
EP 0 399 679 B1 Description This invention relates to cemented tungsten
carbide rock bit inserts having diamond particles formed in situ in the
metal binder for tungsten carbide particles. In particular, it relates to
techniques for making 5  cemented tungsten carbide inserts for rock bits
with diamond particles dispersed in the matrix. Oil wells and the like are
commonly drilled with rock bits having rotary cones with cemented tungsten
carbide inserts. As such a bit is rotated on the bottom of a drill string
in a well, the cones rotate and the carbide inserts bear against the rock
formation, crushing and chipping the rock for extending the depth of the
hole. Typical inserts have a cylindrical body which is pressed into a hole
in such a cone and a io  somewhat blunt converging end that protrudes from
the face of the cone. The converging end of the insert may be generally
conical, roughly hemispherical, or have a somewhat chisel-like shape.
Another type of bit for drilling rock employs a steel body in which similar
tungsten carbide inserts are embedded. The bit is hammered against the
bottom of the hole for shattering rock and gradually rotated as it drills.
Inserts provided in practice of this invention may be used in either type
of rock bit, or in other related devices such 15  as underreamers. Since
the tungsten carbide inserts are the parts of the rock bit that engage and
drill the rock, it is important to minimize wear and breakage of such
inserts. Tungsten carbide inserts for rock bits are made by sintering a
mixture of tungsten carbide (WC) powder and cobalt to form a dense body
with very little porosity. Two important properties of such inserts are
wear resistance and toughness. It is desirable to 20  enhance the hardness
of an insert adjacent to its surface where it engages the rock formation
and maintain toughness for minimizing breakage of the insert as it is used.
In rock bits designed for a particular type of service, one needs to have
an appropriate balance between hardness and toughness. Hard inserts resist
wear during drilling. On the other hand, a hard insert may be susceptible
to fracture under the impact loads and other abuses necessarily involved in
drilling wells. 25  Enhanced toughness is also advantageous, since the part
of the insert extending beyond the face of the cone does not need to be as
blunt to resist fracture. This means that a longer, more aggressive cutting
structure can be employed on a rock bit where fracture toughness is
adequate. Thus, soft formation bits may have longer insert protrusion than
bits intended for use on harder rock formations. In essentially all bits,
it is desirable to have high hardness and wear resistance and relatively
large 30  insert protrusion. Achievement of these desiderata may, however,
be limited by a lack of fracture toughness in the main body of the insert.
It is desirable to have a hard surface and a tough body. Of course,
hardness and toughness throughout the insert is also desirable Composite
rock bit inserts have been made comprising a layer of polycrystalline
diamond on the protruding, converging end of a cemented tungsten carbide
insert. This provides a high hardness at the 35  surface and a tough body
within the insert. There are appreciable differences in the mechanical and
thermal expansion properties of such a polycrystalline diamond layer and
the underlying cemented tungsten carbide. A transition layer, comprising a
mixture of carbide and diamond crystals, has, therefore, been provided
between the polycrystalline diamond layer and the principal body of the
carbide insert. Such an insert is shown, for example, in U. S. Patent No.
4,694,918. 40     Such an insert may be made by forming a layer of diamond
crystals mixed with a small amount of cobalt. Over this there is formed a
layer containing a mixture of diamond crystals and precemented tungsten
carbide particles. One or more, additional layers containing a different
proportion of carbide and diamond may be added. A cemented tungsten carbide
blank is then placed on the final layer having a mixture of carbide and
diamond. This entire assembly is then placed in a very high pressure press
and 45  subjected to sufficiently high pressure and elevated temperature to
be in a region where diamond is thermodynamically stable. Exemplary minimum
temperature is about [err]  and an exemplary minimum pressure is about 40
to 45 kilobars. The assembly is heated and cooled under elevated pressure.
This results in formation of a layer of polycrystalline diamond tightly
adherent to the cemented tungsten carbide, with one or more transition 50
layers between the polycrystalline diamond and the cemented tungsten
carbide body. Such transition layers are a mixture of diamond crystals and
precemented tungsten carbide. The polycrystalline diamond layer has high
hardness. The cemented tungsten carbide main body of the insert has good
toughness. The transition layer or layers help accommodate the differences
in thermal expansion and mechanical properties between the polycrystalline
diamond and the cemented tungsten carbide. 55    It is desirable to provide
other techniques for forming a transition layer for a rock bit insert
having a 



polycrystalline diamond surface. It is also desirable to provide a rock bit
insert having diamond particles distributed in a matrix of tungsten carbide
and cobalt It is also desirable to enhance the wear resistance of a
cemented tungsten carbide rock bit insert without significantly degrading
toughness. 2    EP 0399679 B1 Accordingly, the invention provides a method
for forming a cemented tungsten carbide rock bit insert with embedded
diamond particles comprising the steps of: introducing excess non-diamond
carbon beyond the stoichiometric proportion in tungsten carbide into a
cemented tungsten carbide insert, the amount of excess carbon being in the
range of from two to fifteen 5 percent by volume; pressing the insert at a
temperature and pressure where diamond is thermodynamically stable; and
cooling the insert out of the thermodynamically stable region while
maintaining the pressure sufficiently high to prevent decomposition of
diamond. The invention also provides a cemented metal carbide insert when
made by the method of claim 1 as 10 given in claim 8. If a uniform
distribution of diamond particles is desired throughout the article, excess
carbonaceous material such as wax or graphite may be mixed with the carbide
and cobalt before pressing. If it is desired to have a higher proportion of
diamond particles near the surface and a smaller proportion of diamond in
the core of such an article, the article may be carburized and then
subjected to elevated temperature and 15 pressure to form diamonds in situ
within the matrix for the carbide particles. These and other features and
advantages of the present invention will be appreciated as the same becomes
better understood by reference to the following detailed description and
when considered in connection with the accompanying drawings, wherein: FIG.
1 illustrates a typical, conventional rock bit in which inserts made in
practice of this invention are 20    employed; FIG. 2 illustrates an
exemplary insert in longitudinal cross section; and FIG. 3 illustrates, in
longitudinal cross section another example of a rock bit insert made in
practice of this invention. Oil and gas wells and the like are commonly
drilled with so called three cone rock bits. Such a rock bit 25 has a steel
body 20 with threads 14 at its upper end and three depending legs 22 at its
lower end. Three steel cutter cones 16 are rotatably mounted on the three
legs at the lower end of the bit body. A plurality of cemented tungsten
carbide inserts 18 are press-fitted into holes in the surfaces of the
cones. Lubricant is provided to the journals on which the cones are mounted
from each of three grease reservoirs 24 in the body. 30     When the rock
bit is used, it is threaded onto the lower end of a drill string and
lowered into a well. The bit is rotated with the carbide inserts in the
cones engaging the bottom of the hole. As the bit rotates, the cones rotate
on the body, and essentially roll around the bottom of the hole. The weight
on the bit is applied to the rock formation by the carbide inserts and the
rock is thereby crushed and chipped by the inserts. A drilling mud is
pumped down the drill string to the bottom of the hole and ejected from the
bit 35 body through nozzles 26. The mud then travels up the annulus between
the drill string and the hole wall. The drilling mud provides cooling and
removes chips from the bore hole. Improved inserts provided in practice of
this invention may be made by conventional techniques in the first part of
the processing. Thus, a mixture of tungsten carbide powder and cobalt
powder is milled with a temporary wax binder. The mixture is pressed to
form a "green" compact having the same shape as the 40  completed insert.
This shape is in the form of a cylinder 28 with a converging end portion 30
at one end of the cylinder. The converging portion may have any of a number
of conventional configurations, including a chisel-like end, a
hemispherical end, or a rounded conical end. The green compacts are loaded
into a high temperature vacuum furnace and gradually heated until the
temporary binder wax has been vaporized. The temperature is then elevated
to about the melting 45 temperature of the cobalt, whereupon the compact is
sintered to form an insert of high density, that is, without substantial
porosity. The inserts are then relatively slowly cooled in the vacuum
furnace. After tumbling, inspection and grinding of the cylindrical body,
such inserts have been used for many years in 



rock bits. Such a pressed and sintered insert may be used in practice of
this invention. In such an embodiment, 50 the sintered insert is carburized
in a conventional manner. Either pack, gas, or liquid carburizing may be
used. Carburizing involves holding the insert at elevated temperature in an
environment with a high carbon pressure so that carbon is introduced
through the surface of the insert. Such carbon diffuses into the insert
through the cobalt phase serving as a matrix for the tungsten carbide
particles. The carbon concentration in the carburized insert, the depth of
the carburized material, and the profile of carbon concentration as a 55
function of depth are functions of the time and temperature of carburizing,
the composition of the carburizing environment, and the cobalt content of
the cemented carbide. Carburizing sintered tungsten carbid is generally
accomplished by packing inserts in a bed of graphite powder and heating in
a hydrogen/inert gas mixture or in vacuum. The carburizing introduces
excess 3    EP 0 399 679 B1 carbon into the cemented tungsten carbide
insert in excess of the stoichiometric proportion of tungsten carbide.
Other techniques for carburizing are thoroughly described in Metals
Handbook, 8th Ed., Vol. 2, American Society for Metals, 1964. It may be
desirable to carburize only the converging end portion of the insert. This
may be preferable 5 since, as described hereinafter, the excess carbon is
converted to diamond crystals dispersed in the cemented tungsten carbide.
Typically, the cylindrical surface of the principal portion of the insert
is ground to its final desired dimension as the last step of the process.
Although diamond grinding is used, it is preferable to avoid a large
proportion of diamond in the cylindrical portion to make grinding easier.
To minimize carburization in this region, a conventional "stop off" may be
painted on the surface or the surface 10 may be plated with a
carbon-resistant material such as copper, as is conventional and well known
in the carburizing art. After carburizing, the cemented tungsten carbide
insert is placed in the working volume of a super- pressure press of the
type used for synthesizing diamond crystals. A tetrahedral press, cubic
press, or belt press is suitable. A technique for pressing the insert is
described in U.S. Patent No. 4,694,918. 15     The insert, with or without
a protective metal can, is surrounded by pyrophyllite or salt so that it is
subjected to isostatic pressure. Sufficient pressure is then applied that
diamond is thermodynamically stable at the temperatures involved in the
process. In an exemplary embodiment, a pressure of 60 kilobars is used. A
minimum pressure of about 40 to 45 kilobars should be used. As soon as the
assembly containing the insert is at high pressure, current is passed
through a graphite heater tube within the press to raise the 20 temperature
to at least 1200 C, and preferably, to about [err] . Such pressure and
temperature are held for 60 seconds so that diamond particles form from the
excess carbon in the cobalt phase. The current is then turned off, and the
parts rapidly cool by heat transfer to the water cooled anvils of the
press. When the temperature is below about [err] , and preferably below
[err] , the pressure can be released so that the material in the working
volume can be ejected from the press. The insert may then be 25 finished
for use by diamond grinding the cylindrical body. As a result of this
treatment, a dispersion of particles forms in the cobalt matrix, which
X-ray diffraction confirms includes diamond. It is certain that very hard
particles are present in the matrix and metallographic specimens are harder
to polish than ordinary cemented tungsten carbide. Further, graphite
inclusions, which commonly occur in cemented tungsten carbide specimens
with excess carbon, are no longer present. It 30 appears that there is
complete conversion of excess carbon to diamond, except for some residual
carbon that may remain in solution in the cobalt matrix. An insert which
has been carburized and treated at high pressure and temperature to form
dispersed diamond crystals from the excess carbon may be used in a rock bit
where the converging portion of the insert protrudes from the cone and
engages the rock formation being drilled. Enhanced wear resistance due 35
to diamonds in the cobalt matrix is useful. Alternatively, such an insert
may be the substrate on which a layer of polycrystalline diamond is formed.
The carburized and transformed layer then forms a transition between a
layer of polycrystalline diamond 32 and the principal body 34 of the
insert. In such an embodiment, diamond crystals and about 6 per cent by
volume of cobalt powder are ball milled together. The blended diamond
powder and cobalt may 



40  then be placed in a zirconium cup or the like having an internal shape
corresponding to the shape of the desired insert. The powder is spread into
a thin layer by rotation and pressing with an object having the same shape
as the insert when it is axisymmetric. The insert itself can be used for
spreading the powder. The insert is put in place over the layer of powder
and the end of the cup may then be closed with a zirconium disk. 45
Altematively, a mixture of diamond powder and cobalt may be blended with a
wax and formed into a thin cap for the insert. This assembly is then placed
in a super-pressure press and processed in the same manner as hereinabove
described. The high pressure and high temperature cause the layer of
diamond powder to be formed into a layer of polycrystalline diamond tightly
adherent to the cemented tungsten carbide of the insert. The formation of
the polycrystalline diamond layer and creation of diamond particles 50
dispersed in the cobalt matrix can be accomplished simultaneously in a
single high pressure, high temperature cycle by placing the carburized
insert in the press. Alternatively, the diamond particles may be formed in
the matrix first, although no advantage to two cycles through the press has
been noted. In still another embodiment, it may be desirable to have
diamond particles dispersed throughout the body of cemented tungsten
carbide. In that case, the insert may be fabricated from a mixture of
powders of 55 graphite, tungsten carbide and cobalt. These powders are
mixed, pressed and sintered as hereinabove described. Alternatively,
tungsten carbide and cobalt particles may be mixed with a carbonaceous wax
or the like which decomposes to leave a carbonaceous residue, rather than
vaporizing during the sintering process. In 4    EP 0 399 679 B1 still
another alternative, the original compact may be sintered in a carbonaceous
environment, in which case an excess of carbon is obtained more or less
throughout the insert. In any of these arrangements, excess carbon beyond
the stoichiometric proportion of tungsten carbide is present in the
sintered product. The amount of excess carbon is in the range of from two
to fifteen percent by volume of the composite 5 cemented tungsten carbide.
Lower carbon proportions are suitable where the proportion of cobalt binder
is low, however, less than about two percent by volume should show such a
small benefit that the added cost of processing is not justified.
Concomitantly, higher proportions of carbon are used when the cobalt
content is higher. Generally speaking, it is desirable to employ a high
cobalt content for enhanced toughness and resistance to 10 breakage. The
conversion of carbon to diamond in a higher cobalt composite enhances the
wear resistance to offset the usual decrease in wear resistance of higher
cobalt grades of cemented carbide. More than about fifteen percent by
volume of graphite is undesirable since decreases in toughness may be
observed. When such a cemented tungsten carbide article with excess carbon
is then processed in a super- pressure press at temperatures and pressures
where diamond is thermodynamically stable, excess carbon 15 in the article
is converted to diamond particles dispersed through the cobalt phase. In
addition to the hardening due to presence of very high hardness diamond
particles, it appears that such a dispersion of diamond particles has a
dispersion hardening effect on the cobalt, resulting in a harder and
stronger insert. The enhanced hardness of the cobalt phase by dispersion
hardening enhances wear resistance of the inserts. It is believed that wear
of cemented tungsten carbide occurs, at least in part, by 20 reason of
extrusion of cobalt from between carbide grains, thereby exposing cobalt at
the surface where it is subject to wear. Absence of ductile cobalt between
carbide grains may then contribute to wear resistance of the tungsten
carbide. In addition, the temperature to which the insert is heated in the
super-pressure press is sufficient to transform hexagonal close packed
cobalt to a face centered cubic crystal structure which is stable at the 25
elevated temperature and pressure. Rapid cooling in the press from the
higher temperature through the phase transformation temperature retains
primarily metastable face centered cubic crystal structure in the cobalt
matrix. This is desirable since the face centered cubic structure is
substantially more ductile than the hexagonal close packed crystal
structure, thereby imparting enhanced toughness to the rock bit insert.
Such 30 enhanced toughness is desirable for minimizing susceptibility to
breakage of the insert as it is used in a rock bit. 



Example: 35     Cemented tungsten carbide specimens were made with tungsten
carbide particles having an average particle size in the order of 2.5
micrometers. Tungsten carbide powder was mixed with 11 per cent by weight
cobalt powder. Three types of specimens were made from such a mixture. The
first type was sintered from such a mixture. The second type had an excess
of ten per cent by volume of added carbon. The third type was the same as
the second, but was then processed at high temperature and pressure for 40
converting carbon to diamond. The inserts were pressed at 60 kilobars at
[err]  for about 60 seconds in salt, without a sheath. The following table
compares the properties of these three types of specimens. Sample
Hardness Ra   Density g/cc   Coercivity Oe   Mag Sat %    Wear Scar Depth,
mm 45       1          88.4          14.41           90            92
0.69 2          85.6         12.97           104           92
1.38 3         88.9          13.56           84            85
0.53 The hardness and density decreases between samples 1 and 2 are due to
the presence of graphite inclusions in the cemented tungsten carbide. The
increased coercivity is probably due to stabilization of the hexagonal
close packed crystal structure as a result of increased carbon content and
decreased solubility of tungsten in the cobalt phase. The substantially
poorer wear resistance is to be expected. Sample 3 after processing at high
temperature and pressure has a hardness and wear resistance greater than
that of Sample 1, which is the cemented tungsten carbide without excess
carbon. This increase 55 in hardness and wear resistance is consistent with
dispersion hardening of the cobalt phase by dispersed diamond particles.
The intermediate density of Sample 3 between the densities of Samples 1 and
2, is also consistent with formation of diamond crystals, which are more
dense than the graphite. It could be noted, however, that the very high
pressures and temperatures could also reduce some inherent porosity in the
5    EP 0 399 679 B1 cemented tungsten carbide following the original
processing. The substantial decreases in coercivity and magnetic saturation
are indicative of stabilization of the face centered cubic crystal
structure in Sample 3 after high pressure and high temperature processing.
Significantly, Sample 3 which was processed at high temperature and
pressure, shows wear resistance 5  better than that of the original
cemented tungsten carbide. It should be noted that in the tests set out in
the table, the contact area during the wear test of Sample 1 was greater
than the contact area of Sample 3. This means that there was less force per
unit area applied to the specimen. Even so, the untreated cemented tungsten
carbide showed more wear than specimens treated at high temperature and
pressure for forming a dispersion of diamond crystals. There is an increase
in abrasion resistance of at least 25%, 10 which makes the material
particularly suitable for rock bit inserts and for cutting tools for
machining metals and abrasive composites. Metallographic examination showed
that the assintered inserts of Sample 2 had voids where graphite inclusions
were pulled out during polishing. Sample 3, which was processed at high
temperature and pressure, has hard diamond particles embedded in the
matrix, some as large as ten micrometers. 15     Iron group metals other
than cobalt may also be employed. The iron group metals, such as iron and
nickel, are suitable for cementing tungsten carbide particles and may also
act as catalyst for synthesis of diamond crystals. Claims 20 1. A method
for forming a cemented tungsten carbide rock bit insert with embedded
diamond particles comprising the steps of: introducing excess non-diamond
carbon beyond the stoichiometric proportion in tungsten carbide into a
cemented tungsten carbide insert, the amount of excess carbon being in the
range of from two to 25     fifteen percent by volume; pressing the insert
at a temperature and pressure where diamond is thermodynamically stable;
and cooling the insert out of the thermodynamically stable region while
maintaining the pressure sufficiently high to prevent decomposition of
diamond. 30 2. A method as recited in Claim 1 wherein the introducing step
comprises: 



mixing tungsten carbide particles, cobalt and non-diamond carbonaceous
material; and sintering the mixture into the shape of the insert before
pressing. 3. A method as recited in Claim 2 wherein the carbonaceous
material comprises a wax. 35 4. A method as recited in Claim 2 wherein the
carbonaceous material comprises graphite. 5. A method as recited in Claim 1
wherein the introducing step comprises: forming a cemented carbide insert;
and 40         carburizing the insert before the pressing step. 6. A method
as recited in Claim 5 wherein the carburizing step comprises carburizing
the insert during the forming step. 45  7. A method as recited in any
preceding claim further comprising placing a layer containing diamond
crystals adjacent to a surface of the insert before the pressing step so
that an adherent layer of polycrystalline diamond is formed on the surface
of the insert upon pressing and cooling. 8. A cemented metal carbide rock
bit insert when made by the method of Claim 1 and comprising: 50
particles of cemented tungsten carbide; a matrix of iron group metal
bonding the tungsten carbide particles together; and diamond particles
formed in situ from non-diamond carbonaceous material in the matrix between
tungsten carbide particles; wherein the concentration of diamond particles
in the matrix is greater near the surface of the insert 55     than in the
interior of the insert. 6    EP 0 399 679 B1 cemented tungsten carbide
following the original processing. The substantial decreases in coercivity
and magnetic saturation are indicative of stabilization of the face
centered cubic crystal structure in Sample 3 after high pressure and high
temperature processing. Significantly, Sample 3 which was processed at high
temperature and pressure, shows wear resistance 5 better than that of the
original cemented tungsten carbide. It should be noted that in the tests
set out in the table, the contact area during the wear test of Sample 1 was
greater than the contact area of Sample 3. This means that there was less
force per unit area applied to the specimen. Even so, the untreated
cemented tungsten carbide showed more wear than specimens treated at high
temperature and pressure for forming a dispersion of diamond crystals.
There is an increase in abrasion resistance of at least 25%, 10 which makes
the material particularly suitable for rock bit inserts and for cutting
tools for machining metals and abrasive composites. Metallographic
examination showed that the assintered inserts of Sample 2 had voids where
graphite inclusions were pulled out during polishing. Sample 3, which was
processed at high temperature and pressure, has hard diamond particles
embedded in the matrix, some as large as ten micrometers. 15    Iron group
metals other than cobalt may also be employed. The iron group metals, such
as iron and nickel, are suitable for cementing tungsten carbide particles
and may also act as catalyst for synthesis of diamond crystals. Claims 20
1. A method for forming a cemented tungsten carbide rock bit insert with
embedded diamond particles comprising the steps of: introducing excess
non-diamond carbon beyond the stoichiometric proportion in tungsten carbide
into a cemented tungsten carbide insert, the amount of excess carbon being
in the range of from two to 25     fifteen percent by volume; pressing the
insert at a temperature and pressure where diamond is thermodynamically
stable; and cooling the insert out of the thermodynamically stable region
while maintaining the pressure sufficiently high to prevent decomposition
of diamond. 30 2. A method as recited in Claim 1 wherein the introducing
step comprises: mixing tungsten carbide particles, cobalt and non-diamond
carbonaceous material; and sintering the mixture into the shape of the
insert before pressing. 



3. A method as recited in Claim 2 wherein the carbonaceous material
comprises a wax. 35 4. A method as recited in Claim 2 wherein the
carbonaceous material comprises graphite. 5. A method as recited in Claim 1
wherein the introducing step comprises: forming a cemented carbide insert;
and 40           carburizing the insert before the pressing step. 6. A
method as recited in Claim 5 wherein the carburizing step comprises
carburizing the insert during the forming step. 45 7. A method as recited
in any preceding claim further comprising placing a layer containing
diamond crystals adjacent to a surface of the insert before the pressing
step so that an adherent layer of polycrystalline diamond is formed on the
surface of the insert upon pressing and cooling. &  A cemented metal
carbide rock bit insert when made by the method of Claim 1 and comprising:
50         particles of cemented tungsten carbide; a matrix of iron group
metal bonding the tungsten carbide particles together; and diamond
particles formed in situ from non-diamond carbonaceous material in the
matrix between tungsten carbide particles; wherein the concentration of
diamond particles in the matrix is greater near the surface of the insert
55     than in the interior of the insert. 6    EP 0 399 679 B1
PatentansprUche 1. Verfahren zum Herstellen eines Einsatzes aus
zementiertem Wolframcarbid mit eingebetteten Diament- teilchen fuer
Bohrmeissel fuer Gestein, wobei das Verfahren die folgenden Schritte
umfasst: 5        - Einfuehrung einer ueberschuessigen Menge eines
diamantenfreien Kohlenstoffes die groesser ist als die stoechiometrische
Proportion im Wolframcarbid in einen Einsatz aus zementiertem
Wolframcarbid, wobei der Ueberschuss im Bereich von 2 bis 15 Volumenprozent
liegt; - Pressen des Einsatzes bei einer Temperatur und Druck bei welchen
Diamanten thermodynamisch stabil sind; und 10        - Kuehlen des
Einsatzes aus dem thermodynamisch stabilen Gebiet, wobei der Druck gross
genug ist um die Verwandlung von Diamanten zu verhindem. 2. Verfahren nach
Anspruch 1, in welchem der Einfuehrungsschritt die folgenden Prozesse
umfasst: - Mischen von Wolframcarbidteilchen, Kobalt und eines
diamantenfreien Materials; und 15       - Sintem der Mischung vor dem
Pressen in die Form des Einsatzes. 3. Verfahren nach Anspruch 2, in welchem
das kohlenstoffhaltige Material Wachs enthaelt. 4. Verfahren nach Anspruch
2, in welchem das kohlenstoffhaltige Material Graphit enthaelt. 20 6.
Verfahren nach Anspruch 1, in welchem der Einfuehrungsschritt die folgenden
Prozesse umfasst: - Formen eines Einsatzes aus zementiertem Carbid; und -
Aufkohlung des Einsatzes vor dem Pressschritt. 25  6. Verfahren nach
Anspruch 5, in welchem der Aufkohlungsschritt die Aufkohlung des Einsatzes
waehrend des Formschrittes umfasst. 7. Verfahren nach einem der
vorhergehenden Ansprueche welches das Placieren einer Diamantkristallen
enthaltenden Schicht vor dem Pressschritt neben der Oberflaeche des
Einsatzes umfasst, so dass auf 30     der Oberflaeche des Einsatzes nach
dem Pressen und Kuehlen eine haftende Schicht von polykristalli- nen
Diamanten gebildet wird. a. Einsatz aus zementiertem Metallcarbid fuer
Bohrmeissel fuer Gestein welcher nach dem Verfahren von Anspruch 1
hergestellt ist, wobei der Einsatz das Folgende enthaelt: 35        -
Teilchen zementiertes Wolframcarbid; - Matrix aus einem Metall der
Eisengruppe die die Wolframcarbidteilchen zusammenbindet; und -
Diamantteilchen die an Ort und Stelle aus diamantenfreiem
kohlenstoffhaltigem Material in der Matrix zwischen Wolframcarbidteilchen
geformt werden; wobel die Konzentration der Diamantteil- chen in der Matrix
in der Naehe der Einsatzoberflaeche groesser ist als im Einsatzinnem. 



40, Revendlcatlons 1. M6thode pour former une pibce a encastrer pour
trdpan, en carbure de tungstbne fritt6 avec des particules de diamant noyes
dedans, comprenant les dtapes suivantes: 45        introduction d'exc6dent
de carbone autre que diamant au dell de la proportion stoTchometrique du
carbure de tungstbne dans une pibce a encastrer en carbure de tungsthne
frittM, la quantit4 d'excedent de carbone se situant dans une gamme de deux
a quinze pour cent par volume; pressage de la piace a encastrer a une
temperature et a une pression auxquelles le diamant est thermodynamiquement
stable; et 50        refroidissement de la pibce a encastrer hors de la
r~gion thermodynamiquement stable en maintenant une pression suffisamment
6levde pour empfcher une decomposition du diamant. 2. Methode comme decrite
dans la revendication 1, dans laquelle l'Ntape initiale comprend: m6lange
des particules de carbure de tungstbne, de cobalt et de matibres carbon6es
autre que le 5S     diamant; et frittage du m~lange pour lui donner la
forme de la piece & encastrer avant pressage. 3. M6thode comme d6crite dans
la revendication 2 dans laquelle la matibre carbonee contient une cire. 7
EP O 399 679 Bi                      I I!III   Iliji lli IlII * C   L   M
S 4. M6thode comme ddcrite dans la revendication 2, dans laquelle la
matibre carbonde contient du graphite. 5. Methode comme d~crite dans la
revendication 1 dans laquelle les etapes initiales comprennent: 5
le formage d'une pibce A encastrer en carbure frittM; et la carburisation
de la pibce a encastrer avant 1'6tape de pressage. 6. Methode comme decrite
dans la revendication 5, par laquelle l'dtape de la carburisation comprend
la carburisation de la place a encastrer pendant l'6tape de formage. 10 7.
M6thode comme ddcrite dans l'une quelconque des revendications prdcddentes
comprenant le fait de placer une couche contenant des cristaux de diamant
d'une fagon adjacente h la surface de la pibce a encastrer avant I'etape de
pressage de fagon & ce qu'une couche adh~rente de diamant polycristallin se
forme & la surface de la pibce a encastrer au moment du pressage et du
refroidissement. 15 8. Plbce a encastrer en metal de carbure fritte pour
tr6pan, fabriqu6e selon la m~thode de la revendica- tion 1 et comprenant:
des particules de carbure de tungstene frittM une matrice d'un metal du
groupe ferreux liant les particules de carbure de tungstene entr'elles; et
20         des particules de diamant formdes sur place a partir de matibre
carbonde autre que le diamant dans la matrice entre les particules de
carbure de tungstbne; dans laquelle la concentration de particules de
diamant dans la matrice est plus grande pras de la surface de la place a
encastrer qu'a l'interieur de la pibce a encastrer. 25 30 35 40 45 50 55 8


