the thickness of

the surface layer is at least 2 microns and at most 20 microns.

A cemented tungsten carbide article according to claim 1, wherein the surface layer

comprises 10 to 15 weight per cent tungsten (W) and 1 to 4 weight per cent carbon
(C).

A cemented tungsten carbide article according to claim 1, wherein the surface layer

comprises 0.1 to 10 weight per cent vanadium (V) or chromium (Cr).

A cemented tungsten carbide article according to claim 3, wherein the surface layer

comprises 0.1 to 10 weight per cent vanadium (V) or chromium (Cr).

A cemented tungsten carbide article according to claim 1, wherein the surface layer

comprises 0.1 to 5 weight per cent tantalum (Ta) or titanium (Ti).

A cemented tungsten carbide article according to claim 3, wherein the surface layer

comprises 0.1 to 5 weight per cent tantalum (Ta) or titanium (Ti).

A cemented tungsten carbide article according to claim 1, wherein the surface layer

comprises 0.5 to 15 weight per cent molybdenum (Mo).
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A cemented tungsten carbide article according to claim 3, wherein the surface layer

comprises 0.5 to 15 weight per cent molybdenum (Mo).

A cemented tungsten carbide article according to claim 1, wherein the surface layer
comprises 0.1 to 10 weight per cent zirconium (Zr), 0.1 to 10 weight per cent

niobium (Nb) and 0.1 to10 weight per cent hafnium (Hf).

A cemented tungsten carbide article according to claim 1, wherein the surface layer
consists essentially of 5 to 25 weight per cent tungsten (W) and 0.1 to 5 weight per
cent carbon (C), cobalt (Co), nickel (Ni) or iron (Fe) or their alloys and optionally a
grain growth inhibitor.

A cemented tungsten carbide article according to claim 3, wherein the surface layer
consists essentially of 5 to 25 weight per cent tungsten (W) and 0.1 to 5 weight per

cent carbon (C), cobalt (Co), nickel (Ni) or iron (Fe) or their alloys and optionaily a

grain growtn inhibitor.

A cemented tungsten carbide article according to claim 1, which comprises an
interlayer between the surface layer and the article core, the interlayer having a
thickness of 0.5 to 40 micron and consisting of carbide grains and a binder
comprising cobalt (Co), nickel (Ni) or iron (Fe); the binder content in the interlayer

being higher compared to that of the core by at least 5 per cent.

A cemented tungsten carbide article according to claim 13, wherein the binder

content in the interlayer gradually decreases from the surface layer to the core.

A cemented tungsten carbide article according to claim 3, which comprises an
interlayer between the surface layer and the article core, the interlayer having a
thickness of 0.5 to 40 micron and consisting of carbide grains and a binder
comprising cobalt (Co), nickel (Ni) or iron (Fe); the binder content in the interlayer

being higher compared to that of the core by at least 5 per cent.

A cemented tungsten carbide article according to claim 1, wherein the surface layer

IS under residual tensile strength of -10 to -500 megapascals (MPa).
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17. A method of producing a cemented tungsten carbide, including the steps of:
forming a mixture of metal carbide grains and a binder selected from cobalt, iron
and nickel,
pressing the mixture into the form of an article,
sintering the article at a sintering temperature of 1,400 to 1,500 degrees Celsius in a
vacuum or inert gas under pressure,
cooling the sintered article to a temperature at which the binder is substantially
solid, the cooling taking place in an inert gas, nitrogen, hydrogen or a
mixture thereof in at least three cooling stages, in which:
the average cooling rate is 0.01 to 4 degrees Celsius per minute;
the first stage cooling is from the sintering temperature to 1,380 degrees
Celsius, the cooling rate of the first stage being higher than that of the
second stage and higher than that of the third cooling stage by a
factor of at least five;
the second cooling stage is from 1,380 degrees Celsius to 1,340 degrees
Celsius, the cooling rate of the second stage being higher than that
the second stage by a factor of two; and
and the third cooling stage is from 1,340 degrees Celsius to 1,280 degrees
Celsius and the cooling rate in the third cooling stage is from 0.01 to

1 degree Celsius per minute.

18. A method according to claim 17, wherein cooling from 1,280 degrees Celsius 1o

1,250 degrees Celsius takes place at a cooling rate which is the same as the

third cooling stage.
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