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Fix Lowest Row of Microwave Sintered Tungsten Carbide 
Tiles in Place On A Mandre With A Sacrificial Adhesive 102 

PreSS-fit Mold Onto Mandrel 104 

Load Remaining Carbide Tiles Through Funnel 106 
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Through Funnel 108 

Place Flux Powder On Top In The Funnel Area 110 

Add Braze To The Funnel 112 

Add Flux POWCler TO COver Braze 114 
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CARBIDE WEAR SURFACE AND METHOD 
OF MANUFACTURE 

BACKGROUND 

0001 Tools used in connection with drilling of oil and gas 
wells are subject to considerable abrasion and wear during 
use. For example, mud-lubricated radial bearings used as drill 
bits, rock mills, mud motors, are subject to highly abrasive 
particles found in drilling fluids and frequently require 
replacement. Metal carbides, particularly tungsten carbide 
(WC), are used to form a bearing or wear surface for down 
hole tools because of their desirable properties of hardness, 
toughness and wear resistance. There are a number of differ 
ent methods for applying tungsten carbide to a Substrate or 
Support to form a wear Surface for a bearing. 
0002 Conforma CladR), a brazed tungsten carbide clad 
ding, sold by Kennametal, is one example of a tungsten car 
bide wear surface that can be used for bearings. Examples of 
commercially available products with Conforma Clad(R) wear 
Surfaces include radial bearings used in downhole mud 
motors. These tungsten carbide clad Surfaces are fabricated 
by overlaying a Surface of an object to be clad to form a wear 
Surface with a cloth containing tungsten carbide powder, 
mixed with a binder, and then laying on top of it another cloth 
containing a braZe alloy before Subjecting the part to heating 
to melt the binder phase and the braze. 
0003. Another method, described in U.S. Pat. No. 4,719, 
076, uses a blend of macro-crystalline tungsten carbide pow 
der and cemented tungsten carbide cobalt chips to create a 
hard wear surface on a radial bearing. The mixture described 
in U.S. Pat. No. 4,719,076 is comprised of sixty percent by 
weight of 80 mesh macro-crystalline tungsten carbide, com 
mercially available as the Kennametal product called P-90, 
and forty percent by weight of cemented tungsten carbide 
cobalt crushed chips with a mesh size of 10/18. The percent 
age of weight oftungsten carbide cobalt chips is from forty to 
eighty percent by weight. To create a bearing Surface, a steel 
blank is surrounded by a graphite mold and the blended 
mixture of macro-crystalline tungsten carbide and cemented 
tungsten carbide chips is loaded into a cavity created between 
the steel blank and graphite mold. After the mold contents are 
vibrated to achieve maximum density of the blended mixture 
tungsten powder, copper based infiltrant is then placed in a 
funnel shaped ring formed around the top of the mold. The 
mold is then heated to 2050 degrees Fahrenheit, plus or minus 
25 degrees Fahrenheit, by induction heating, causing the cop 
per infiltrant to melt and infiltrate the heated powder mixture 
in the cavity through capillary action. Once infiltrated, it is 
slowly cooled to room temperature. After cooling, the parts 
are machined to specific dimensions by grinding. 
0004 Cemented tungsten carbide is one example of a hard 
composite material fabricated by mixing together a powder 
formed of particles of a carbide of one of the group IVB, VB, 
or VIB metals, with a metal binder in powdered form, press 
ing the mixture into a desired shape to form a “green part.” 
and then sintering the green part to cause the binder to melt 
and thereby form an agglomeration of carbide particles 
bonded together by the metal binder phase. The binder mate 
rial is typically comprised predominantly of cobalt, nickel, or 
iron, and alloys of them. The most common example of a 
cemented metal carbide composite used in downhole appli 
cations is tungsten carbide (WC) with a cobalt binder. 
0005 Microwave sintering of metal carbides with a metal 
alloy as a catalyst or binder phase material is described in 
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several patents, including U.S. Pat. Nos. 6,004.505, 6.512. 
216, 6610241, 6805835, all of which are incorporated herein 
by reference. In a microwave sintering process, loose grains 
of metal carbide, which constitute a metal carbide powder, 
and a metal binder powder are combined to form an homog 
enous mixture, which is then shaped or formed into a “green' 
part that has very near the dimensions and shape of a desired 
cemented metal carbide part. The green part is formed, for 
example, by compacting the carbide and binder powders into 
a mold by cold pressing. It may also be precast with a sacri 
ficial wax if necessary. One example of a metal carbide is 
tungsten carbide. The metal binder that is typically used is a 
metal alloy containing about 80 to 100 percent cobalt. Addi 
tional materials can also be added to the mixture. The green 
part is then sintered using microwave radiation to heat the part 
to a point that is below the melting temperature of the metal 
carbide, but high enough to cause the metal binder to melt 
throughout the matrix of metal carbide grains, resulting in the 
particles of carbide fusing or adhering to one another to 
thereby form a single, Solid mass. Microwave heating short 
ens sintering times. Shorter sintering times result in less 
chemical and phase change in the metal binder, which is 
typically cobalt or an alloy containing cobalt. More even 
heating is also possible, which results in more uniform 
shrinkage of the part and more uniform distribution of the 
binder during cooling. Shorter sintering times also result in 
Smaller changes in the size of the grains. Smaller changes in 
the grain size result in more predictable and consistent car 
bide grain structures. Microwave sintering also allows for 
uniform cooling after sintering, which allows for better man 
agement of stresses within the part and better phase control of 
the metal binder. A microwave sintered metal carbide part 
typically possesses higher modulus of elasticity, yield 
strength, and impact strength and greater thermal and electric 
conductivity as compared to a part having the same starting 
materials sintered using conventional HP/HT and HIP meth 
ods. 

SUMMARY 

0006 An article having a wear surface with improved 
wear characteristics comprises, in one example, a steel Sup 
port to which is bonded a metal carbide composite wear 
Surface made by first arranging, within a cavity defined 
between a mold and the steel Support, tiles made of cemented 
metal carbide, closely packing the voids between the tiles 
with spherical metal carbide powder, and infiltrating the mold 
cavity with a metal brazing alloy by subjecting the filled mold 
to rapid heating. In one embodiment, the heating lasts for a 
period of less than one hour. The brazing alloy fills voids 
between the spherical metal carbide particles, the cemented 
metal carbide tiles, and the metal support, thereby relatively 
rapidly consolidating the metal carbide into a wear layer 
bonded with the steel Support without Substantially damaging 
the properties of the microwave sintered metal carbide tiles. 
The mold is removed by machining or grinding it away, 
exposing the wear Surface, which then is machined and pol 
ished to desired dimensions. 
0007. In one exemplary embodiment, the mold is made of 
steel for enabling more rapid and even heating using an induc 
tion furnace. 
0008. A radial bearing of this type, made with tiles of 
microwave sintered tungsten carbide cemented with cobalt, 
and using a brazing alloy containing copper (Cu), nickel (Ni). 
and manganese (Mn), can have Substantially improved wear 
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characteristics as compared, for example, to one with a wear 
Surface made from a Conforma Clad tungsten carbide clad 
ding. Subjecting the mold to less than one hour of heating 
helps to preserve the properties of the microwave sintered 
tungsten carbide tiles by reducing diffusion of cobalt from the 
tiles into the brazing alloy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a flow chart representing certain steps of an 
exemplary process for manufacturing a radial bearing have a 
metal carbide wear surface. 
0010 FIGS. 2A, 2B and 2C are, respectively, perspective, 
top and cross-section views of a first example of a radial 
bearing made according to the method of FIG. 1. 
0011 FIGS.3A, 3B, and 3C are, respectively, perspective, 
top and cross-section views of a second example of a radial 
bearing made according to the method of FIG. 1. 
0012 FIGS. 4A and 4B are, respectively, perspective and 
top views of an example of the inner radial bearing shown in 
FIGS. 2A-2C, with a wear surface made according to the 
method of FIG. 1, and FIG. 4C is a cross section of FIG. 4B 
taken along section line 4C-4C. 
0013 FIGS.5A and 5B are, respectively, perspective and 
top views of an assembly of a mold and mandrel for making 
the inner bearing shown in FIGS. 4A-4C, and FIG. 5C is a 
cross section of FIG. 5B taken along section line 5C-5C. 
0014 FIGS. 6A and 6B are, respectively, perspective and 
top views of the example of an inner radial bearing shown in 
FIGS. 3A-3C, with a wear surface made according to the 
method of FIG. 1, and FIG. 6C is a cross section of FIG. 6B 
taken along section line 6C-6C. 
0015 FIG. 7A is a top view of an assembly of a mold and 
mandrel for making the inner bearing shown in FIGS. 6A-6C, 
and FIG. 7B is a cross section of FIG. 7A taken along section 
line 7B-7B. 
0016 FIGS. 8A and 8Bare, respectively, perspective and 
top views of the example of an outer radial bearing with a 
wear surface shown in FIGS. 2A-2C and made according to 
the method of FIG. 1, and FIG. 8C is a cross section of FIG. 
8B taken along section line 8C-8C. 
0017 FIGS. 9A and 9B are, respectively, perspective, and 
top views of an assembly of a mold and mandrel for making 
the inner bearing shown in FIGS. 8A-8C, and FIG. 9C is a 
cross section of FIG.9B taken along section line 9C-9C 
0018 FIGS. 10A and 10B are, respectively, perspective 
and top views of the example of an outer radial bearing shown 
in FIGS. 3A-3C, with a wear surface made according to the 
method of FIG.1, and FIG.10C is a cross section of FIG.10B 
taken along section line 10C-10C. 
0019 FIGS. 11A and 11B are, respectively, perspective 
and top views of an assembly of a mold and mandrel for 
making the outer radial shown in FIGS. 10A-10C, and FIG. 
11C is a cross section of FIG. 11B taken along section line 
11C-11C. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0020. In the following description, like numbers refer to 
like elements. 
0021 FIG. 1 describes a process 100 for fabricating a part 
of a radial bearing Suitable for a downhole application. 
Although the process is particularly advantageous for fabri 
cating a radial bearing having enhanced durability for down 
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hole applications, it could be adapted for fabricating wear 
Surfaces on other objects. Examples include bearings and 
wear Surfaces in construction, mining, or other equipment 
that have potential to expose a bearing or wear Surface to 
abrasive materials. FIGS. 2A-2C and 3A-3C illustrate two 
variants of one example of a semi-finished, two-piece, radial 
bearing suitable for a downhole application. The process will 
be described with reference to these radial bearings. 
(0022 Referring to FIGS. 2A-2C, radial bearing 200 
includes an inner bearing 202 and an outer bearing 204. Just 
the outer bearing 204 is capable of being used as a journal for 
a shaft, in downhole applications. However, with drilling fluid 
being used as a lubricant and coolant in Such applications, 
having wear layers on both surfaces will tend to reduce times 
between failures. The inner bearing is connected with a rotat 
ing shaft and the outer bearing is mounted within a housing or 
other element of the downhole tool. The outer diameter, or 
outer surface, of inner bearing 202 has applied to it a carbide 
wear layer 206 using process 100. Similarly, the inner diam 
eter or surface of outer bearing 204 has applied to it a carbide 
wear layer 208 using process 100. Carbide layer 206 forms an 
outer wear surface for the inner bearing, and carbide layer 208 
constitutes an inner wear Surface for the outer bearing. Micro 
wave sintered metal carbide tiles 210 can be seen arranged in 
a closely-spaced relationship within each wear layer, with the 
Volume between each of the tiles filled in with infiltrated, 
spherical metal carbide powder. 
(0023 Radial bearing 300 of FIGS. 3A to 3C is another 
example. It has an inner bearing 302 and an outerbearing 304. 
The outer diameter or surface of the inner bearing has applied 
to it a carbide wear layer 306, and the inner diameter of the 
outer bearing has applied to it a carbide wear layer 308. One 
difference, as compared to radial bearing 200 (FIGS. 2A-2C), 
is that the inner bearing 302 and the outer bearing 206 each 
include a lip 310 and 312, respectively, at each end that 
overhangs the respective carbide layers 306 and 308. 
0024. Referring back to FIG. 1, a first part of the exem 
plary process 100 involves placing tiles of a microwave sin 
tered, metal carbide composite material in a closely spaced 
arrangement on a steel mandrel—a cylindrically shaped 
body—as a first step to forming a wear Surface for a radial 
bearing. In one, preferred example, the tiles are microwave 
sintered tungsten carbide that is cemented using a cobalt 
alloy. However, other metals can be used as binders, including 
iron, nickel, and alloys of them. The mandrel forms or com 
prises a Support component for the carbide wear layers for 
either the inner or outer radial bearing and, as such, acts as a 
substrate for the carbide wear layer. An outer bearing is 
formed on the inner diameter of a hollow mandrel. An inner 
bearing is formed on the outer diameter of a cylindrical man 
drel, which may or may not be hollow. The mandrel used to 
form the inner bearing is made from a smaller diameter man 
drel. 

0025. These tiles are made by forming a green part con 
taining a mixture of metal carbide powder and a binder into 
the shape of the tile, and rapidly heating it using microwave 
radiation, thereby sintering the green part to form a tile made 
of microwave sintered tungsten carbide. A description of 
examples of such a process can be found in the patents refer 
enced in the background, above. One example of the metal 
carbide powder is tungsten carbide powder and one example 
is a cobalt alloy powder. 
0026. The tiles of microwave sintered metal carbide are 
made relatively thin and wide. They are, in this example, also 



US 2013/0182982 A1 

uniform in their shape dimensions with respect to each other. 
Each has a Substantially circular shape, Substantially the same 
diameter, and Substantially the same, uniform thickness. 
“Substantially the same” means that it is within acceptable 
manufacturing tolerances. Examples of diameters range from 
5 mm to 10mm, with thickness ranging from 0.5 mm to 3 mm. 
A circular shape is common and comparatively easily fabri 
cated with desired material characteristics. However, other 
shapes can be used. Furthermore, having tiles with a Substan 
tially uniform shape and dimensions provides certain advan 
tages in manufacture and is acceptable for radial bearings. 
However, tiles of more than one shape could be used, though 
uniform thickness is preferred. Optimum area and thickness 
of the tiles are determined in part by the curvature of the 
surface on which they are being placed. The tiles could be 
formed with a curved back and/or front surface that better 
approximate the curvature of the wear surface of the radial 
bearing. 
0027. At step 102, at least one row of cemented metal 
carbide tiles are affixed or attached to a steel mandrel using, 
for example, a sacrificial adhesive to hold them in place. 
These tiles may be affixed in other ways. For an inner bearing, 
the tiles are affixed to the outer diameter of the mandrel, and 
for an outer bearing, they are affixed to the inner diameter of 
a mandrel with a cylindrically shaped bore or hollow center. 
Step 102 is optional but helps to ensure correct arrangement 
of tiles that are subsequently loaded into a cavity formed 
between the mandrel and a mold by establishing a first row of 
tiles that are properly spaced and positioned, and that do not 
move. Once one or more initial rows of tiles are affixed, a 
mold is fit at step 104 onto the mandrel, so that the surface of 
the mandrel on which the wear surface will be formed faces 
the mold. For an inner radial bearing, the wear surface will be 
formed on the outer diameter of the mandrel, with the mold 
placed around the mandrel. For an outer bearing, the wear 
surface will be formed on the inner diameter of a mandrel 
with a hollow center or bore, with the mold being placed 
inside the hollow center. The mold is dimensioned so that a 
cavity is formed between the mold and the mandrel that is 
slightly greater than the thickness of the wear surface to be 
formed, the thickness of the cavity being just large enough to 
accommodate the tiles arranged around the Surface of the 
mandrel that the mold faces. 

0028. Additional cemented metal carbide tiles are then 
loaded at step 106 into the cavity by dropping them through a 
slot or opening at one end of the cavity, between the mold and 
mandrel. The tiles are generally loaded one row at a time, with 
tiles in a row partially resting in the spaces between tiles in the 
row below. The result is a relatively uniform arrangement of 
closely spaced tiles. Some of the tiles abut one another. How 
ever, some space between the tiles may exist due to, for 
example, slight differences in dimensions in the tiles or a 
mandrel with circumference that does not match the length of 
the row of abutting tiles. 
0029. At step 108, metal carbide powder is loaded into the 
cavity. The metal carbide powder is preferably spherical. 
Each granule or particle of spherical metal carbide powder is, 
as compared to, conventional macro-crystalline carbide, gen 
erally spherical in shape. Granules of macro-crystalline tung 
sten carbide, such as Kennametal(R) P-90, have shapes that are 
angular and irregular. The spherical metal carbide powder is 
preferably tungsten carbide. “Spherical granules are com 
paratively much more round and uniformly shaped, but not 
perfectly spherical or exactly alike. One example of spherical 

Jul. 18, 2013 

tungsten carbide is TEKMATTM spherical cast tungsten car 
bide powder. It is preferred that the mesh size of the powder is 
between 25 microns and 500 microns, as those sizes result in 
a more durable wear surface. The mold is shaken to cause the 
powder to flow down and around the tiles so that it fills and is 
well packed into the spaces or voids between the tiles. 
0030. A funnel in the slot or opening of the cavity is 
positioned at the top of the mold and mandrel assembly at the 
top of the circular slot. In one example, the funnel is integrally 
formed by the mold and the mandrel. In another example, it is 
a separate piece that is placed on top of the assembly of the 
mold and mandrel. If the funnel is in place on the top of the 
mold and mandrel assembly near the beginning of the pro 
cess—either because it is integrally formed by the mold and 
mandrel or it is a separate piece that is placed there—the 
funnel can assist with loading the metal carbide tiles and the 
metal carbide powder. However, it will be used primarily, if 
not entirely, for the purpose of holding nuggets or chunks of 
braze material, as well as flux, that will be used to infiltrate the 
tile and metal carbide powder matrix in the cavity of the mold. 
0031. As step 110, flux is added into the funnel at the top 
of the mold, followed by braze at step 112, and then more flux 
at step 114. 
0032. With the mold loaded with the cemented metal car 
bide tile and spherical metal carbide power, and the braze and 
flux loaded into the funnel, the mold is loaded into a furnace 
for heating at step 116. In one example the furnace is com 
prised of an induction coil. An alternative example is the 
molded bearing is placed in the center of the coil. Assuming 
that cobalt cemented tungsten carbide tiles made by micro 
wave sintering and spherical tungsten carbide powder are 
being used, the induction coil is operated at step 118 to cause 
the mold to heat rapidly to approximately 1900 degrees Fahr 
enheit (F) or 1000 degrees Celsius (C.) in an air atmosphere. 
The heating causes the braze to melt and infiltrate the matrix 
of spherical metal carbide powder and microwave sintered, 
cemented metal carbide tiles through capillary action and 
gravity. One example of a suitable braze is one made of nickel 
(Ni), copper (Cu), and manganese (Mn). The heating is com 
pleted at step 120 without damaging the properties of the steel 
mandrel or the metal carbide tiles. In the illustrated example, 
heating lasts less than an hour. By using a steel mold in 
addition to a steel mandrel, the induction heating is not only 
made more rapid, but also the resulting heating is more uni 
form. By heating the molded part for no more than one hour, 
properties of the microwave sintered tungsten carbide tiles 
tend not to be damaged and their integrity is better preserved. 
The shortened heating time for infiltration of the braze 
reduces inter-diffusion between the cobalt from the tiles and 
the brazing alloy. As an alternate induction heating, micro 
wave heating, using a microwave furnace, can be used to heat 
the mold. 

0033. Once heating is stopped, the mold and mandrel 
assembly are cooled uniformly to a temperature of less than 
100 degrees Celsius at step 122. The mold is then removed, at 
step 124, by machining, milling and/or grinding it away. Once 
the mold is removed, exposing the wear Surface, the wear 
Surface is machined, ground and polished to a Smooth Surface 
with predetermined dimensions at step 126, thus resulting in 
a finished bearing. During the finishing process, any braze on 
the surface of the tiles is removed, and the tiles are ground to 
give them a surface curvature. 
0034 FIGS. 4A-4C illustrate one example of an inner 
radial bearing 400 made with the process described above, 
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and FIGS.5A-5C illustrate mold 500 and mandrel 502 assem 
bly for fabricating a wear Surface on the inner radial bearing 
400. Inner radial bearing 400 is substantially the same as 
inner radial bearing 202 of FIG. 2. The inner radial bearing 
includes a cylindrical support 402, on which is formed a wear 
surface 404 made according to process 100 of FIG. 1. The 
cylindrical support 402 is made from a section of mandrel 
502, as indicated in FIG. 5C. Microwave sintered metal car 
bide tiles 406 form part of the wear layer matrix, along with 
spherical metal carbide, which surrounds the tiles. When 
mold 500 is press fitted to mandrel 502, as shown in FIGS. 
5A-5C, the mandrel and mold cooperate to define a cylindri 
cally shaped cavity 504 between the mold and the section of 
the mandrel that will form the cylindrical support 402 for the 
bearing, as well as circular funnel 506 that feeds into slot 508. 
The slot is an opening into cavity 502, through which tiles 
406, metal carbide powder are loaded, and through which 
melted braze enters the cavity, once the mold is heated, to 
infiltrate the voids formed by the matrix of powder and tiles. 
The funnel is formed between two walls. An integrally 
formed circular extension 510 of the mandrel forms an inner 
wall of the funnel 506. An outer wall of the funnel is formed 
by extension 512 of the mold 500. Extension 510 of the 
mandrel is removed during the finishing step 126 of process 
100 (FIG. 1). 
0035 FIGS. 6A-6C illustrate a second example of an inner 
radial bearing 600 that is made using the mold and mandrel 
shown in FIGS. 7A and 7B. The outer diameter of cylindrical 
bearing support 602 is clad with wear layer 604 made with 
process 100 (FIG. 1). Microwave sintered metal carbide tiles 
606 form part of the wear layer matrix, along with spherical 
metal carbide, which surrounds the tiles. Unlike the inner 
radial bearing 400 of FIGS. 4A-4C, bearing 600 has lips 608 
and 610 extending over each end of wear layer 604. FIGS. 
7A-7B illustrate an example of mandrel 700, a section of 
which will form the cylindrical bearing support 602, as indi 
cated in FIG. 7B, and a cooperating mold 702. When mold 
702 is press fitted to mandrel 700, the mandrel and mold 
cooperate to define a cylindrically shaped cavity between the 
mold and the mandrel, into which microwave sintered metal 
carbide tiles 606 and metal carbide powder are loaded 
through slot 704. A funnel 706 is formed above the slot for 
facilitating loading of the tiles and powder, and for holding 
braze that will be infiltrated into the matrix of powder and 
tiles in the cavity when heated. Unlike funnel 506 (FIGS. 
5A-5C), part 708 is placed on top of the mandrel to cooperate 
with the mold to form the funnel 706. An integrally formed 
circular section 709 of part 708 forms an inner wall of the 
funnel 706. An outer wall of the funnel is formed by extension 
710 of the mold 702. Part 708 is removed during the finishing 
step 126 of process 100 (FIG. 1). 
0036 FIGS. 8A-C illustrate one example 800 of an outer 
bearing made using the mold and mandrel of FIGS. 9A-C. 
Outer bearing 800 is substantially the same as outer bearing 
206 of FIG. 2, and can be used with the inner bearing shown 
in FIGS. 4A-4C in the manner shown in FIG. 2. The inner 
diameter of cylindrical bearing support 802 is clad with wear 
layer 804 made with process 100 (FIG. 1). Microwave sin 
tered metal carbide tiles 806 form part of the wear layer 
matrix, along with spherical metal carbide, which Surrounds 
the tiles. The cylindrical support 802 is made from a section of 
mandrel902, as indicated in FIG.9C. When mold 900 is press 
fitted to mandrel 902, as shown in FIGS. 9A-9C, the mandrel 
and mold cooperate to define a cylindrically shaped cavity 
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904 between the outer diameter wall of mold 900 and the 
section of the mandrel that will form cylindrical support 802 
of the bearing, as well a circular funnel 906 that feeds into 
circular slot 908. The circular slot is an opening into the top of 
cavity 902, through which tiles 806, metal carbide powder are 
loaded, and through which melted braze enters the cavity, 
once the mold is heated, to infiltrate the voids formed by the 
matrix of powder and tiles. The funnel is formed between two 
walls. An integrally formed circular extension 910 of the 
mandrel forms an outer wall of the funnel 906. An inner wall 
of the funnel is formed by extension 912 of the mold 900. 
Extension 910 of the mandrel is removed during the finishing 
step 126 of process 100 (FIG. 1). 
0037 FIGS. 10A-10C illustrate a second example 1000 of 
an outer bearing made using the mold and mandrel assembly 
shown in FIGS. 11A-11C. The outer diameter of cylindrical 
bearing support 1002 is clad with wear layer 1004 made with 
process 100 (FIG. 1). Microwave sintered metal carbide tiles 
1006 form part of the wear layer matrix, along with spherical 
metal carbide. Unlike the outer radial bearing 800 of FIGS. 
8A-8C, bearing 1000 has lips 1008 and 1010 extending over 
each end of wear layer 1004. FIGS. 11A-1C illustrate an 
example of mandrel 700, a section of which will form the 
cylindrical bearing support 1002, as indicated in FIG. 11C, 
and a cooperating mold 702. When mold 1102 is press fitted 
to mandrel 1100, the mandrel and mold cooperate to define a 
cylindrically shaped cavity between the mold and the man 
drel, into which microwave sintered metal carbide tiles 1006 
and spherical metal carbide powder are loaded through slot 
1104. A funnel 1106 is formed above the slot for facilitating 
loading of the tiles and powder, and for holding braze that will 
be infiltrated into the matrix of powder and tiles in the cavity 
when heated. Unlike funnel 906 (FIGS.9A-9C), part 1108 is 
placed on top of the mandrel to cooperate with the mold to 
form the funnel 1106. An integrally formed circular section 
1109 of part 1108 forms an inner wall of the funnel 1106. An 
outer wall of the funnel is formed by extension 1110 of the 
mold 702. Part 1108 is removed during the finishing step 126 
of process 100 (FIG. 1). The finishing step includes removing 
part of the mandrel to arrive at the support 1002 as shown in 
FIGS 10A-10C 

0038. The foregoing description is of exemplary and pre 
ferred embodiments employing at least in part certain teach 
ings of the invention. The invention, as defined by the 
appended claims, is not limited to the described embodi 
ments. Alterations and modifications to the disclosed 
embodiments may be made without departing from the inven 
tion. The meaning of the terms used in this specification are, 
unless expressly stated otherwise, intended to have ordinary 
and customary meaning and are not intended to be limited to 
the details of the illustrated structures or the disclosed 
embodiments. 

What is claimed is: 

1. A method of forming a wear layer on an article, the 
article comprising at least in part a steel Support having a 
Surface on which the wear layer is formed, comprising: 

arranging in a cavity formed between a mold and the Sur 
face of a support on which the wear layer will beformed, 
an array of tiles made of microwave sintered metal car 
bide composite; 

filling voids between the tiles, the mold and the support 
with metal carbide powder to form a matrix comprising 
the tiles and the spherical metal carbide powder; 
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heating the brazing alloy to cause a brazing alloy to melt 
and infiltrate the matrix, heating comprising placing the 
mold containing the matrix, the bearing Support, and 
unmelted brazing alloy with flux in an induction furnace 
and operating the induction furnace for a period of time 
sufficient to allow the brazing alloy to melt and uni 
formly infiltrate the matrix without damaging the tiles; 

allowing the matrix to cool, thereby forming a consolida 
tion of the microwave sintered metal carbidetiles and the 
particles of metal carbide on the bearing Support, the 
consolidation comprising the wear Surface; and 

removing the mold and finishing the wear Surface. 
2. The method of claim 1, wherein the microwave sintered 

metal carbide tiles are Substantially uniform in shape and 
dimensions over at least a portion of the wear Surface. 

3. The method of claim 1, wherein the mold and support are 
made of steel. 

4. The method of claim 1, wherein the mold with the matrix 
and Support is heated for less than an hour. 

5. The method of claim 1, wherein the mold with the matrix 
and support is heated to a temperature of approximately 1000 
degrees Celsius (C.) in an air atmosphere. 

6. The method of claim 1, wherein the tiles are comprised 
of microwave sintered tungsten carbide, cemented with a 
cobalt alloy, and wherein the particles of metal carbide are 
comprised of spherical tungsten carbide. 

7. The method of claim 1, wherein the support is part of a 
radial bearing. 

8. The method of claim 7, wherein the support is part of a 
mandrel that cooperates with the mold to form a funnel into 
which brazing alloy is placed prior to heating. 

9. The method of claim 1, wherein the metal carbide pow 
der is comprised of particles of metal carbide are of a spheri 
cal type and have a size of 25 to 500 microns. 

10. The method of claim 9, wherein the metal carbide is 
tungsten carbide. 

11. The method of claim 1, further comprising affixing at 
least one row of tiles to the surface of the mandrel support and 
then assembling the Support and the mold to form the cavity. 

12. An article having at least one wear Surface, the article 
comprising a steel Support with a surface and a wear layer 
bonded to the Surface, the wear layer functioning as the at 
least one wear Surface of the article and being comprised of a 
consolidation, in brazing alloy, of a matrix comprised of a 
plurality of microwave-sintered, metal carbide tiles in a 
closely spaced arrangement and metal carbide powder filling 
voids between the tiles. 

13. The article of claim 12, wherein the article is a radial 
bearing. 

14. The article of claim 12, wherein the article is comprised 
of an inner radial bearing and an outer radial bearing, the steel 
Support forming part of one of the inner radial bearing or the 
outer radial bearing. 
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15. The article of claim 12, wherein the microwave-sin 
tered metal carbide is comprised of cemented tungsten car 
bide, and wherein the metal carbide powder is comprised of 
tungsten carbide particles. 

16. The article of claim 15, wherein the tungsten carbide 
particles are generally spherical shaped. 

17. The article of claim 12, wherein the metal carbide 
particles are generally spherically shaped. 

18. An article having at least one wear surface, the article 
comprising a Support with a surface and a wear layer bonded 
to the Surface, the wear layer functioning as the at least one 
wear Surface of the article and being comprised of a consoli 
dation, in brazing alloy, of a matrix comprised of a plurality of 
microwave-sintered, metal carbide tiles in a closely spaced 
arrangement and metal carbide powder filling Voids between 
the tiles, wherein the wear layer bonded to the steel support is 
a product of a process comprising: 

arranging in a cavity formed between a mold and the Sur 
face of the support on which the wear layer will be 
formed, an array of tiles made of microwave-sintered 
metal carbide composite; 

filling voids between the tiles, the mold and the support 
with metal carbide powder to form a matrix comprising 
the tiles and the metal carbide powder; 

heating the brazing alloy to cause a brazing alloy to melt 
and infiltrate the matrix, heating comprising placing the 
mold containing the matrix, the Support, and unmelted 
brazing alloy in an induction furnace and operating the 
induction furnace for a period of time sufficient to allow 
the brazing alloy to melt and uniformly infiltrate the 
matrix without damaging the tiles; 

allowing the matrix to cool, thereby forming a consolida 
tion of the microwave-sintered metal carbide tiles and 
the spherical particles of metal carbide on the Support, 
the consolidation comprising the wear Surface; and 

removing the mold and finishing the wear Surface. 
19. The article of claim 18, wherein the mold and the 

Support are made of steel. 
20. The article of claim 18, wherein the mold with the 

matrix and Support is heated for less than an hour. 
21. The article of claim 18, wherein the mold with the 

matrix and steel Support is heated to a temperature of approxi 
mately 1000 degrees Celsius (C.) in an air atmosphere. 

22. The article of claim 18, wherein the metal carbide 
powder is spherical metal carbide powder. 

23. The article of claim 22, wherein the metal carbide is 
tungsten carbide. 

24. The article of claim 18, wherein the microwave-sin 
tered metal carbidetiles are comprised of microwave-sintered 
tungsten carbide cemented with a cobalt alloy. 
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