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(ST) Abstract

A weld rod (28) is prepared
by placing a plurality of tungsten
carbide/cobalt nuggets (20), preferably
mixed with loose material, into a
steel tube (26). ‘The muggets (20)
are previously sintered and have a
generally ellipsoidal shape. A substrate
(78) is hard faced by progressively
melting the weld rod (28) onto the
surface (80) to be hard faced, and
allowing the melted material to solidify
on the surface (80).
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rock bit enjoys the benefits of both the tough steel body and the wear

resi stant coating. The hard facing material is usually a mxture of a hard,
wear resistant material enbedded in a netallic matrix. The netallic matrix
is fused with the 25 surface of the steel in the rock bit by welding,-to
ensure adher qp69s8g20d Ne coating to the substrate. The wear-r gyitant
material is typically tungsten carbide particles mxed with -

wear-resistant nmaterial is placed into a steel tube, which serves as a weld
rod during weld application of the hard facing to the rock bit surface.

-2- The tungsten carbi de/cobalt hard facing approach has proved highly
successful in extending the service |ives oflvrock bits, and is w dely used
comercially. However, there is always a need for an |nproved approach that
achi eves i nproved rock bit performance with decreased wear and increased 5

operating life. The pres rther
provi des rel ated advant a@@m&w&bﬁﬁmmﬁ e%t I nvention
provi des a wel di ng nat erg@LD\mﬁlU@Ddﬂmmﬁ ASUBSTRAME:i ng

substrates such as rock drills with the welding material.
BACKGROUND OF THE INVENTION

This application relates to the hard facing of surfaces and to the weld
5  rod used in such hard facing, and, more particularly, to hard facing rock bits
with tungsten carbidef/cobalt material.

A rock bit is a specialized drill bit used in the drilling of oil and gas
wells. A conventional rock bit has three rotatable, conical cutters with teeth
thereon. The conical cutters are mounted in a generally triangular arrangement

10 so as to protrude from the lower end of a housing termed an arm. The rock bit
is attached to the lower end of a drill string of hollow tubes, and a Tibricant
termed “mud” is pumped through the drill string to lubricate the rock bit andfor
wash rock cuttings away from the rock bit during the drilling operation.

The rock bit is made of a strong, ductile steel selected to have good

15  strength and toughness. This steel cannot itself serve as the cutting face of the
conical cutters, because it would be rapidly worn away by the abrasive contact
with the rock being cut. Instead, it has long been the practice to place a hard
coating, usually termed a “hard facing”, on the teeth and other surfaces of the
rock bit, termed the “substrate”, that are subjected to the greatest intensity of

20  wear during the cutting operation. The hard facing resists wear, so that the
rock bit enjoys the benefits of both the tough steel body and the wear resistant
coating.

The hard facing material is usually a mixture of a hard, wear resistant
material embedded.in a metallic matrix. The metallic matrix is fused with the

r 25  surface of the steel in the rock bit by welding,-to.ensure adherence of the
coating to the substrate. The wear-resistant material is typically tungsten
. carbide particles mixed with cobalt. The wear-resistant material is placed into

a steel tube, which serves as a weld rod during weld application of the hard
facing to the rock bit surface.



._/10 The approach of the invention results in substantially inproved
‘resi stance to abrasion of the face of the coated substrate in rock bit
applications. It allows the use of a wide range of hard facing materi al

consti tuent s, ing conventional hard facing material c L fuents such
as- tungsten %Vgr’glﬁ%égcobal t material. Well-established hard %giﬂ%é‘%";l
techni ques can al so be used. 15 In accordance with the invention,
an article of manufacture conprises a nugget formed of a sintered m xture
of hard, nonnetallic particles enbedded in a netallic matrix. The nugget

has a generally ellipsoidal shape, preferabla with a snooth, rounded
exterior surface. In practice, a plurality of the sintered nuggets are
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process. In a related nmethod, an article such as portions of a rock bit is

hard faced by providing the artistiMERY ORI PIVENTGON face that is to
be coated 30 with a hard facing, and providing a hard-facing rod of the

type previously described. The nmethod further includes progressively
mel ting the hard-faci nThe present invention provides a welding material, welding rod, and

method for hard facing substrates such as rock drills with the welding material.

10  The approach of the invention results in substantially improved resistance to
abrasion of the face of the coated substrate in rock bit applications. It allows
the use of a wide range of hard facing material constituents, including
conventional hard facing material constituents such as tungsten carbide/cobalt
material. Well-established hard facing techniques can also be used.

15 In accordance with the invention, an article of manufacture comprises
a nugget formed of a sintered mixture of hard, nonmetallic particles embedded
in a metallic matrix. The nugget has a generally ellipsoidal shape, preferably
with a smooth, rounded exterior surface. In practice, a plurality of the sintered
nuggets are captured within a hollow steel tube, optionally with additional loose

20  nonmetallic particles and/or loose metallic material, to form a weld rod. The
nonmetallic particles incorporated into the nuggets are preferably tungsten
carbide. Loose nonmetallic tungsten carbide or other nonmetallic materials
selected for abrasion resistance or oxidation resistance can be incorporated into
the weld rod. The metallic material of the nuggets is preferably cobalt. The

25  loose metallic material is preferably a metal or intermetallic material, such as
an alloy or compound of metallic and possibly other elements, that inhibits
oxidation during the welding process. '

In a related method, an article such as portions of a rock bit is hard
faced by providing the article having a substrate surface that is to be coated

30  with a hard facing, and providing a hard-facing rod of the type previously
described. The method further includes progressively melting the hard-facing




-3- rod to formweld netal, and applying the weld netal to the substrate
surface and solidifying the weld netal in contact to the substrate surface.
The hard-facing weld rod is preferably prepared by first furnishing the
sintered nuggets, and then by placing the sintered nuggets into the steel
tube 5 W t hyeRh | additional material. The nuggets are tly
made by form ng aﬁeggherent m xture of the hard particles.ang%? #ﬂﬁQﬂ|IC
material, together with a fugitive organic binder. Portions of the mxture
are tunbled to forma generally ellipsoidal shape, during which tunbling
any edges or sharp corners are renoved so thg% the final nugget shape has a.
snoot hly rounded 10 cont our. The generally'1 I|p30|dally shaped nass |s
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nugget s, results i rformingcancatherent sminture afshe tallic material,
together with a fugitive organic binder. Portions of the mixture are tumbled to

form a generally ellipsoidal shape, during which tumbling any edges or sharp
comers are removed so that the final nugget shape has a smoothly rounded

10  contour. The generally ellipsoidally shaped mass is sintered, by direct sintering
or sintering with concurrent hot isostatic pressing. The sintered nuggets are
packed into the steel tube. Loose nonmetallic particles, loose metallic pieces,
andfor a binder are also typically added to the steel tube to form, in
combination with the nuggets, a relatively densely packed mass within the tube.

15  The ends of the tube are sealed, and the weld rod is ready for use. '
The approach of the invention, providing the majority of the hard

-nonmetallic material and the metallic material in the form of the sintered,
generally ellipsoidal nuggets, results in improved resistance to abrasive material

loss in testing of hard-faced surfaces by a technique that is known to give a

20  reliable indication of rock bit drilling performance. No change in the hard-
facing welding procedures is required, so that field applicators need not be
retrained in order to use the invention. Other features and advantages of the
present invention will be apparent from the following more detailed description

of the preferred embodiment, taken in conjunction with the accompanying

25  drawings, which illustrate, by way of example, the principles of the invention.

BRIEF DES ON OF THE DRAWINGS

Figure 1 is a perspective view of a nugget of tungsten- carbide and-

cobalt;
. Figure 2 is a sectional view through the nugget of Figure 1, taken on
30 lines 2-2;

Figure 3 is a schematic view of a sectioned weld rod prepared by the



1oss in testing of hard-faced surfaces by a technique that is known to give
a: 20 reliable indication of rock bit drilling performance. No change in
the hard- facing welding procedures is required, so that field appticators
heed not be retrained in order to use the invention. Other features and
advant ages OWVOPHE2Pf esent invention will be apparent from t BETIO§W6H1Ng
nore detail ed description of the preferred enbodi nent, taken in conjunction
wi th the acconpanying 25 drawi ngs, which illustrate, by way of exanple,
the principles of the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1
I's a perspective view of a nugget of tungste# carbide and cobalt; Figure 2
Is a sectional view through the nugget of Figure 1, taken on 30 l i nes
2-2; Figure 3 is aappetrehndfithe iiventiof; a sectioned wel d rod prepared by the
-4- approach of the'invention FEihgure 4 i |l ock_ di m.f qr .
preparation of the wel oﬁm%a@l VL r@awﬁ%&?@?@q&ﬁeﬁ%ﬁﬁg&&ﬁ%ﬁ% a
met hod for hard faging an article using 5 t he approach of the invention;
Figure 5 is a block diagram of a method for hard facing an article using

5  the approach of the invention;
Figure 6 is a perspective view of a rock bit;
Figure 7 is a schematic elevational view of the application of the hard

facing to the substrate; and
Figure 8 is a schematic sectional view at a hard-faced surface.

10 DETAILED DESCRIPTION OF THE INVENTION

In a preferred embodiment, a substrate article such as a steel rock bit is
coated with a hard facing of tungsten carbidef/cobalt material provided from a
weld rod feed. In discussing the invention, the preparation of the weld rod will
first be discussed, and thereafter its use in hard facing.

15 - Referring to Figures 1-2, nuggets 20 formed of hard, wear-resistant,
nonmetallic particles 22 embedded in a metallic matrix 24 are used.. The
particles 22 are preferably tungsten carbide and the metallic matrix 24 is
preferably cobalt. As used here, the term “cobalt” includes substantially pure
cobalt and also alloys of cobalt.

20 The nuggets 20 are generally ellipsoidal in shape with a rounded,
smooth contour as shown in Figures 1-2. They are not necessarily all of the
same size or shape, and, most preferably, have a range of sizes and shapes to
promote dense packing in forming a welding rod, as will be discussed
subsequently. The term “generally ellipsoidal” as used herein means that the

25  nuggets 20 have a major axis 1, and a minor axis 1, measuring the largest
dimension orthogonal to the major axis, wherein 1, is greater than L,. The term
“generally ellipsoidal” indicates that the finggets 20 have a generdusly rounded -
shape that somewhat approximates an ellipsoid. However, its use is not
intended to suggest that the nuggets have a shape that is defined by a

30  mathematically exact ellipsoidal body, or that the nuggets have a precisely
regular shape. In some instances, the nuggets are somewhat rod-shaped with



Figure 6 is a perspective view of a rock bit; Figure 7 is a schematic

el evational view of the application of the hard facing to the substrate;
and Figure 8 is a schematic sectional view at a hard-faced surface. 10
DETAI LED DESCRI PTION OF THE I NVENTION In a preferred enbodi nent, a°
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di scussing the invention, the preparation of the weld rod will first be
di scussed, and thereafter its use in hard facing. 15 Referring to
Figures 1-2, nuggets 20 fornmed of hard, wear-gesistant, nonnetallic
particles 22 enmbedded in a netallic matrix 24 are used.. The particles 22
are preferably tungoun? carbide and the netallic matrix 24 is preferably
cobalt As used her ﬁ% rm "cobalt" includes substantially pure cobalt
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: that can be packed into a selected diameter of weld rod. If the aspect ratio is

‘10  more than about 3.5:1, the nuggets are too clongated and needle-like, tend to
be brittle and break, and do not pack well in the steel tube. It is preferred that

the nuggets exhibit a range of aspect ratios and sizes within these limits, to
.promote dense packing in the steel tube 28. The most preferred range of aspect

| ratio is from about 1.4:1 to about 2.5:1.

15 The nuggets 20 preferably comprise from about 4 to about 20 weight
percent of the metallic material, most preferably cobalt, with the balance
comprising the hard nonmetallic particles, preferably tungsten carbide. These
weight percents are expressed as a percentage of the total of metallic material
and particles. Most preferably, the nuggets comprise from about 6 to about 14

20  weight percent of the metallic material, with the balance the nonmetallic
particles. The cobalt is desirably a commercially pure material. The tungsten
carbide is desirably formed of carburized tungsten having a maximum
dimension of from about 0.5 micrometers to about 15 micrometers.

The nuggets 20 have a sintered structure wherein the particles are

25  embedded in a continuous metallic matrix, as shown in Figure 2. There can be
voids present within the sintered structure, but such voids are generally not

 desirable and are reduced to as low a level as possible by the approach by
which the nuggets are manufactured. In the sintered structure, the particles 22
of the hard nonmetallic material are most preferably relatively smooth in their

30  external surface and features. However, smooth particles 22 are difficult to
produce, and particles which have a more sharp, angular morphology can be
used.

The preferred form of the weld rod 28 of the invention is shown in



~shape that sonmewhat approxi mates an ellipsoid. However, its use is not
intended to suggest that the nuggets have a shape that is defined by a 30
mat hematical |y exact ellipsoidal body, or that the nuggets have a-precisely
.regul ar shape.-1n sone instances, the nuggets are somewhat rod-shaped wth

-5- roundedwonsks2gkhe nuggets 20 preferably have a major axXGHPEP1 of
ftrom about 0.005 inches to about 0.055 inches in length. The ratio of the
maj or axis 1[err] to the mnor axis 12, sonetines ternmed the aspect ratio,
is preferably fromabout 1.2:1 5 to about 3.5.1. If the aspect ratio is
| ess than about 1.2:1, the nuggets are spherlé'al or too nearly spheri cal ,
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range of aspect ratZOJaIesniadorhya unmbling process)dhey 2ss8me. a range of sizes.
sintered nuggets can be graded by size using the same sieving and classifying
techniques used for powders. It is preferred to use nuggets of different sizes
when the tube 26 is filled with the nuggeté, as this approach results in a higher
10  density of packing within the tube than if a single size of nugget is used. The
* higher density of packing in the welding rod leads to improved weldability,
with less outgassing during welding than encountered with a lower density
welding rod. In a preferred approach, the tube is packed with from about 20
" to about 80 percent by weight of -16/+30 mesh nuggets, with the balance - -
15  40/+80 mesh nuggets.
When the nuggets 20 are packed into the tube 26, some open spaces,
termed “interstices” 30, remain between the nuggets 20, even when different
‘sizes and shapes of nuggets are used. Optionally, loose metallic material or
loose particles can be packed into the interstices 30 between the nuggets 20, to
20  increase the packing density within the welding rod even forther. As used
herein, “loose” metallic material or particles indicates metallic (including
intermetallic) material or particles, respectively, that are not sintered into the
nuggets 20, but are provided in an unsintered form. “Loose metallic material”
includes both metals and intermetallic materials. These Ioose pieces of metallic
25  material or particles fill the space remaining between the nuggets 20, to achieve
a higher density of packing in the interior of the tube 26 than could be
otherwise attained.
The loose metallic material can include metallics or intermetallics
selected to act as deoxidizers during the subsequent welding process. For
30  example, silico-manganese, ferro-manganese, or ferro-silicon pieces are
preferably added, in an amount of about 4 percent by weight of the total weight
of the weld rod 28.
A binder can also be filled into the interstices 30. The binder is




15 The nuggets 20 preferably conprise fromabout 4 to about 20
wei ght percent of the netallic material, nost preferably cobalt, wth the
bal ance conprising the hard nonnetallic particles, preferably tungsten
carbide. These wei ght percents are expressed as a percentage of the total

of netallic iRk and particles. Mst preferably, the nu ﬁ@gﬁrise
from about GRt%E) about 14 20 wei ght percent of the netalli%%%l@t%%r , Wth

t he bal ance the nonnetallic particles. The cobalt is desirably a
commercially pure material. The tungsten carbide is desirably forned of
carburized tungsten having a maxi num di nensi of fromabout 0.5

m cronmeters to about 15 micrometers. The nuggets 20 have a sintered
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For example, some of the nuggets could be replaced with cast tungsten carbide
(WC-W,C) or monocrystalline tungsten carbide (WC).
Figure 4 depicts a preferred method of preparing the nuggets 20 and the
10  weld rod 28. The tungsten carbide particles 22 and pieces of metallic cobalt
that become the matrix 24 are provided, numeral 40. The desired amounts of
these constituents, selected to yield the fractions discussed previously in the
final nuggets, are mixed together. A binder such as about 1.0 to about 2.5
percent by weight of wax is mixed together with the constituents. Portions of
.15 the mixture selected to yield nuggefs of about the desired size are shaped into
the form of the nuggets 20, numeral 44. Shaping is preferably accomplished
by tumbling or milling. The shaping time is selected to yield unsintered
nuggets within the desired aspect ratio range but of a size slightly larger than
the final sintered nuggets to account for shrinkage during sintering. There is
20  normally a range of aspect ratios and sizes in nuggets produced in this mamner,
which is preferred. |
The nuggets are sintered, numeral 46, preferably by liquid phase
sintering. In liquid phase sintering, the nugget shapes arc heated to a
temperature at which the metallic matrix material melts around the particles,
25  typically dissolving some of the particle material into the molten matrix
material. The nugget shapes can be sintered at atmospheric pressure, or under
a hydrostatic external pressure to reduce the fraction of voids present in the
final sintered nugget. This completes the preparation of the nuggets.
_ To form the weld rod 28, the-sintered-nuggets 20 are packed into the
30  tube 26, numeral 48, optionally with the continuous addition of loose metallic
material andfor loose particles into the interstices 30 between the nuggets 20.
The tube 26 can be continuously agitated to improve the packing of the nuggets
20 and the loose material in the interstices 30 so that the packing density within



-6- Figure 3. The weld rod 28 is prepared by packing a plurality of the
nuggets 20 into the tube 26, which is preferably nmade of steel. The tube 26
can be of any shape, size, and wall thickness, but is typically cylindrical
With an inner_di'ameter of from about 0.090 inches to about 0.210 i nches,

and an outer WO%/M2Mbet er of from about 0.120 inches to abouPCWUBSEMGsaIChes.
When the nuggets 20 are made by the tunbling process, they assune a range
of sizes.. The sintered nuggets can be graded by size using the sane sieving
and cIaSS|fy|ng techni ques used for powders. It is preferred to use nuggets
of different sizes when the tube 26 is fl||€§ wi th the nuggets, as this
approach results in a higher 1 density of packi thin th t ube than
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10  conical cutters 72 constitute a substrate 78 that is to be hard faced by the
appKMChcfﬂm5hnmmﬁum. '

The weld rod 28 is progressively melted and the weld metal so formed
is applied to the surface of the substrate, numeral 54. As shown schematically
in Figure 7, one end of the weld rod 28 is held adjacent to a surface 80 of the

15  substrate 78. The surface 80 is locally heated by a heat source 82 such as an
oxyacetylene or atomic hydrogen torch to a temperature sufficient to melt the
steel tube and the metallic material within the weld rod 28, forming a pool 84
of weld metal. The weld rod 28 and heat source 82 are moved in unison over
the surface 80, so that the pool 84 solidifies to form a hard-facing layer 86 at

20 locations where the pool 84 is no longer heated and solidifies, numeral 56.
More of the weld rod 28 is fed to the heated zone as it is moved laterally along
the surface of the substrate, continuously replenishing the pool at a new
location. The thickness of the hard-facing layer can be controlied by the
diameter of the weld rod, the rate of application, and the size of the weld pool,

25  but it is typically from about 0.030 inches to about 0.250 inches thick.

Figure 8 shows the microstructure of the hard-facing layer 86 and its
relation to the substrate 78. The weld deposit 86 comprises the nuggets 20
supplied in the weld rod 28. The nuggets 20 are embedded in a metallic layer
88 which is desirably primarily steel and the loose .material added to the

30  interstices 30 during preparation of the weld rod. The metallic layer 88 can
also include small amounts of tungsten carbide or cobalt dissolved out of the
nuggets. The amount of dissolved material depends upon the welding
technique and the characteristics of the nuggets themselves. The steel



intetrnetallic) material or particles, respectively, that are not sintered
into the nuggets 20, but are provided in an unsintered form "Loose
nmetallic material™ includes both netals and internetallic materials. These
| oose pieces of .netallic 25 material or particles fill the space

remai ni ng begesiishdse nuggets 20, to achieve a higher densit mfﬁ ng in
the interior of the tube 26 than could be otherw se attai nedly Sse,?%gise

nmetallic material can include netallics or internmetallics selected to act
as deoxi di zers during the subsequent wel ding process. For 30 exanpl e,
silico-manganese, ferro-nmanganese, or ferro-silicon pieces are preferably
added, in an anount of about 4 percent by meﬁbht of the total meight of the
wel d rod 28. A binder can also be filled into the interstices. 30.

bi nder is - 7-  preempoaptyof the metalliclayesf84p Ferplied from thedpeligd ‘%‘h%?é §Eﬁ1 bEs
to bind the deoxidiggfe d&old%ﬂm%f%%lﬁom%@&lﬂfs&ﬁt&% bihRelels d modified bgien POSI N

wei ght o the. wel d BebESBBther BSBHAS ISP SR ErbAE HEtRg, 75 b heF‘f“Bt&salﬁBm“'

repl ace sofe of t h%m&n&ai zﬁeml taﬁned bjflﬂxeumeﬂ’ﬁffmﬁomomhehmkﬂhclayer 88 and the

TR e TR 1 Bl b RN, KBl ont WA o bUAAGR ot 1
substrate 78 is locally altered by the hard-facing welding technique.

The interdiffusion of the modified region 90 is desirable, because it aids
in bonding the hard-facing layer 86 to the substrate 78, but the heat-affected
zone of altered microstructure may be undesirable because it may render the

10  substrate more susceptible to fatigue and other mechanisms of premature
failure. The interdiffusion can be increased and the heat-affected zone removed
by an optional heat treatment, numeral 58. In such a heat treatment for the
preferred case, the substrate is heated to a temperature of above the

 austenitizing temperature of the substrate for 2 minimum of four hours and

15  thereafter cooled to ambient temperature.

In a most preferred approach, sintered nuggets having a composition of
about 92-93 percent by weight tungsten carbide, with the balance cobalt are
packed inside a steel tube having an inner diameter of from about 0.090 inch
to about 0.130 inch, and an outer diameter of from about 0.120 inch to about

20  0.160 inch to form the weld rod. About 4 weight percent of the total weight
of the weld rod of a deoxidizer material such as silico-manganese is packed
into the interstices between the nuggets, to aid in weldability of the weld rod
material. The weld rod is progressively melted with an oxyacetylene torch to
apply a hard-facing layer about 0.080 + 0.015 inch thick on the surface of the

25  substrate. The substrate and hard-facing layer are thereafter optionally heat
treated by the austenitizing treatment discussed above.

Comparative testing has been conducted between the present hard-facihg
approach and several industry-standard hard-facing techniques. In the standard

. approaches, the weld rod includes one of several knowsi forms of tungsten
30  carbide particles in a steel tube. Such forms include crushed tungsten carbide

particles that are irregular in shape and spherical ball-type pellets of sintered

tungsten carbide and irregular monocrystals of tingsten carbide. .The

composition of the forms can vary from WC-Co to WC-W,C to WC. Hard-



For exanpl e, sonme of the nuggets could be replaced with cast tungsten
carbide (WC-Werr]C or nonocrystaline tungsten carbide (WC). Figure 4
depicts a preferred nmethod of preparing the nuggets 20 and the 10 . weld
fod 28. The turigsten carbide particles 22 and pieces of netallic cobalt
that becone W@P6[36206i x 24 are provided, nuneral 40. The desiprO¥dIsssnsasy s of
these constituents, selected to yield the fractions di scussed previously in
the final nuggets, are mxed together. A binder such as about 1.0 to about
2.5 percent by weight of wax is mxed together with the constituents.
Portions of 15 the mixture selected to yi el® nuggets of about the d65| red
size are shaped into the formof the nuggets 20, nunmeral 44. Shaping i
preferably acconpl fasingdlaygrst weas| applied rtonstes]; supstrates by Hhe isamet welden ysing P

sel ected to yield Hfl&{a?gx ﬁgfén%agb]?&hﬂ phgeefie'ed finifRACAy Vahtioh AdN0°

but of a size sllg ar ger |na S|n t ered nuggets’to account
for shrinkage duri tvgﬂuglappbcfattﬁgprq%éu@ i wmomm&ﬂg@ﬂbﬁle@gm@&
rati os and sizes i gmegﬁsgﬁ&@ua | ng,hués ¢ hardabing' gk
The nuggets-are si re pr ”T? ui d_phase sintering.
In 1iquid phas@ sif® s@ﬂ‘i"ﬁg iy %&‘F‘g‘ 9%8%% at

which the netal |l i ciwigdagp r&ch&gwmmotmmdo dbrasiGrendin ﬂﬁ%sm G65 Dry
mter el ?LZS‘SLEQS%@%;%@ n, 1% SV ap P Piepioms ST ot i sl

under a hydrostati ap;n'ua@fuapre{hcasgﬂlesetmapdimamdwﬂwdmht mm;uﬁems.l Ktsthis

ﬁLSSZ?; in the Tingly 9 b6k Phddt Bilites agiihst the TR ShécTmbd) Swithl §RBAAGN A Foble t hE
. 10 applied between the wheel and the specimen. Dry sand is introduced between

the wheel and the specimen. The specimen is weighed before and after a

period of abrasion, and the weight loss is converted to an average adjusted

‘volume loss (AVL). The lower the AVL, the better the performance of the

specimen. In the present case, the hard-faced layer was abraded by using the

15 ASTM G65 test. For specimens hard faced with the known hard-facing rod

using mixed types of tungsten carbide (crushed sintered, cast, monocrystal), the

AVL was in the range of 11.7 to 18.34. For specimens hard faced with another

known hard-facing rod using crushed sintered tungsten carbide only, the AVL

was 13.75. Specimens hard faced using the preferred approach of the invention

20  exhibited an AVL of 9.22. Thus, the approach of the invention yields a 10 to

40% improvement in the performance of the hard-faced substrate in the dry

sand abrasion test.

The reasons for the improved results obtained with the present approach

are not known with certainty, and the observed improvement is not dependent

25  upon the correctness of any explanation of the improvement. It is believed that

a number of factors contribute to the improvements, and these factors will be

addressed briefly in relation to the preferred embodiment although they are

thought to apply to other embodiments as well. The relative ratio of tungsten

carbide particles and cobalt matrix can be-varied within the preferred range.

30 When the cobalt content is relatively low, as about 6 percent by weight of the

nugget, the hard-facing layer is more wear resistant than when the cobalt

content is relatively high, as about 14 percent by weight of the nugget. On the

other hand, when the cobalt content is relatively low, the hard-facing layer is



To formthe weld rod 28, the sintered-nuggets 20 are packed into the 30
tube 26, nuneral 48, optionakly with the continuous addition of | oose

netallic material and/or |oose particles into the interstices 30 between
t he nuggets 20., The tube 26 can be continuously agitated to i nprove the

packi ng of t ts 20 and the | oose material in the int | 0 so
that the pac‘Elsr?gH%gﬁsi ty within -8- the tube is increasegi‘?}gjsgaﬁzﬁ?ﬁ gh a

| evel as possible. The ends of the tube 26 are seal ed, nuneral 50, as by
melting or crinping together the ends, so that the contents is retained
within the tube, Figure 5 depicts a nethod efl-applying a hard surface
coating onto a 5 surface of an article, terned "hard facing"” the article.
A substrate whose lesstoaglthan wthen e doballl comtentds relatpretwhighd The mistivel antciints

el udes. ¢ hr e conpupeitif bl P bdeal e b vindito b8 parliia: Giftdond .
72 have teeth 76 esf propenigs fauired far sperifigtapplications.ecof . The teeth 76 and,
sUbstrate 76 that s torpo poryyekied, SRR biaAERRO B Ml e
vel d rod 28 i s%roﬂl@%%?ﬁﬂ&?“%éﬂﬁ%ﬂx{ﬂi‘d’%@%ﬂ depsify within:the weld rod. i i ed
to the surface of high reltieé Gaisity of Ui weld foll infurs Bemibees erbbidakeéliability
and a more dense hard-facing layer. The ability to control the sizes of the
nuggets and to use a range of nugget sizes in the weld rod also is a
contributing factor to the improved properties. Lastly, the porosity sinter
10  condition of the nugget controls the structure of the particle after being weld
deposited, to prevent excessive melting.
Although a particular embodiment of the invention has been described
in detail for purposes of illustration, various modifications and enhancements
may be made without departing from the spirit and scope of the invention.
15  Accordingly, the invention is not to be limited except as by the appended
claims,



in Figure 7, one end of the weld rod 28 is held adjacent to a surface 80 of
the 15 substrate 78. The surface SOMﬂmﬂuEI"mmEﬂiﬂ'f by a heat source 82
such as an oxyacetyl ene or atom c hyd enperature |

sufficient to_melt the steel tube and fhe®netalli ¢ miterial within the weld
rod 28, formi NG #3¢MBI 84 of weld metal. The weld rod 28 and Prwmsosssasice 82
are noved in unison over the surface 80, so that the pool 84 solidifies to

forma hard-facing |layer 86 at 20 | ocat i ong2where the .pool 84 is no
| onger heated and solidifies, nuneral 56. More of the weld rod 28 is fed to

the heated zone as it is nmoved |l aterally aChAfMShe surface of the
substrate, continuously replenishing the pool at a new | ocation. The

t hi ckness of the hard-facing |ayer can be controlled by the dianeter of the
wel d rod, the rateWhatdpplaimed ison, and the size of the weld pool, 25 but
it is typically fromabout 0.030 inches to about 0.250 inches thick. Figure
8 shows the mcrostructure of the hard-facing |ayer 86 and its rel atlon to
the substrate 78. The wdi d ddpouticlegd mgnplariyes qomprisinggemyges fommpd iafe i n

the veld rod 28. TG&t&b@ﬂﬁhﬁr@& @ﬁhﬁm& phrficRs BRibeddddGn e eI SnatkikC h
Is desirably primarily ste andth : erlal added to the 30
i nterstices 30 Mur theavggeh ‘5!‘86#" s(bSPeThe metallic | ayer 88

can al so include snmall amounts of tungsten carblde or cobalt di ssol ved out

of the nuggets. The angunt d|.s oI end on the wel dj ng
techni que and the chara terlg{"? ﬁiﬁﬁg‘g’féﬁmﬁﬂ% aﬂfé sﬁ’%se?nd
a minor axis, and wherein the ratio of the length ofthgmajoraxlstothelength
of the minor axis is from about 1.2:1 to about 3.5:1.

3. The article of claim 1, wherein the nugget has a major axis
10  having a length of from about 0.005 inches to about 0.055 inches.

4. The article of claim 1, wherein the nugget has a smooth, rounded
exterior surface.

5.  The article of claim 1, wherein the arficle comprises a plurality
of nuggets.

15 6. The article of claim 5, wherein each nugget has substantially the
same size, shape, and composition.

7. The article of claim 5, wherein the nuggets include at least two
sizes and shapes.

8. The article of claim 5, wherein the nuggets include at least two
20  compositions. '

9. The atticle of claim 5, wherein the article further comprises a
steel tube surrounding the plurality of nuggets.

[
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-9- conponent of the metallic |ayer 88—+ssupptied fromthe nelted tube 26

-and- by -sone di-ssol ution of steel from There is a nodified .
region 90 between the hard-facing Ia’yel:l Em ]“lﬁ“ﬂa trate 78 that
i ncl udes sone interdiffused netal for y thewingerdi ffusion of the

nmetallic la d the 5 substrate 78 and al so a heat - one
X g FeLBSi gt

wherein the ucture of the substrate 78 is locally a y 't he
har d-faci ng wel ding techni que. The interdiffusion of the nodified region 90
Is desirable, because it aids in bonding thejhard-facing |ayer 86 to the
substrate 78, but the heat-affected zone of altered mcrostructure nmay be

]lgnflesi rab'g bfﬁause iL Ty rqnfé%ﬁélb%tfléiain% Qyt%ﬂ{&éﬁQﬁéf%&tlélfgﬁ??té&ﬁﬁﬁs@
atl gue an (6] er necnani sns. o0 pre ure al,lure, e.l e | ugli on can
be increased and t fRddiionalherd, sopwgtalliciaoseaarticles ‘BV“";N" ?Bi\‘é?m)ﬁ@ puggets.

treatnent, numeral 58. In such a heat treatment for the preferred case, the
substrate is heated to te rature af .aboye t.he.auysteniti zi t enper at ure
of the substrate for a ﬁilni gﬁﬁ?d‘fn‘fl&?? ‘H‘E}H’ré’ W%L{ﬁ? ﬁ&%ﬁﬁ%c@ﬁ%ﬁo
anbi ent t enper at ur additional metalliconsttsalrmiked prittotheiplurslityt efrmeggetsgget s havi ng -
a conposition of about 92-93 percent by weight tungsten carbide, with the
bal ance cobalt are packed inside a steel tube having an inner dianeter of
from about 0.09D inch t d2abolhe @rticde of rplsim 3, wherein the nonmetalicepartitles rapen

about 0.120 inch t tcaghide. 0. 160 inch to formthe weld rod. About 4
wei ght percent of the total weight

13.  The article of claim 1, wherein the metallic matrix is cobalt.

14.  The article of claim 1, wherein the mixture comprises from about
4 to about 20 weight percent cobalt, balance tungsten carbide.

10 15.  An article of manufacture, comprising:
a steel tube closed at the ends; and
a phurality of nuggets within the steel tube, each nugget being formed
of a sintered mixture of generally ellipsoidal, hard, nonmetallic particles
embedded in a metallic matrix

15 16. A method of hard facing an article, comprising the steps of:
providing an article having a substrate surface that is to be coated with
a hard facing;
providing a hard-facing rod, the hard facing rod comprising a plurality
of generally ellipsoidal nuggets in a steel tube, each of the nuggets comprising
20  asintered mixture of hard, nonmetallic particles embedded in a metallic matrix;
progressively melﬁng the hard-facing rod to form weld metal; and
applying the weld metal to the substrate surface and solidifying the weld
metal in contact to the substrate surface.

17.  The method of claim 16, wherein the step of providing an article
25  includes the step of providing a rock bit.

18.  The method of claim 16, wherein the step of providing includes

This Sheet Hyg Been
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of the weld rod of a deoxidizer matertat—such as sSilico-nmanganese i s packed
into the interstices between the nu | dability of the weld
rod material. The weld rod |s progr gnmemm“m"m th an oxyacetyl ene
torch to apply a hard-facing | ayer aboutc 0086 015 inch thick on the
surface of twe9BB6206substrate. The substrate and hard-f aci nFCrA$e§0631c
thereafter optionally heat treated by the austenitizing treatnent discussed
above. Conparative testing has been conduct egifpetween the present

har d-f aci ng approach and several industry-standard hard-facing techni ques.
In the standard appg, ggg,g%f the weld rod includes one of several known
forms of tungsten 30 ar bi de partlcle in a steel tubp Sych, forns

i ncl ude crushed tungst erPEBFBIESR gﬁstgggqtq:pagar EWWF@@&I“QP"W’ Lshape and
spherical ball-type pel li%hamgfthsmﬁkmﬁuéuﬂ@m;mds dEmﬁﬁ!;;iandr egul ar

nonocrystal s of tungsten car b| The the forms can vary
fromWC-Co to W Werr] G dai-s%axpagﬁltq.' TR BP&ESher ¢ applied to
steel substrates by the sane vvel der using a conventional oxyacetylene
application progedure t o]
procedure. The %ard facﬁr?nlg;ﬂgfﬁgﬁpéfﬁg%mtl?h{% regéﬂ%f%g‘%ﬁg w%des
nmore dense, W th | cthe additiopakstepstofan t he hard- faC| ng layer 5 obtained
using the i ndust ry- st andgps Wilehinserka nulPs WK fbob@fionRid A¥REA Ghat he

placing the mixture of sintered nugget and loose metallic material into

a steel tube.

eplaced
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two approaches were tested for resistance to abrasion using the ASTM G5

Dry Sand Abrasion Test, which has been previously established as a reliable

approach for predicting the service performance of rock bit components. In
this test, a rubber wheel rotates against the test specinen, with a
controlled f appl i ed between the wheel and the speg] . Dry sand
IS introduceghg§$§ggn t he wheel and thfd; eci men. The speciﬁgﬁﬁﬁgamggbhed
before and after a period of abrasion, !dn# the weight |loss is converted to
an average adjusted volunme |oss (AVL). The |lower the AVL, the better the
performance of the specinmen,ln the present case, the hard-faced | ayer was
abraded by using the 15 ARIM G55 test. For specinens hard faced with the
known hard-facing rod ugf ed_t ypes of tungsten carbide (crushed .
sintered, cast, nonocrysty he AVhwas in the r 11, 7 to 18. 34.
For specinmens hard faced 't anot ber PO T prei gd fusing crushed
sintered tungsten caybida ofily, e AVL 13.75." Speci nens hard faced
[ of "t he irAventi on 20 exhi bited an AVL of
t he 'nvention‘yke a 10 to 40% i nprovenent in
acgd substrat®e in tNoe dry sand abrasion test.

I
the performance .of th
The reasons for the inpreyed ®eaults obtaine i \h the present approach are
not known with certainty, d the obserjved yzgrgvemga LS not dependent 25
upon the correctness of an | anatj on' of hé\ig} DV nt. It is believed
that a nunber of factors coftri e i npLd ts, and these factors

W Il be addressed briefly in relathon to the pref ’ZEd enbodi nent al t hough
they are 2
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t hought _to apply to other enbodinents as well. The relative ratio of
tyngsten carbide particles and cobalt matrix can be varied within the
preferred range. 30 When the cobalt content is relatively |ow, as about 6
per cent - by mg%g&hgﬁg t he nugget, the hard-facing |ayer is nore wear
resistant th the cobalt content .is relatively high, FCTARS6R631
percent by wei ght of the nugget. On thgpt‘pe'r hand, when the cobalt content
is relatively low, the hard-facing |ayer is -11- | ess tough than when
the cobalt content is relatively high. The relative anmounts of tungsten
carbide and cobalt can be varied to produce particul ar conbi nati ons of
properties required for specific applications. The snoothly curved,
generally ellipsoidal n 1. The 5 shapes of the nuggets |ead
to a high packing densify within thelweld rod. The high relative density of
the weld rod i turn contributes to petter weldability and a nore dense

har d- f aci ng léit Tje abilityy to coptrol the sizes of the nuggets and to
use ,a range of "nu gék sizes ijn the weld rod also is a contributing factor
to the inproved proﬁ%rtLps. Uastly, the porosity sinter 10 condition of

t he nugget controls trugture of{the particle after being weld
deposited, to pre eny Kpessijve neltj ng. Al though a particul ar enbodi nent
of the invention maqa gr dedcri bed

77
OF MIXTE,

k"l
Q §§ o
QX4 ghé“
lﬂggqﬁg
N
|
S
NaN ™~ Ny
R y '
38R | 2
| s | "
RIN
M 3 0N
g o |
N ¥
» N
\y N
AN e
SR R
Y
W T

SUBSTITUTE SHEET (RULE 26)



in detail for purposes of illustration, various nodifications and
eRhancenments may be made wi t hout departlng fromthe spirit "and scope of the
i nvention. 15 Accordingly, the invention is not to be limted except as

by the appended cl ai ns. CLAI M5 1. An article of manufacture,
conpri si ng awﬂaﬂﬂ‘é?‘for med of a sintered mxture of hard, nEFR@SEEY
particles enbedded in a netallic matri he- nugget haV|ng a generally

el 1i psoi dal shape wherein the nugget ras maj or axis and a mnor axis, and
Wherein the ratio of the length of the major axis to the length of the
mnor axis is fromabout 1.2:1 to about 3.5:1. 2. An article of

manuf acture, conprising: a steel tube closed at the ends; and a plurality
of nuggets within the steel tube, each nugget conprising a sintered m xture
of hard. nonnetallic particles enbedded in a netallic matrix, each nugget
havi‘'ng a generally ellipsoidal shape wherein the hugget has a major axis
and a mnor axis, and wherein the ratio of the length of the najor axis to
the, ength of the mnor axis is fromabout 1..2:1 to about 3.5:1. 3. The
article of claim1 or cl@mm2,—wherermthe nugget has a major axis haV|ng a
| ength of from about 0.005 inches to apout 0.055 inches.

N
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4. The article of any of clains 1-3, wherein the nugget has a snooth,
rqunded exterior surface. 5. The article of claim1, wherein the article
conprises a plurality of nuggets. 6. The article of claim2 or elaimb,
wher ei n each nug%%et has substantially the sane size, shape, and

cdnposi ti on. PPIP620¢,0 article of claim.2 or claimb5, whereiBCHPR6REIBYet s
include at least two sizes and shapes.4% 4 = The article of claim2 or

claimb5, wherein the nuggets include at | east two conpositions. 9. The
article of claim5, wherein the article further conprises a steel tube
surrounding the plurality of nuggets. 10. The article of claim2 or claim

9, wherein the article further conprises ad&éior‘% hard, nonnetallic |oose
particles mxed with the plurality of. 4 s he article of claim?2
or claim9, wherein the article further conprr¥ altli tAqpal netallic

mat €rial mxed with the plurality of Mot 27 ’icle of any of
clains 1-11, wherein the ngnnetal |ic pNEells o OIS i

The article of any ofFﬁGE.l :
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14. Tﬁe ar t--%:C'
from abouyél
15. A mz*t:,ljod

an articl

o
faci ng; {protidi

: i13 wherei n each nugget econprlses

i

n aﬁiubs; Lat e Si J

ny cg that is to be coated with a hard
g a Rard-THcing r'e

L the hard facing rod conprising a
eaaf2 of the nuggets conprising a

pluralitly AN 7% ek ﬂg@
si nt er ec n&ﬁﬂfgﬂﬁﬂ%’rﬁfﬂ Zﬁmn‘ELaL.LJ.E particles enbedded-in-a netallic
matri x, wherein each of t he nuggets has a major axis and

nor axi s,
wherein the ratio of the length of the magjor axis to the B’ Itw“"” m
I N Is is fromabout 1.2:1 to about 3.5:1; progreSS|

m nor axi s

hard-facing rod to formweld netal; and applying the weld netal to t he
substrate surface and solidi-fying theugsmetal in contact to the
substrate surface. 16. The met hod of claim 15, wherein the step of
providing an article includes the step of providing a rock bit. 17. - The

method of claim L5 orAsi astigle1ef mepufacturs, cREIPSSIG »nuggesframedof asintened t he
steps of prapdtueaf lﬁrdmbﬂmemlitfpatwmmbtddedhlmetanrdmm&ns&mmdggalhaimg -

form ng the, eﬂ1€§ %del R38h #5H miRerEd AW A8 4nd 5 A8
SRR i oo it 3w < s < g

gbout 1.2:1 to about 3.5:1.

2. An article of manufacture, comprising:

a steel tube closed at the ends; and

a plurality of nuggets within the steel tube, each nugget comprising a sintered
mixture of hard, nonmetallic particles embedded in a metallic matrix, each nugggg'
having a generally ellipsoidal shape wherein the nugget has a major axis and a minor
axis, and wherein the ratio of the length of the major axis to the length of the minor axis

“is from about 1.2:1 to about 3.5:1.

3. The article of claim 1 or claim 2, wherein the nugget has a major axis

having a length of from about 0.005 inches to about 0.055 inches.

4. The article of any of claims 1-3, wherein the nugget has a smooth,
rounded exterior surface.

5. The article of claim 1, wherein the article comprises a plurality of
nuggets.

6. The article of claim 2 or claim 5, wherein each nugget has substantially
the same size, shape, and composition.

7. - The article of claim 2 or claim 5, whereln the nuggets include at least two
sizes and shapes. -

8. The article of claim 2 or claim 5, wherein the nuggets include at least two
compositions.

9. The article of claim S, wherein the article further comprises a steel tube

|
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-14- 18. The methodof cttairmi#—wherein the step of providing includes

t he additi onal e sintered nugget with | oose netallic
materi al; and psﬁﬂm "I"tl!l,mgg .of sintered nugget” and | o®§PLAOEMENT SHEET -
material into a ste The nethpd of any of clains 15-18, wherein
the step of providing includes the step of providing nuggets each having a
| ength of from about 0.005 inches to about 0.055 inches. 20. The nethod of
any of clains 15-19, wherein the step of providing includes the step of
provi di ng nuggets each having a snooth, rounded exterior surface. 21. The
met hod of any of clains 15-20, wherein the step of providing includes the
step of providing nuggets each having substantially the sane size, shape,

‘and conposi surmunditg. the phiralitywifnaggeas. any of clainms 15-21, wherein the step
of providing includes the step of providing, in the plurality of nuggets,

nugget s haV| "9 3o, | 2 fhe Setfdie ofz c‘?axmaf or claim 9, wherein the article further comprises
additional hard, nonmetallic loose particles mixed with the plurality of nuggets.

11.  The article of claim 2 or claim 9, wherein the article further comprises
additional metallic material mixed with the plurality of nuggets.

12.  The article of any of claims 1-1 1, wherein the nonmetailic particles are
tungsten carbide. '

13.  The article of any of claims 1-12, wherein the metallic matrix is cobalt.

14.  The article of any of claims 1-13, wherein each nugget comprises from
about 4 to about 20 weight percent cobalt, balance tungsten carbide.

15. A method of hard facing an article, comprising the steps of:
providing an article having a substrate surface that is to be coated with a hard
facing; -

providing a hard-facing rod, the hard facing rod comprising a plurality of
nuggets in a steel tube, each of the nuggets comprising a sintered mixture of hard,
nonmetallic particles embedded in a metallic matrix, wherein each of the nuggets has
a major axis and a minor axis, and wherein the ratio of the length of the major axis to
the length of the minor axis is from about 1.2:1 to about 3.5:1;

progressively melting the hard-facing rod to form weld metal; and

applying the weld metal to the substrate surface and solidifying the weld metal
in contact to the substrate surface,

_16.  Themethod of claim 15, wherein the step of prov1dmg an artlcle mcludes
the step of previding a rock bit.

17.  The method of claim 15 or claim 16, wherein the step of prowdmg
includes the steps of

~ preparing a mixture of tungsten carbide particles and cobalt;
- forming the mixture into an ellipsoidal-shaped mass; and
sintering the ellipsoidal-shaped mass to form a nugget.
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shapes. 23.  The method of any of claims 15-22, wherein the WP&G‘EW‘ENT SHEET

providi ng incl ude Bw di ng, | n the plurality of nug
nugget s havi ng at ﬂ“!m mm“m itions. The net hod of any of cI ai ns
15-23; wheérein the*st&p 'of "rdvi di ng |ncludes the step of providing

addi tional hard; nonnetallic |oose parjigclLes mxed with the plurality of
nuggets, in the weld rod. .25.. The nmethod of any of clains 15-24, wherein
the step of providing includes the step of provi ding particles
conpri sing tungsten carbide. 26. The net hod of any of clains 15-25,
wherein the step of providing includes the step of providing cobalt as the
metallic matrix. 27. The method of any of clainms 15-26, wherein the step of
provi di ng i ncl ud8s t Adesmethodfofmiaim_8iV,nyherein thegep of grovidingrinciudeotiie 4 t o
about 20 \A@aaalﬁbnﬂegtgﬁruf cobal t, bal ance tungsten car bi de.

' mixing the sintered nugget with loose metallic material; and

placing the mixture of sintered nugget and loose metallic material into a steel

tube.

19.  The method of any of claims 15-18, wherein the step of providing
includes the step of |

providing nuggets each having a length of from about 0.005 inches to about
0.055 inches.

20.- The method of any of cla:ms 15-19, wherein the step of providing
includes the step of
' providing nuggets each having a smooth, rounded exterior surface.

21.  The method of any of claims 15-20, wherein the step of providing
includes the step of

providing nuggets each having substantially the same size, shape, and
composition.

22.  The method of any of claims 15-21, wherein the step of providing
includes the step of _
- providing, in the plurality of nuggets, nuggets having at least two sizes and
shapes.

23. The method of any of claims 15-22, wherein the step of providing
includes the step of
providing, in the plurality of nuggets, nuggets having at least two compositions.

24.  The method of any of claims 15-23, wherein the step of providing
includes the step of

providing additional hard, nonmetallic loose particles mixed with the plurality
of nuggets, in the weld rod.

-25.  The method of any of claims 15-24, wherein the step of providing
includes the step of
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_providing particles comprising tungsten carbide.

26.. The method of any of claims 15-25, wherein the step of providing
includes the step of providing cobalt as the metallic matrix.

_27.  The method of any of claims 15-26, wherein the step of providing
includes the step of ,
providing the nugget having from about 4 to about 20 weight percent cobalt,
balance tungsten carbide.
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