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Another type of tungsten carbide is so-called macro-crystalline tungsten
carbide. This material is The present invention relates to rods of wear-
essentially stoichiometric WC in the form of single resistant hard facing
for application to wear or   crystals. Most of the macrocrystalline
tungsten car- cutting surfaces such as teeth on bits for drilling oil   5
bide is in the form of single crystals. When larger wells or the like. A
new rod is described.          particle sizes are examined, it is found
that some Bits for drilling oil wells and other products  bicrystals of WC
are formed. Macrocrystalline WC often have a steel body which is dressed or
coated  is desirable for its toughness and stability. with a layer of hard
facing material to resist wear or  The third type of tungsten carbide used
in hard provide a cutting surface which abrades rock. Con-  10  facing
comprises cemented  tungsten  carbide, ventional hard facing usually
comprises particles of  sometimes referred to as sintered tungsten car-
tungsten carbide bonded to the steel by a metal    bide. Cemented tungsten
carbide comprises small alloy. In effect, the carbide particles are
suspended  particles of tungsten carbide (e.g., 1 to 15 micr- in a matrix
of metal forming a layer on the surface.  meters) bonded together with
cobalt. Cemented Most hard facing on rock bits employs steel as the   15
tungsten carbide is made by mixing tungsten car- matrix, although other
"brazing" alloys may also be  bide and cobalt powders, pressing the mixed
pow- used.                                              ders to form a
green compact, and "sintering" the It Is quite common in referring to the
material  composite at temperatures near the melting point the hard facing
merely as "carbide" without      of cobalt. The matrix melts and wets the
surfaces characterizing it as tungsten carbide, the metal  20  of the
tungsten carbide particles to form a compos- carbide principally used in
hard facing. Small     ite with little if any void space. The resulting
dense amounts of tantalum carbide and titanium carbide   cemented carbide
can then be comminuted to form (TIC/TAC) may be present along with the
tungsten   particles of cemented tungsten carbide for use in carbide. It
will be understood that as used herein,  hard facing. reference merely to
"carbide' means tungsten car-  25  Although widely used, tube-rods have
certain bide, with or without small amounts of TIC/TAC.    short-comings.
The tube-rod is made by forming a A typical technique for applying hard
facing to  tube around a powder mixture and periodically the steel surface
is by oxyacetylene or atomic     cutting the tube and crimping its ends to
retain the hydrogen welding. A welding rod or stick is formed  powder
mixture in place. Thermoset binder resin of a tube of mild steel sheet
enclosing a filler which   30   may also be employed for retaining the
granular is primarily carbide particles. The filler may also  mixture. This
is not always satisfactory and some include deoxidizer for the steel, flux
and a resin  of the hard facing product may sift out of the ends binder.
When using such a tube-rod, the deoxidizer  of the tube. Further, when
welding, the crimped alloys with the mild steel of the tube to form an  end
of the tube is melted and some of the granular alloy steel matrix. It has
been desirable to use TIG   35   mixture may come out unevenly. welding for
applying hard facing, but that has not     For such reasons, and since the
tube-rod is been feasible with existing materials.             inherently
nonhomogeneous, there is often a non- Welding rods are also made by melting
the       uniform distribution of carbide particles in the ma- bnder metal
in a graphite mold along with the      trix melted onto the surface. Such
nonuniformity carbide particles to make a "cast' product. Alloy   40  can
result in erratic wear resistance. Further, the steel or brazing alloy
binders may be used.        steel of the tube may not mix uniformly with
the The hard facing is applied by melting an end of  alloying ingredients
in the powder within the tube, the rod on the surface to be hard faced. The
steel  and the composition of the matrix may be non- tube or cast matrix
melts to weld or braze to the  uniform. The range of alloys available for
the matrix steel substrate and provide the matrix for the car-  45  is
limited by the availability of sheet alloys for bide particles.
forming the tubes. Generally speaking, it is neces- Three types of tungsten
carbide have been       sary to employ mild steel sheet for the tubing and
employed for hard facing. Possibly the most com-   try to obtain alloying
by powders included with the mon is crushed cast carbide. Tungsten forms
two    carbide inside the tube. carbides, WC and W2C and there can be an
essen-   so   Welding rods for hard facing which are made tially continuous
range of compositions there-     by casting the binder with the carbide
particles between. Cast carbide is typically a eutectic mix-  have a
different range of problems. The high tem- ture of the WC and W2C
compounds, and as such      peratures of casting result in dissolution of
some of is substoichiometric, that is, it has less carbon than  the carbide
in the matrix. This changes the com- the more desirable WC form of tungsten
carbide.  55  position of the matrix and erodes the carbide par- Cast
carbide is frozen from the molten state and   ticles. The high carbon
content of the matrix may comminuted to the desired particle size.
be particularly troublesome since it embrittles the matrix. 2    



3                 EP 0 349172 B1                      4 It has recently
been found that it is desirable to  and a balance of alloy steel bonding
the tungsten enhance the quantity of carbide relative to the    carbide
particles together and to the steel body, binder or matrix for enhanced
wear resistance in   the tungsten carbide particles being uniformly dis-
some applications. There are limits to the amount  tributed in the matrix
of alloy steel. of carbide that can be applied by way of a tube   5
Surprisingly, it is also found that the new rod since there are certain
minimum thicknesses of     can be used for application of hard facing by
TIG sheet that can be used for making the tube and still  (tungsten inert
gas) welding whereas the former maintain integrity of the tube.
tube-rod could not without undue solution of car- It is, therefore,
desirable to provide a welding  bide particles. TIG welding is desirable
since better rod for hard facing which can have any desired   10  quality
welding is possible, and the technique can alloy composition of the matrix
for the carbide    be more easily automated. particles and which can
deposit the carbide par-       Rods for applying hard facing surfaces and
ticles uniformly throughout the matrix. It is desir-  rock bits having hard
faced wear surfaces both able that the welding rod be manufactured without
embodying the invention will now be described, by the costly rolls and
rolling equipment required for  15   way of example, with reference to the
accompany- making tube-rod. It is desirable to provide a hard  ing
diagrammatic drawings, in which: facing having higher carbide content and
lower        Fig. 1 is a perspective view of a milled tooth matrix content
than readily available with tube-rod.  rock bit hard faced with a welding
rod con- US Patent Specification No 3 109 917 dis-         structed
according to principles of this invention; closes rods for applying a hard
face to a surface.    20  Fig. 2 is a fragmentary cross section of an The
rods consist of particles of tungsten car-    exemplary tooth on such a
rock bit; bide bonded together by a metal matrix and then       Fig. 3 is
an isometric view of an extruded hard sintered at a temperature in the
range of from       facing rod; [err] -
Fig. 4 is a photograph of the surface of a weld While the hard facing of a
surface produced by   25  bead of hard facing applied by oxyacetylene such
a rod is good there is still room for consider-  flame; able improvement.
Fig. 5 is a photograph of the surface of a weld According to a first aspect
of the present in-     bead of hard facing applied by tungsten inert
vention there is provided a rod for applying hard-    gas welding; facing
to a surface, said rod comprising particles of  30  Fig. 6 is a
photomicrograph of a hard facing tungsten carbide and particles of a metal
matrix      applied from a prior art tube-rod by oxyacet- sintered together
to bind the particles into a rigid  ylene welding; rod, characterised in
that the tungsten carbide par-  Fig. 7 is a photomicrograph of a hard
facing ticles comprise a mixture of cemented tungsten         applied from
a prior art tube-rod by TIG welding; carbide particles and single crystal
monotungsten   35  Fig. 8 is a photomicrograph of a hard facing carbide
particles wherein the particle size of the    applied from a prior art
tube-rod by oxyacet- cemented tungsten carbide particles is from two to
ylene welding; five times larger than the particle size of the single  Fig.
9 is a photomicrograph of a hard facing crystal monotungsten carbide
particles and wherein    applied from a prior art tube-rod by TIG welding;
the particles of the metal matrix consist either of  40  Fig. 10 is a
photomicrograph of a hard facing steel alloy particles or of plain carbon
steel par-   applied from an extruded rod by oxyacetylene tides and a
mixture of different metal particles for  welding; and forming steel alloy
upon melting.                     Fig. 11 is a photomicrograph of a hard
facing A rock bit for drilling oil wells is desirably made  applied form an
extruded rod by TIG welding. with teeth hard faced by use of such a rod.
45      An exemplary milled tooth rock bit comprises a Accordingly, a
second aspect of the invention   stout steel body 10 having a threaded pin
11 at provides a rock bit comprising: a rock bit body    one end for
connection to a conventional drill having means at one end for connecting
the bit to  string. At the opposite end of the body there are a drill
string; and at least one cutter cone mounted  three cutter cones 12 for
drilling rock for forming for rotation on the opposite end of the body;
such a   50  an oil well or the like. Each of the cutter cones is cutter
cone comprising a steel body with a plurality  rotatably mounted on a pin
(hidden) extending di- of teeth protruding therefrom, and at least a
portion  agonally inwardly on one of the three legs 13 of the teeth having
a wear surface coated with a   extending downwardly from the body of the
rock hard facing layer produced by depositing material  bit. from a rod of
the type recited in accordance with  55  As the rock bit is rotated by the
drill string to the first aspect of the invention wherein the hard  which
it is attached, the cutter cones effectively roll facing composition
comprises at least 70%  by      on the bottom of the hole being drilled.
The cones weight of the mixture of tungsten carbide particles  are shaped
and mounted so that as they roll, teeth 3    
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gouge, chip, crush, abrade, and/or  in the form of a coherent "green" rod
which is cut erode the rock at the bottom of the hole. Fluid    to desired
lengths. The green rod is rather weak nozzles 15 direct drilling mud into
the hole to carry  since the particles are only held together by the away
the particles of rock created by the drilling.  organic binder. Such a rock
bit is conventional and merely   a     Such rods are laid on graphite trays
and heat- typical of various arrangements that may be em-    ed in a vacuum
furnace. The initial heating causes ployed in a rock bit. For example, most
rock bits  vaporization of the binder which condenses on are of the three
cone variety illustrated. However,  cooler portions of the furnace and may
be recov- one, two and four cone bits are also known. The    ered. The rods
are held at a maximum temperature arrangement of teeth on the cones is just
one of  10  for a sufficient period for the metal particles to many
possible variations. A broad variety of tooth  sinter or diffusion bond
together to form a metal and cone geometries are known and do not form a
matrix with sufficient strength to retain the tungsten specific part of
this invention.                   carbide particles and not break during
handling. Exemplary teeth on such a cone are generally       The maximum
sintering temperature is below triangular in a cross-section taken in a
radial plane   15  the melting temperature of the metal or any alloys of
the cone. Such a tooth has a leading flank 16   it may form with the
tungsten carbide. By remain- and trailing flank 17 meeting in an elongated
crest  Ing well below the melting temperature, the sin- 18. The flanks of
the teeth are covered with a hard  tered product does not achieve 100% of
theoretical [err] layer 19. Sometimes only the leading face of  density.
That is, the product retains some porosity. each tooth is covered with a
hard facing layer so   20   A porosity in the range of from about 5 to 20%
is that differential erosion between the wear-resistant  required. The
porosity is not a desideratum per se, hard facing on the front flank of a
tooth and the  although it does permit outgassing during welding. less
wear-resistant steel on the trailing face of the  It is instead a
consequence of avoiding melting of tooth tends to keep the crest of the
tooth relatively  the matrix metal during sintering. The technique for
sharp for enhanced penetration of the rock being   25   making the welding
rods is analogous to the tech- drilled.
nique for making cemented tungsten carbide rods, Such structure of a milled
tooth rock bit is well  except that the maximum temperature is not so known
and does not form a specific portion of this  close to the melting
temperature of the matrix that invention, which relates to the hard facing
material  consolidation to nearly 100% of theoretical density employed for
obtaining a high proportion of carbide   30  occurs. uniformly distributed
in the metal matrix on the       It is important to avoid melting of the
matrix teeth of a milled tooth cutter cone.                since this may
cause alloying between the matrix Hard facing is applied to the teeth and
gage    metal and the tungsten carbide particles. This is surface by
welding with a rod in the form of a      particularly true when the matrix
metal is steel uniform mixture of particles of tungsten carbide   35
which has a strong affinity for the carbide. Such and particles of matrix
metal sintered together    alloying reduces the quantity of carbide left in
the enough to form a rigid rod with some strength, but  rod for forming a
hard facing and reduces the ot completely sintered; that is, the rod has
some  toughness of the matrix. The rod is only sintered remaining porosity.
enough to provide strength for handling preparatory The hard facing
material has been applied to  40  to using the welding rod. The residual
porosity is in the faces of the tooth by heating the face to a    the range
of from 5 to 20%. welding temperature by an oxyacetylene or atomic
For hard facing rock bit teeth, high melting hydrogen torch. When a
suitable temperature is     point, hard, wear resistant matrix metals are
pre- reached, the matrix metal in the welding rod is    ferred. Steel is
particularly preferred for alloying melted onto the face of the tooth. In
an exemplary   45   with the steel substrate of the teeth for maximum
embodiment, the thickness of the hard facing layer  resistance to chipping
or spalling. The matrix pow- is about 1.6 to 2.4mm.
der may be plain carbon steel or any of a broad The welding rod is made by
mixing the desired   variety of alloy steels. Such alloys can be formed
tungsten carbide particles with particles of metal to  by mixing powders of
diffeent composition although form the matrix for the hard facing, a
temporary   50  it is preferred to employ alloy powders. Virtually organic
binder and, if desired, a solvent for the  any alloy can be atomized to
form spherical par- binder. These materials are vigorously mixed so
ticles of uniform size appropriate for use in practice that the individual
particles each receive a coating  of this invention. Many such alloys are
commerical- of binder. The solvent, if any, can then be evap-  ly
available. orated.                                       55
Alternatively high melting point brazing alloys The particle mixture is
placed in a conventional  may be employed. For example, the American
extruder where it is pressed through a circular    Welding Society BNi
series of nickel base alloy orifice of an extruder die. The extruded
material is  filler metals having brazing temperatures from 4    
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are particularly suitable.   enhanced toughness of the hard facing. A
suitable composition comprises plain carbon      The high packing density
of the relatively larg- steel particles commingled with about 4% of deoxi-
er cemented tungsten carbide particles and rela- dizer or "flux". A
suitable deoxidizer is silico-man-  tively smaller single crystal carbide
particles is ganese obtained from  Kennametal, Inc., Fallon,   5
appropriate for resisting hypothesized wear mecha- Nevada. The nominal
composition of the silico-     nisms for hard facing material. One
postulated wear manganese is 65 to 68% manganese, 15 to 18%
mechanism comprises "extrusion" or yielding and silicon, a maximum of 2%
carbon, a maximum of      consequent wear of the binder phase securing the
0.05 sulfur, a maximum of 0.35 phosphorous, and a  carbide particles to the
substrate. Wear of the balance of iron. Upon melting the welding rod the
10   matrix leaves carbide particles exposed and unsup- silico-manganese
alloys with the plain carbon steel  ported for possible fracture. One way
of enhancing to form an alloy steel. Sintering of such a rod is at  wear
resistance of the binder is to make it stronger a temperature less than the
eutectic temperature of  and harder. An alloy steel binder provides such a
manganese/silicon/iron alloy.                    hardness and strength
while retaining sufficient To obtain a high density of carbide in the metal
15  toughness to keep the hard facing intact. matrix, it is necessary to
employ a mixture of         Another way of enhancing wear resistance of
particular sizes for high packing density. The mix-  the binder is to
reduce the mean distance between ture of relatively larger particles of
cemented tung-  particles so that the binder layer is thinner. This sten
carbide and relatively smaller particles of sin-  can be done by having
smaller particles, but this gle crystalline monotungsten carbide do provide
20   may diminish the cutting ability of the teeth on the excellent wear
resistance on the teeth of a rock bit.  cutter cone. The high packing
density and high An exemplary composition for hard facing teeth  proportion
of carbide to binder possible in the on a rock bit employs as one type of
carbide, 0.8  extruded rods also reduce the mean distance be- to 0.6 mm (20
to 30 mesh) cemented tungsten        tween particles or thickness of the
binder phase carbide. The grain size of the tungsten carbide   25  which
may be subject to deformation and wear. grains in the particles of cemented
tungsten car-      Generally speaking, the proportion of carbide bide are
in the range of from about one to fifteen  to steel in the hard facing
should be maximized for micrometers. The binder content in such a ce-
best wear resistance. For example, the carbide mented tungsten carbide is
preferably cobalt in the  should be in the range of from 60 to 80% of the
range of from 6 to 8% by weight.              30  composition with the
steel forming the other 20 to The cemented tungsten carbide is commingled
40%. A preferred range is from 70 to 75% carbide. with single crystal WC,
preferably in the range of  This desideratum is promoted in the extruded
rods from 0.4 to 0.18 mm (40 to 80 mesh).                since the
proportion of matrix can be higher than The ratio of particle size of the
larger particles  with tube-rods, while still maintaining adequate of
cemented tungsten carbide to smaller mon-  36  strength for handling.
ocrystalline carbide can be in the range of from two   The particles of
binder or matrix metal are to five. A larger ratio is less desirable since
the  preferably about 1/3 the size of the carbide par- smaller particles
can be so small that excessive   ticles. Exemplary particle size is in the
order of solution in the alloy steel matrix may occur. A size  0.15 to
0.075 mm (100 to 200 mesh), or even ratio of three is preferred.
40  smaller. Another exemplary composition for hard facing      The
temporary organic binder can be any of a teeth on a rock bit employs 0.18
to 0.075 mm (80   variety of compositions that can be vaporized from to 200
mesh) cemented tungsten carbide mixed       the mixture before sintering to
avoid residual con- with single crystal monotungsten carbide in the
tamination. A variety of paraffin waxes may be range of from 0.075 to
0.0142 mm (200 to 325   45  used. Polyethylene glycol with a molecular
weight mesh). Generally speaking, the hard facing with    of about 1000 is
appropriate. Other hydrocarbon larger particles is tougher and more
resistant to  lubricants conventionally used for pressing or ex- breakage,
whereas the smaller particles result in a  truding powder metallurgy
mixtures can be used. more wear resistant hard facing.
Solvent such as hexane, heptane, or the like may The weight ratio of the
larger particle size   50  also be incorporated in the composition for uni-
cemented tungsten carbide to the smaller particle  formity of mixing. size
single crystal WC is in the range of from 35:65   Conventional mixing
techniques in a Hobart to 80:20, and preferably in the range of from 60:40
mixer, ball mill, or the like are quite suitable. Typi- to 80:20. in a
particularly preferred embodiment,  cally the mixing is conducted at an
elevated tem- the proportion of larger size cemented tungsten   55
perature so that the organic binder is melted and carbide is 75% by weight
and the smaller particle  contacts all surfaces of the powders to give the
size single crystal WC is 25%. A substantial pro-  green compact reasonable
strength. For example, a portion of the cemented carbide is preferred for
mixture using polyethylene glycol as the binder 5    
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about [err]. It is desirable to      For some reason, the tube-rod could
not be cool the mixture below [err] before extruding so  successfully
applied by tungsten inert gas (TIG) or that the polyethylene glycol is
solid and a reason-  metal inert gas (MIG) welding due to excessive able
green strength is obtained in the rod.       solution of carbide particles
in the matrix. This is The quantity of organic binder is not particu-   5
probably due to the inherent non-uniformity of the larly critical.
Something in the order of 2 to 5%  composition which requires maintenance
of a mol- binder is satisfactory. The amount used may de-   ten pool long
enough for mixing to occur. The time pend on the particular binder chosen
and the pa-  at elevated temperature was apparently enough for rameters of
the extruding press.                  appreciable amounts of the carbide to
dissolve. Extrusion does not appear to have critical pa-  10  Surprisingly,
the extruded and partially sintered rameters. All that is required is
sufficient pressure  hard facing rod can be applied to a surface by TIG to
obtain a straight rod. The diameter of the orifice  welding without
excessive solution. This is hypoth- on the extrusion machine determines the
size of   esized to be due to a shorter interval at elevated the completed
rod. Thus a green rod extruded at a  temperature when the matrix is
intimately commin- diameter of about 4.4 millimeters has a finished   15
gled with the carbide in the rod, rather than being diameter of about 4
millimeters after sintering.  encased in a tube of the matrix metal. The
com- The best parameters for extruding a given mix-  mingled matrix is
thought to melt more readily than ture are somewhat a matter of trial and
error. The  the steel tube-rod, and there is less tendency to composition
of the mixture makes a difference. As  overheat. This means that the hard
facing cools suggested above, spherical particles tend to ex-  20  more
quickly. Since the residence time of the car- trude easier than angular
particles. Thus, the nature  bide particles in molten matrix is thereby
reduced, of the carbides employed may make a difference    solution is also
reduced. in the extrusion. Particle size may also have an     It is
desirable to TIG weld the hard facing since influence, as well as the
choice and concentration  this technique is more readily automated that
oxy- of lubricant. Other parameters subject to variation   25  acetylene
welding. Further, the weld quality ob- in the extrusion include pressure
and temperature.  tained is usually superior. Figs. 4 and 5 are pho-
Routine experimentation can determine the ap-  tographs of the surfaces of
weld beads of hard propriate parameters. If the mixture is too "stiff", it
facing applied by oxyacetylene welding and TIG may not be feasible to
extrude it at reasonable   welding, respectively (enlarged 6.3X in the
origi- pressures. Conversely if the mixture is too "soft",  30  nal).
Although these surface qualities are not al- the extruded rods may crack.
It might be noted that  ways obtained in the respective beads, they are
minor surface cracks which do not affect their    not greatly atypical. The
desirability of TIG welding performance are sometimes seen on the rods.
without voids is apparent. The rod diameter and length are not critical,
Figs. 6 and 8 are examples of hard facings and any conventional dimensions
are suitable.  35  applied by prior art tube-rods and oxyacetylene From
four to ten millimeter diameter rods can easi-  welding which is generally
regarded as acceptable. ly be made and used. The rods need not be round,
Figs. 7 and 9 are examples of hard facings applied [err] flattened pads may
also be pressed and sin-  from the same tube-rods as Figs. 6 and 8 respec-
tered for forming hard facings.                   tively, but by tungsten
inert gas welding. The tube- The extruded and cut green rods are placed on
40  rod used in the welds of Figs. 6 and 7 contained a graphite tray in a
vacuum furnace. With a steel  0.184 to 0.075 mm (80 to 200 mesh)
macrocrystal- matrix alloy the sintering temperature can be about  line
tungsten carbide particles. The tube-rod used 1050 C to achieve a density
of about 95%  of      in the welds of Figs. 8 and 9 contained 25% 0.4 to
theoretical density, appreciably less than 100%   0.18 mm (20 to 30 mesh)
macrocrystalline tungsten which would be obtained if the matrix were
melted.  45  carbide and 75% 0.8 to 0.6 mm (20 to 30 mesh) Although such
welding rods do not have a high     crushed tungsten carbide. All of the
photomicrog- degree of toughness, they are sufficiently strong to  raphs
are at 40X in the original application. withstand dropping one-half meter
or so onto a        By comparing Figs. 6 and 7 it can be seen that concrete
surface.                                 a substantial quantity of the
carbide particles disap- It has previously been the practice to apply  50
peared during TIG welding. It is believed that these hard facing by melting
the tube-rod in an oxyacet-  dissolved in the alloy steel matrix. ylene
flame or the like. The steel tube melts and     In both of Figs. 8 and 9 it
can be seen that the carbide particles mix with the molten metal.  there
has been substantial dissolution of cemented Since the tube-rod is
inherently non-homogeneous,  tungsten carbide particles in the steel
matrix. This the resultant hard facing may also be non-homo-  55  is
apparent from the severe rounding of the par- geneous In places where good
mixing is not ob-    ticles, and is particularly noticeable In the hard
tained.                                           facing deposited by
oxyacetylene welding. Such solution of the cemented carbide, including the
fine 6    
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particles and the cobalt cement-      In another example a mixture was made
of ing phase, raises the alloy content of the matrix   66.5% by weight
tungsten carbide particles, 3.5% and tends to embrittle it. This is
suggested by the  by weight silico-manganese particles, and 30% by TIG
welded specimen which has cracks extending      weight particles of brazing
alloy BNi2. The tungsten through the carbide particles as well as the
matrix.    5   carbide particles comprised 50% by weight macro- Figs. 10
and 11 are photomicrographs at 50X      crystalline monotungsten carbide in
the range of in the original application of hard facings deposited  from
0.4 to 0.2 mm (40 to 60 mesh) and 50% from an extruded and sintered rod as
provided in    crushed cemented carbide particles in the range of practice
of this invention. The rod contained 0.4 to  from 0.8 to 0.6 mm (20 to 30
mesh). The composi- 0.18 mm (40 to 80 mesh) macrocrystalline tungsten   10
tion was thoroughly mixed with 3.5% paraffin wax carbide. The hard facing
in Fig. 10 was deposited   and pressed in a closed die to form rods having
a by oxyacetylene welding, while the hard facing in   diameter of about 4.4
millimeters. Sintering was Fig. 11 was deposited by TIG welding. No
signifi-   similar in a vacuum furnace, except that the maxi- cant
difference can be seen in these microstruc-    mum temperature was about
[err]. tures.                                         15      The rods were
successfully tested by applying Although it is preferred to extrude the
rods for  hard facing to teeth of a cutter cone for rock bit ease and
economy of manufacture, it is also fea-        In a modification other
matrix compositions sible to press rod-shaped compacts in a hydraulic
such as a mixture of brazing alloy and steel par- press in the same manner
as compacts are           ticles inappropriate for tube-rods may be
fabricated pressed for making cemented tungsten carbide. A   20   by the
powder metallurgy techniques described principal difference lies in the
composition of the  herein. mixture and the deliberate avoidance of
tempera- tures in the melting range of the matrix to avoid   Claims
metallurgical reaction with the carbide embedded in the matrix. As used
herein, "pressing" refers to  25  1. A rod for applying hardfacing to a
surface, said either pressing in a die or extrusion under pres-       rod
comprising particles of tungsten carbide sure.
and particles of a metal matrix sintered to- In a specific example of a
hard facing provided     gether to bind the particles into a rigid rod, in
practice of this invention, a mixture was made of    characterised in that
the tungsten carbide par- 66.5% tungsten carbide particles, 3.5%
silico-man-   30  ticles comprise a mixture of cemented tung- ganese
particles, and 30% by weight of 0.075 mm         sten carbide particles and
single crystal mon- (200 mesh) plain carbon steel particles. The tung-
otungsten carbide particles wherein the particle sten carbide particles
comprise 50% macrocrystal-       size of the cemented tungsten carbide par-
line monotungsten carbide in the range of from 0.4     tides is from two to
five times larger than the - 0.6 mm (40 to 60 mesh) and 50% macrocrystal-
35      particle size of the single crystal monotungsten line monotungsten
carbide in the range of 0.8 to        carbide particles and wherein the
particles of 0.6 mm (20 to 30 mesh).                                the
metal matrix consist either of steel alloy The metal and carbide particles
were mixed          particles or of plain carbon steel particles and with
3.7% of polyethylene glycol having a molecu-       a mixture of different
metal particles for for- lar weight of about 1000 and 1.8% Protepet 1 E, a
40  ming steel alloy upon melting. hydrocarbon lubricant available from
Witco Chemi- cal Co, New York, New York. Heptane was included    2. A rod
according to Claim 1 characterized in for dissolving the organics and
aiding mixture. The    that the tungsten carbide particles are approxi-
composition was mixed in a Hobart mixer at about        mately spherical.
[err]. After thorough mixture, it was cooled to  45 less than [err] and
extruded with just enough      3  A rock bit comprising: pressure to get
straight rod 4.4 millimeters in diam-      a rock bit body having means at
one end eter.                                                  for
connecting the bit to a drill string; and Such rods were laid on graphite
trays and               at least one cutter cone mounted for rota- heated
at [err] per minute to about [err] while  50     ton on the opposite end of
the body; pumping down a vacuum furnace. They were then              such a
cutter cone comprising a steel heated at 5 C per minute to [err] and were
body with a plurality of teeth protruding there- held for 45 minutes at
[err] The furnace was          from, and cooled to [err] in vacuum and then
back-filled           at least a portion of the teeth having a with argon
to expedite cooling. After this sintering   55  wear surface coated with a
hard facing layer treatment the rods had shrunk to a diameter of
(19) produced by depositing material from a about 4 millimeters and had a
residual porosity of      rod of the type recited in Claim 1 wherein the
less than 5%.                                           hard facing
composition comprises at least 7    



11                EP 0 349 172 B1                   12 tungsten carbide
particles and the cobalt cement-    In another example a mixture was made
of ing phase, raises the alloy content of the matrix  66.5% by weight
tungsten carbide particles, 3.5% and tends to embrittle it. This is
suggested by the  by weight silico-manganese particles, and 30% by TIG
welded specimen which has cracks extending    weight particles of brazing
alloy BNi2. The tungsten through the carbide particles as well as the
matrix.    5   carbide particles comprised 50% by weight macro- Figs. 10
and 11 are photomicrographs at 50X    crystalline monotungsten carbide in
the range of in the original application of hard facings deposited  from
0.4 to 0.2 mm (40 to 60 mesh) and 50% from an extruded and sintered rod as
provided in  crushed cemented carbide particles in the range of practice of
this invention. The rod contained 0.4 to  from 0.8 to 0.6 mm (20 to 30
mesh). The composi- 0.18 mm (40 to 80 mesh) macrocrystalline tungsten   10
tion was thoroughly mixed with 3.5% paraffin wax carbide. The hard facing
in Fig. 10 was deposited  and pressed in a closed die to form rods having a
by oxyacetylene welding, while the hard facing in  diameter of about 4.4
millimeters. Sintering was Fig. 11 was deposited by TIG welding. No
signifi-  similar in a vacuum furnace, except that the maxi- cant
difference can be seen in these microstruc-  mum temperature was about
[err]. tures.                                       15       The rods were
successfully tested by applying Although it is preferred to extrude the
rods for  hard facing to teeth of a cutter cone for rock bit. ease and
economy of manufacture, it is also fea-     In a modification other matrix
compositions sible to press rod-shaped compacts in a hydraulic  such as a
mixture of brazing alloy and steel par- press in the same manner as
compacts are          ticles inappropriate for tube-rods may be fabricated
pressed for making cemented tungsten carbide. A   20  by the powder
metallurgy techniques described principal difference lies in the
composition of the  herein. mixture and the deliberate avoidance of
tempera- tures in the melting range of the matrix to avoid  Claims
metallurgical reaction with the carbide embedded in the matrix. As used
herein, "pressing" refers to  25  1. A rod for applying hardfacing to a
surface, said either pressing in a die or extrusion under pres-    rod
comprising particles of tungsten carbide sure.
and particles of a metal matrix sintered to- In a specific example of a
hard facing provided   gether to bind the particles into a rigid rod, in
practice of this invention, a mixture was made of  characterised in that
the tungsten carbide par- 66.5% tungsten carbide particles, 3.5%
silico-man-  30  tides comprise a mixture of cemented tung- ganese
particles, and 30% by weight of 0.075 mm       sten carbide particles and
single crystal mon- (200 mesh) plain carbon steel particles. The tung-
otungsten carbide particles wherein the particle sten carbide particles
comprise 50% macrocrystal-     size of the cemented tungsten carbide par-
line monotungsten carbide in the range of from 0.4   ticles is from two to
five times larger than the - 0.6 mm (40 to 60 mesh) and 50% macrocrystal-
35    particle size of the single crystal monotungsten line monotungsten
carbide in the range of 0.8 to      carbide particles and wherein the
particles of 0.6 mm (20 to 30 mesh).                              the metal
matrix consist either of steel alloy The metal and carbide particles were
mixed        particles or of plain carbon steel particles and with 3.7% of
polyethylene glycol having a molecu-     a mixture of different metal
particles for for- lar weight of about 1000 and 1.8% Protepet 1E, a   40
ming steel alloy upon melting. hydrocarbon lubricant available from Witco
Chemi- cal Co, New York, New York. Heptane was included  2. A rod according
to Claim 1 characterized in for dissolving the organics and aiding mixture.
The   that the tungsten carbide particles are approxi- composition was
mixed in a Hobart mixer at about      mately spherical. 120 C. After
thorough mixture, it was cooled to  45 less than 40 C and extruded with
just enough      3. A rock bit comprising: pressure to get straight rod 4.4
millimeters in diam-    a rock bit body having means at one end eter.
for connecting the bit to a drill string; and Such rods were laid on
graphite trays and             at least one cutter cone mounted for rota-
heated at [err] per minute to about [err] while  so  tion on the opposite
end of the body; pumping down a vacuum furnace. They were then
such a cutter cone comprising a steel heated at [err] per minute to 1070 C
and were         body with a plurality of teeth protruding there- held for
45 minutes at [err]. The furnace was      from, and cooled to [err] in
vacuum and then back-filled          at least a portion of the teeth having
a with argon to expedite cooling. After this sintering  55  wear surface
coated with a hard facing layer treatment the rods had shrunk to a diameter
of       (19) produced by depositing material from a about 4 millimeters
and had a residual porosity of   rod of the type recited in Claim 1 wherein
the less than 5%.                                         hard facing
composition comprises at least 7    



13                 EP 0349 172 B1                     14 70%  by weight of
the mixture of tungsten          des particules de carbure de tungstbne et
des carbide particles and a balance of alloy steel     particules d'une
matrice metallique qui sont bonding the tungsten carbide particles together
conjointement frittees afin de lier les particules and to the steel body,
the tungsten carbide        en une baguette rigide, caractrlsie en ce
particles being uniformly distributed in the ma-   s  que les particules de
carbure de tungstene trix of alloy steel.
comprennent un melange de particules de car- bure de tungstene cement4 et
de particules de Patentansprtiche
carbure de monotungstene monocristallin, la taille des particules de
tungstene cdment6 Stab zum Aufbringen einer Panzerung auf eine   10  etant
de deux a cinq fois superieure & la taille Oberflache, wobei der Stab
Partikel aus Wol-       des particules de carbure de monotungstene
framkarbid und Partikel einer Metallmatrix auf-     monocristallin, et les
particules de la matrice weist, welche zusammengesintert sind, um die
metallique 6tant constitutes soit de particules Partikel in einen festen
Stab zu binden,           d'acier alli6, soit de particules d'acier au car-
dadurch gekennzeichnet, daB die Wolframkar-  15    bone non allie et d'un
melange de differentes bidpartikel eine Mischung aus gesinterten Wol-
particules m6talliques afin d'obtenir, par fusion, framkarbidpartikeln  und
Einkristailmonowol-      de I'acier allie. framkarbidpartikeln aufweisen,
wobei die Parti- kelgr8Be der gesinterten Wolframkarbidpartikel  2.
Baguette selon la revendication 1, caract6rl- zwei- bis flnfmal groler als
die Partikelgrofe   20  s~e en ce que les particules de carbure de der
Einkristallmonowolframkarbidpartikel  ist     tungstene sont sensiblement
sphdriques. und wobel die Partikel der Metallmatrix entwe- der aus
Stahllegierungspartikeln oder aus rei-  3. Outil de forage, comprenant: nen
Kohlenstoffstahlpartikeln und einer Mi-            un corps d'outil
possedant, & une extremi- schung von unterschiedlichen Metallpartikeln  25
t6, des moyens pour relier l'outil & un train de zur Bildung einer
Stahilegierung beim Schmel-      tiges de forage ; et zen bestehen.
au moins un c8ne de coupe, monte a rotation a l'autre extrdmit6 du corps;
2. Stab nach Anspruch 1,                                   ce c8ne de coupe
comprenant un corps dadurch gekennzeichnet, daB die Wolframkar-  30    en
acier duquel depasse une pluralit6 de bidpartikel etwa kugelformig
ausgebildet sind.     dents, et au moins une partie des dents prdsentant 3.
Rollenbohrkrone mit:                                une surface d'usure
revtue d'une couche de einem Rollenbohrkronenkorper mit Mittein am
rechargement dur (19), obtenue en appliquant einen Ende zur Kopplung der
Krone an ein  35        le mat6riau d'une baguette selon la revendica-
Bohrgestbnge;  und   mindestens   einem            tion 1, Schneidkonus,
der zur Rotation am gegenUber-       la composition du rechargement dur
compre- liegenden Ende des Korpers befestigt ist;          nant au moins 70
% en poids du m6lange de wobel ein derartiger Schneidkonus einen Stahl-
particules de carbure de tungstene, et le solde k6rper mit mehreren von
diesem emporragen-   4o    d'acier al1i6 liant les particules de carbure de
den Zahnen aufweist und mindestens ein Ab-         tungstbne entre elles et
au corps en acier, les schnitt der Zahne eine Abnutzungsflache be-
particules de carbure de tungstbne dtant uni- sitzt, die mit einer
Panzerschicht (19) be-        form~ment r~parties dans la matrice d'acier
schichtet ist, die durch Auftragen von Material    allie. von einem Stab
der in Anspruch 1 erwahnten   45 Art hergestellt wird, wobei die
Panzerungszu- sammensetzung mindestens 70 Gew.-% der Mischung aus
Wolframkarbidpartikeln und ei- nen Rest aus Legierungsstahl aufweist, wel-
cher die Wolframkarbidpartikel aneinander und   50 an den StahlkOrper
bindet, wobei die Wolfram- karbidpartikel gleichmaBig in der Matrix des
Legierungsstahls verteilt sind. Revendlcatlons
55 1. Baguette pour appliquer un rechargement dur sur une surface, ladite
baguette comprenant 8    


