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The present invention relates to materials for hard 
surfacing bits and similar cutting tools ‘and more 
particularly relates to an improved hard surfacing ma 
rterial containing cutting elements of hard metal carbide 
supported by a matrix of softer metal within which crys 
tals of hard metal carbide have been precipitated. 

Particles of tungsten. carbide or tungsten carbide alloy 
supported in a matrix of softer metal are \widely used 
as cutting elements on rotary drill bits and tools. 
Such particles may be [applied by placing the tool to 
be hard surfaced in a refractory mold, positioning the 
carbide particles in the mold in contact with the tool 
surface, adding pellets of the matrix metal, and then 
heating the mold and its contents in an electric furnace 
to a temperature sufficient to melt the pellets. The mol 
ten matrix metal in?ltrates into the spaces between the 
particles and the tool surface, effecting a bond as it cools 
‘and solidi?es. Metals used in this manner must have 
the ability to wet the carbide particles and steel and must 
have melting points well below the temperature at which 
properties of the carbide are adversely ‘affected. These 
requirements restrict the selection of matrix materials to 
metals which inherently have low strength and little re 
sistance to wear ‘and abrasion. Such metals are unable 
to withstand the severe stresses to which drill bits and 
similar cutting tools are normally subjected and are 
therefore .wo-rn away at a relatively rapid rate. Failure 
of the matrix leaves the carbide cutting elements par 
tially unsupported, causing them to fracture or be torn 
from place prematurely. As 1a result, the useful life of 
drill bits and similar tools hard surfaced with such ma 
terials is usually short. 

it is therefore an object of the present invention to 
provide an improved hard surfacing material containing 
hard metal carbide cutting elements which has greater 
strength than materials available in the past. A further 
object is to provide ‘a process ‘for the manufacture of a 
hard surfacing material having a matrix capable of sup 
porting hard metal carbide cutting elements under ad 
verse conditions for long periods of time. Other ob 
jects will become apparent as the invention is described 
in [greater detail. 

In accordance with the present invention, it has now 
been found that improved hard surfacing materials con 
taining hard metal carbide cutting elements supported 
in a matrix of softer metal can be prepared by in?ltrating 
the particles with the matrix met-a1 under conditions such 
that metal carbide crystals are precipitated in the matrix 
as a discontinuous phase. Metallurgical studies have 
shown that the precipitated crystals interrupt the slip 
and glide planes in the in?'ltrant metal, permitting the 
matrix to withstand higher stresses without fracturing 
than if the crystals were not present. This is re?ected 
by an increase in the strength of the matrix. As a result, 
the hard metal carbide cutting elements are better sup 
ported and have less tendency to fracture and be torn 
from place than those in hard surfacing materials avail 
able in the past. 

The hard metal carbide crystals responsible for the 
improved matrix properties are provided by dissolving 
powdered metal carbide in the molten matrix so that 
it will precipitate as the matrix cools following in?ltra 
tion. The powdered carbide may be dissolved in the 
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matrix met-a1 prior to the in?ltration step or may in 
stead be placed in the mold with the hard metal carbide 
cutting elements and ‘at least partially dissolved as the 
hot matrix metal in?ltrates into the spaces between the 
cutting elements. In either case, carbide crystals are 
precipitated in the matrix as the metal cools and solid 
i?es. It is usually preferred to include the powdered 
carbide in the mold. Studies have shown that ?nely 
divided carbide powder cont-acted by the flowing matrix 
metal at high temperature is altered in structure even 
though it may not be completely dissolved and subse 
quently precipitated in crystalline form. The presence 
of these altered carbide powder grains and precipitated 
crystals generally results in a harder, stronger matrix 
than can be obtained by dissolving the powder in the 
matrix prior to in?ltration. 
The invention can be better understood by referring 

to the following description of the process employed to 
prepare the improved hard surfacing material and to the 
accompanying drawing, in which: 
FIGURE 1 represents a ‘vertical section through a 

mold used for in?ltrating metal carbide cutting elements 
with ‘a matrix metal to produce the hard surfacing ma 
terial of the invention; 
FIGURE 2 depicts a cross section taken about the line 

2—2 in FIGURE 1; and, 
FIGURE 3 is a reproduction of ‘a photorniorograph 

showing the matrix structure of the improved hard sur 
facing material. 
The in?ltration process utilized to produce the hard 

surfacing material of the invention is carried out in a 
refractory mold similar to that shown in FIGURE 1 
of the drawing. The mold depicted includes a lower 
section 11 provided with threads 12 for attaching an 
upper section or cover 13‘. The lower section contains 
a recess within which the hard metal cutting elements 
and the tool or part to which they are to be bonded 
may be placed. The shape of the recess will depend 
upon the desired con?guration of the ?nished tool. It 
should be designed to accommodate the tool with the 
surfaces to be hard surfaced facing upwardly. Sufficient 
space must be left adjacent these surfaces to permit ad 
dition of the carbide cutting elements. It is generally 
preferred to machine 1a large recess in the lower section 
of the mold and then insert spacers 14 of refractory ma 
terial to obtain a recess of the proper shape. The space-rs 
employed are shown more clearly in FIGURE 2 of the 
drawing. Strips of clay, sand or similar material 15 
may be placed between the spacers and wall of the mold 
on two sides of the recess to ?ll the voids and permit 
thermal expansion as the mold contents are heated. The 
upper section of the mold contains a depression 16 and 
ports ‘17 extending through it. The mold parts may be 
made of carbon or a refractory ceramic material. The 
use of a carbon mold is preferred because of the ease 
with which carbon blocks can be machined. 

After a suitable mold has been prepared, it is thor 
oughly cleaned to remove water, grease and other for 
eign materials. ‘If a carbon mold is utilized, the mold 
recess may be lined with “Fiberfrax” or :a similar as 
bestos material at points where the metal tool or part 
to be hard surfaced would otherwise contact the car 
bon. This prevents carburization of the tool steel at 
the temperatures required for in?ltration. The tool or 
part 18 is then placed in the mold and the hard metal 
carbide cutting elements ‘19' are added. Both the tool 
and the carbide cutting elements should be cleaned with 
carbon tetrachloride or a similar solvent to remove dirt, 
grease and other foreign materials before they are placed 
in the mold. 
The carbide particles employed as cutting elements may 
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be particles of tungsten carbide or particles of a mixed 
carbide including small amounts of titanium carbide, tan 
talum carbide, niobium carbide and other metals in ad 
dition to the tungsten carbide. Such carbides are available 
in either cast or cemented form. The cemented carbides 
normally contain from about 1 percent to about 25 per 
cent of cobalt or a cobalt alloy containing a small amount 
of iron or nickel. emented carbides, particularly ce 
mented tungsten carbide containing from about 3 to about 
15 weight percent cobalt, are preferred because they are 
generally less brittle than the cast carbides and are there 
fore better suited for use as cutting elements. The size 
of the cutting elements employed will normally range 
between about 0.045 inch and about 0.400 inch along 
their major dimension. For rotary drag bits and similar 
tools, particles between about 0.050 inch and about 0.250 
inch are generally used. Carbide particles of suitable size 
are commercially available in various forms. Angular 
chips produced by fracturing large pieces of carbide will 
normally be used but in some cases particles of regular 
shape, cubes for example, are preferred. 
The hard metal carbide cutting elements are generally 

packed into the mold voids as closely as possible in order 
to provide a maximum number of cutting edges on the 
tool surfaces. If cubes or similar shaped particles are 
used, however, it may be desirable to orient the outer layer 
by gluing or otherwise a?’ixing particles to the mold or 
mold inserts. Subsequent in?ltration of matrix metal into 
the space surrounding the oriented particles will result in 
their being bonded in place. Diamonds may be mounted 
in similar manner in order to augment the cutting action 
or reduce wear at critical points on the tool. 
As pointed out previously, powdered hard metal carbide 

is preferably placed in the mold cavity with the hard 
metal cutting elements in applying the hard surfacing 
material. The composition of the powdered carbide thus 
used may bee identical to that in the cutting elements. 
Instead, a powdered carbide having somewhat different 
properties, one which is harder but more brittle for ex 
ample, may be employed. Tungsten carbide and mixed 
carbides containing tungsten carbide, titanium carbide, 
tantalum carbide, niobbium carbide and other metals are 
suitable. To promote rapid solution of the powdered 
carbide in the matrix, a ?ne powder should be used. Pow 
der which has been screened to pass a 100 mesh or small 
Tyler screen may be utilized. It is preferred to employ 
powder of 170 meseh or smaller size. From about 5 to 
about 35 weight percent powdered nickel will preferably 
be included with the powdered carbide to promote wet 
ting of the carbide by the in?ltrant matrix metal. The 
nickel used should be ground and screened in a manner 
similar to that in which the powdered carbide is prepared. 
A small amount of powdered tungsten may also be in 
cluded to further increase strength ‘and hardness. The 
powder should be cleaned to remove moisture, dirt and 
grease. The mold will normally be cold pressed or 
vibrated as the powder and cutting elements are added in 
order to form a dense, closely-packed mass in the voids 
adjacent the tool surface. After the mold has been care 
fully ?lled with the carbide powder and cutting elements, 
the mold cover 12 is threaded onto lower section 11 and 
tightened down. The mold may be placed in a press to 
assist in tightening the cover in place. 
The relative amounts of the carbide cutting elements 

and powder used in packing the mold may be varied over 
a wide range and will depend in part upon the size of 
the cutting elements. Where cutting elements about 1%; 
inch in size are used, for example, the cutting elements 
will generally constitute about 50% of the total volume of 
the hard surfacing material. If larger particles are em 
ployed, the portion of the total volume occupied by cut 
ting elements may be somewhat smaller. 

iFollowing assembly of the mold, pellets or similar par 
ticles of matrix metal 20 are placed in recess 16 in the 
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mold cover. The metal employed to form the matrix 
should be capable of wetting the hard metal carbide in the 
molten state and should have a melting point between 
about 1550° F. and about 2400“ F. Suitable metals in 
clude copper-nickel alloys, copper-nickel-tin alloys, cop 
per-nickel-iron alloys, nickel-iron-carbon alloys, copper 
cobalt-tin alloys, copper-nickel-iron-tin alloys, copper~ 
nickel-manganese alloys and the like. Such alloys may 
contain minor amounts of other metals such as zinc, man 
ganese, silicon, silver, beryllium, bismuth, boron, cad 
mium, chromium and phosphorus. S Monel and a num 
ber of other commercially available brazing metals and 
similar alloys which melt within the above speci?ed tem 
perature range and will wet the carbide and steel may be 
utilized for purposes of the invention. It will be under 
stood, of course, that every alloy has slightly different 
properties and that certain alloys are therefore more ef 
fective for purposes of the invention than are others. 
The use of copper-nickel-tin alloys is preferred. A small 
amount of borax or other ?ux is added to the pellets in the 
mold cover to aid in the control of oxide formation during 
the formation of the hard surfacing material. 
The assembled mold containing the tool to be hard sur 

faced, the carbide cutting elements, powdered carbide, 
and pellets of matrix metal is placed in a furnace previ 
ously heated to a temperature sufficient to melt the matrix 
metal. The temperature utilized should be well below the 
temperatures at which properties of the carbine employed 
are adversely affected. The furnace temperature will de 
pend somewhat on the matrix metal and powder used but 
will generally range between about 1750° F. and about 
2500° F. The temperature used should not greatly exceed 
that required for rapid in?ltration of the matrix metal 
into the carbide particles and powder. The composition 
of the matrix metal and powder in the mold will govern 
the in?ltration temperature. Copper-nickel alloys will 
readily in?ltrate at temperatures between about 2000" F. 
and about 2250u F, for example; whereas slightly higher 
temperatures are required for the in?ltration of iron 
nickel-ca-rbon alloys and the like. The mold is left in the 
furnace for a suf?cient period of time to permit its con 
tents to reach the furnace temperature. The pellets of 
matrix metal in recess 16 in the mold cover 13 melt at the 
elevated temperature and flow downwardly into ‘the mold 
through ports 17. Capillary forces cause the hot molten 
metal to in?ltrate into the interstices between the carbide 
cutting elements, carbide powder and surface of the tool. 
The powdered carbine is altered in structure and is at 
least partially dissolved by the in?ltrating metal. After 
su?icient time for the mold contents to reach the furnace 
temperature and for in?ltration to occur has elapsed, nor 
mally from about 4 to about 30 minutes, the mold is 
removed from the furnace and is allowed to cool. As the 
matrix metal cools and solidi?es in the mold, ?ne crystals 
of the previously dissolved metal carbide powder are 
precipitated in it. The tool may be removed from the 
mold after it has reached room temperature ‘and may be 
subjected to conventional heat treating procedures in or 
der to relieve thermal stresses set up in the steel during the 
in?ltration process. Thereafter, the tool may be sand 
blasted and machined or ground to remove surface irreg 
ularities. The ?nished tool will have a hard surface of 
metal carbide cutting elements securely supported by a 
softer matrix containing a discontinuous phase of ?ne 
hard metal carbide crystals. 

In lieu of placing the powdered hard metal carbide in 
the mold with the carbide cutting elements as described 
above, carbide powder may be dissolved in the matrix 
metal prior to in?ltration. The pellets of matrix metal 
may be placed in a clay crucible or other vessel of re 
fractory material with a small amount of borax or other 
flux and heated to the melting point. Powdered metal 
carbide may then be added to the molten metal in quan_ 
tities sumcient to saturate it. Inclusion of the carbide 
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powder may produce some elevation in the melting point 
of the matrix metal. If it is found that the melting point 
of the ?nal alloy is greater than about 2400° F., it can 
be adjusted downwardly by realloying the metal with cop 
per, tin or similar metal until the desired melting point 
is attained. The ?nal alloy may therefore be under 
saturated in terms of its metal carbide content’ but will 
nevertheless contain su?icient hard metal carbide to ef 
fect a signi?cant increase in strength as the matrix cools 
following in?ltration and the carbide precipitates in crys 
talline form. The matrix metal thus prepared by predis 
solving the carbide powder in the molten metal may be 
solidi?ed and formed into pellets or fragments of suitable 
size. Thereafter, it can be employed for in?ltration pur 
poses in a manner similar to that described earlier. 
The method of the invention is not limited to the 

direct bonding of hard metal carbide cutting elements as 
described above and may instead be employed for the 
production of pads or inserts to be subsequently bonded 
to a tool or similar device. In the making of such pads 
or inserts, the carbide cutting elements are placed in a 
mold of the desired shape and bonded together by in 
?ltration with the molten matrix. Hard metal carbide 
powder may either be predissolved in the matrix or may 
be included in the mold with the carbide cutting elements. 
The pad or insert thus formed may then be applied to a 
steel surface by brazing. Pads or inserts may also be 
formed on small steel plates by in?ltration and later 
affixed to a tool or other device by welding the plates in 
place. These methods are useful for the hard surfacing of 
large areas with the hard surfacing material of the in 
vention. 
The superior properties of the material of the invention 

are illustrated by the results of experimental work de 
signed to test the effect of precipitated carbide crystals 
upon the matrix strength of hard surfacing materials con 
taining metal carbide cutting elements. 

In a ?rst series of tests, specimens containing tungsten 
carbide cutting elements supported by a copper-nickel-tin 
alloy matrix were prepared. The tungsten carbide cutting 
elements employed were angular fragments of cemented 
tungsten carbide containing ‘90.0 weight percent of tung 
sten carbide and 10.0 weight percent of cobalt. The 
hardness of these fragments ranged between 88.8 and 
89.0 on the Rockwell A scale. The particles were 
screened to remove fragments smaller than about 0.12 
inch and greater than about 0.20 inch. The screened 
fragments were then washed with alcohol to remove grease 
and other foreign material and were dried with an air 
blast. The dried fragments were placed in clean, dry 
carbon molds containing cylindrical voids 1/2 inch in 
diameter by 1 inch long. In some cases powdered tung 
sten carbide and powdered nickel were mixed and added 
to the mold with the carbide cutting elements; while in 
others no powder was used. The molds were then in 
?ltrated with a molten matrix metal containing about 35 
weight percent copper, about 5-5 weight percent nickel and 
about 10 weight percent tin at a temperature of 2250° F. 
Following in?ltration, the molds were removed from the 
furnace and cooled. In each case, the total furnace time 
was 15 minutes. 

The specimens prepared as described above were ex 
amined under a microscope. It was found that the 
matrices of those prepared with the carbide powder con 
tained ?ne crystals of precipitated tungsten carbide. 
FIGURE 3 of the drawing is a reproduction of a photo 
micrograph of a matrix prepared with carbide powder, 
taken at 5010 power magni?cation. The crystals in the 
matrix are clearly visible in the photomicrograph and ap 
pear in most cases as elongated, angular bodies. The 
cluster of smaller particles in the lower right quadrant 
of the photomicrograph is all that remains of a grain of 
the carbide powder altered by the hot matrix metal. 
These precipitated crystals and altered powder grains in 
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6 
terrupt the slip and glide planes of the matrix metal and 
are largely responsible for the improved matrix properties 
of the hard surfacing materials of the invention. 

Following microscopic examination of the matrix struc 
tures, the mechanical properties of the specimens were 
determined. Compressive strengths were measured by 
?rst grinding specimens so that their ends were flat and 
parallel and then testing them on standard Baldwin and 
Olson test machines. There was little displacement of 
any of the specimens prior to fracturing. The fracture 
angles in most cases were about 5 degrees to about 25 
degrees from the load axis. -It was found that the com 
pressive strengths of the specimens containing the pre 
cipitated crystals were about twice those of the specimens 
prepared without powdered carbide. 
The shear strengths of the specimens were measured 

by placing them in adapters which permitted the appli 
cation of force in opposite directions on either side of a 
plane perpendicular to the specimen axis. The shear frac 
tures obtained were granular in appearance and extended 
parallel to the load axis. Cemented carbide cutting ele 
ments in the specimens sheared in the plane of matrix 
fractures. Two fractures commonly occurred, producing 
a disc-like fragment at the center of the specimen. The 
second of these fractures was apparently due to tension 
1failure caused by slight bending of the specimen after 
shearing forces had started the ?rst fracture. The shear 
strengths of the specimens containing the precipitated 
crystals were substantially higher than those of specimens 
prepared without the powdered carbide. 

Impact tests were carried out by placing the cylin 
drical half inch by one inch specimens in a specially 
designed holder and striking them with a special striker 
on a standard Charpy impact testing machine. The 
specimens prepared in accordance with the invention 
had_signi?c‘antly higher impact strength than the other 
speclmens. 
The data referred to above are summarized in the fol 

lowing table. A number of specimens of each material 
were prepared and tested to obtain the data and hence 
each of the values given in the table represents an average 
of at least two tests. The differences between the indi— 
vidual values on which the averages are based were small. 

TABLE I 

E?‘ect of Powdered Carbzde Upon M atrzx Strength 

Com- Shear Relative 
Specimenl Powdered Carbide pressive Strength, Impact 

Strength, p.s.i. Strength, 
p.s.i. lb.-ft. 

A ________ __ None ___________________ __ 109,500 66,300 13 
B ________ __ 83% ——175 mesh tungsten 210,510 77,180 24 

carbide+l7% -—175 mesh 
nickel. 

C ________ __ 28;)33 mesh tungsten car- 131,750 45,000 27 
1 e. 

1All specimens prepared by in?ltrating angular cemented tungsten 
carbide fragment screened to about 0.12 to about 0.20 inch size with alloy 
containing about 35% copper, about 55% nickel and about 10% tin at 
2250° F.; furnace time was 15 minutes in all cases. 

The data in Table I above show that specimen B which 
was prepared in accordance with the invention had much 
greater strength than did the other specimens. The com 
pressive strength, shear strength and impact strength were 
all much higher due to the presence of the carbide crys 
tals and altered carbide powder. These improved proper 
ties make the material of the invention much more re 
sistant to wear and abrasion than materials available 
heretofore. 
The importance of utilizing very ?ne powdered hard 

metal carbide is also shown in Table I. Specimen C, in 
which relatively coarse 28-35 mesh carbide was used, 
was only slightly better than. specimen A which was pre 
pared without powdered carbide. Little of the coarse 
carbide dissolved in the molten matrix under the condi-. 
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tions employed; whereas the ?ner powder used ‘in speci 
men B dissolved in substantial quantities and was sub 
sequently precipitated in crystalline form. The use of 
powdered carbide ground to pass a 100‘ mesh or smaller 
screen is therefore important in preparing the material 
of the invention. 

Addtional experiments similar to those described above 
were carried out to determine the effect of variations in 
the composition of the matrix metal upon the properties 
of the improved hard surfacing material. Test specimens 
were prepared by in?ltrating tungsten carbide cutting ele 
ments and a minus 170 mesh mixture of 83 weight per 
cent tungsten carbide powder and 17 weight percent nickel 
powder with three different matrix alloys. The ?rst of 
these alloys was the copper, nickel and tin alloy described 
earlier. The second was an alloy containing 67 percent 
nickel, 30 percent copper, 1.4 percent iron, 1 percent man 
ganese and trace quantities of other metals. The third 
was an iron-nickel alloy containing about 90 percent iron 
and about 10 percent nickel. These alloys all melted at 
temperatures between about 1550° and about 2400" F. 
The ?rst was used at an in?ltration temperature of r2250° 
F., while the latter two were used at a temperature of 
‘2350" F. because of their higher melting points. The 
in?ltration procedure employed was similar to that de 
scribed earlier. Specimens of the alloys alone were also 
prepared. The specimens were tested to determine their 
compressive strength, shear strength and impact strength. 
The results of the tests are set forth in Table 11 below. . 

TABLE II 

Comparison of Matrix Alloys 

Shear 
Strength, 
p.s.i.1 

Com 
pressive 
Strength, 

p.s.i.1 

Impact 
Strength, 
lb.-1t.l 

Specimen 

35% Cu, 55% Ni, 10% Sn Alloy _______ .1 
35% Cu, 55% Ni, 10% Sn Alloy+90% 
WC—10% 00 Cutting Elements +83% 
VVC—17% Ni Powder _______ -7 ______ _. 

67% Ni, 30% Cu, 1.4% Fe, 1% Mn Alloy_ 
67% Ni, 30% Cu, 1.4% Fe, 1% Mn Alloy 
+90% ‘WC-10% 00 Cutting Elements 
+83% WC—17% Ni powder _________ __ 

90% Fe, 10% Ni Alloy ________________ ._ 
90% Fe, 10% Ni Alloy+90% WC—10% 
00 Cutting Elements+83% WC-l7% 
Ni powder_ ________________________ _. 

151, 000 53, 000 

24 
46 

210, 510 
152, 100 

77, 180 
66, 400 

245, 500 
173, 000 

93, 700 p 
55, 700 s 

234, 500 102, 000 18 

1 Each value represents an average of at least two tests. 

It will be seen from Table II that the improved prop 
erties obtained in accordance with the invention are not 
limited to materials containing the cupronickel alloy re 
ferred to in connection with Table I and that iron-nickel 
alloys and similar matrix metals may also be employed. 
The compressive and shear strength values for the speci 
mens prepared with tungsten carbide cutting elements and 
mixed tungsten carbide-nickel powder were much higher 
than those obtained for the specimens containing only the 
alloys. Although the carbide cutting elements may have 
contributed slightly to the greater strength obtained, 
the improved properties were due primarily to the in 
clusion of the powdered carbide. The e?ect of the car 
bide powder on impact strength was offset in some of the, 
specimens by the e?ect of the relatively brittle cutting ele 
ments and the impact data on Table II reflect this. In the 
case of the iron alloy matrix, however, the inclusion of 
the powdered carbide produced a signi?cant increase 
in impact strength. 

Still other experiments were carried out to further 
demonstrate the importance of dissolving and reprecipi 
tating the powdered carbide. Specimens were prepared 
by in?ltrating cemented tungsten carbide fragments and 
minus 170 mesh tungsten carbide-nickel powder with the 
copper, nickel and tin alloy referred to in connection with’ 
the earlier tests. The compositions of the cemented car 
bide fragments and the mixed powder were the same in 
all cases. Furnace times were varied from ?ve minutes to 
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One hour.‘ The‘ prepared specimens were then tested to 
determine their compressive strengths as described previ 
ously. The results obtained are shown in Table III. 

TABLE III 

E?ect of Furnace Time Upon Matrix Strength 
Composition1 furnace Compressive 
time—Minutes: Strength, p.s.i. 

5 _________________________________ __ 188,250 

10 ________________________________ __ 222,500 

15 ________________________________ __ 210,510 

30 ________________________________ __ 227,830 

60 ________________________________ __ 228,000 

' 190% WC-10% Co cutting elements plus —170 mesh mix 
ture of 85% WC-17% Ni powder in?ltrated with an alloy 
containing about 35% Cu, 55% Ni and 10% S11 at 2250° F. 

The data in Table III above demonstrate that the com 
pressive strength of the matrix tends to increase with in 
creased furnace time. The longer the molten matrix metal 
remains in contact with the powdered carbide, the more 
carbide is dissolved and subsequently precipitated in crys 
talline form upon cooling of the matrix. Since carbide 
solubility is also a function of powder size and matrix 
temperature, however, the use of extended furnace time is 
not essential. This is particularly true where the pow 
dered carbide is predissolved in the molten matrix metal. 
The superior properties of the materials of the inven 

tion are further illustrated by the results obtained in 
drilling tests carried out with two oil ?eld rotary drag bits 
of similar design. The blades of the ?rst bit were hard 
surfaced with a copper-nickel matrix containing angular 
particles of cemented tungsten carbide between about 1A; 
and about 3/8 inch in size. The matrix contained no 
altered tungsten carbide powder or precipitated tungsten 
carbide crystals. The blades of the second bit were hard 
surfaced by in?ltrating cemented tungsten carbide cutting 
elements and powdered tungsten carbide and nickel with 
a copper-nickel-tin matrix in the manner described earlier. 
The tests were carried out by drilling in a sandstone for 
mation with a conventional rotary rig and auxiliary 
equipment. A bit weight of 15,000 pounds and a rotary 
speed of 60 revolutions per minute were used. It was 
found that the matrix metal on the blades of the first bit 
rapidly fractured under the high stresses generated dur 
ing the drilling operation. Measurements showed that 
the blades wore away at the rate of about 0.23 inch for 
each 100 feet drilled. With the second bit, on the other 
hand, no fracturing of the matrix occurred. The blade 
wear rate was less than 1/12 that with the ?rst bit. The 
bene?ts due to the presence of carbide crystals in the 
matrix as a discontinuous phase are thus apparent. 

This application is a continuation-in-part of Serial N 0. 
128,591, “Hard Surfacing Material,” ?led in the US. 
Patent O?ice on August 1, 1961, by Harold C. Bridwell 
and David S. Rowley, and now abandoned. 
What is claimed is: 
1. An improved hard surfacing material comprising a 

plurality of closely-spaced hard metal carbide particle 
between about 0.045 and about 0.400 inch in size bonded 
together by a softer metal which melts at a temperature 
between about 1550“ F. and about 2400° F. and in the 
molten state has the ability to wet said particles, said 
particles comprising tungsten carbide and said softer 
metal containing ?ne crystals of precipitated hard metal 
carbide as a discontinuous phase. 

2. A hard surfacing material as de?ned by claim 1 
wherein said carbide particles are particles of cemented 
tungsten carbide. 

3. A hard surfacing material as de?ned by claim 1 
wherein said softer metal is a copper-containing alloy. 

4. A hard surfacing material comprising a plurality of 
closely-spaced tungsten carbide particles between about 
0.045 and about 0.400 inch in size; an alloy bonding said 
carbide particles together, said alloy having a melting 
point between about 1550° F. and about 2400° F. and 
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in the molten state having the ability to wet said carbide 
particles; and a plurality of structurally-altered tungsten 
carbide powder granules and ?ne crystals of precipitated 
tungsten carbide dispersed within said alloy as a discon 
tinuous phase. 

5. A hard surfacing material as de?ned by claim 4 
wherein said carbide particles are particles of cemented 
tungsten carbide. 

6. A hard surfacing material as de?ned by claim 4 
wherein said alloy is a copper-nickel alloy. 

7. A hard surfacing material as de?ned by claim 4 
wherein said alloy is an iron-nickel alloy. 

8. A hard surfacing material comprising a plurality of 
closely-spaced cemented tungsten carbide cutting elements 
ranging between about 0.050 and about 0.250 inch in 
size; a copper-nickel-tin alloy bonding said cutting ele 
ments together, said alloy having a melting point be 
tween about 1550° F. and about 2400° F. and in the 
molten state having the ability to wet said cutting ele 
ments; and a plurality of structurally~altered tungsten 
carbide grains and precipitated tungsten carbide crystals 
present in said alloy as a discontinuous phase. 

9. A process for the manufacture of a hard surfacing 
material which comprises the steps of dissolving a hard 
metal carbide powder comprising tungsten carbide in a 
molten matrix metal having a melting point between about 
1550° F. and about 2400° F. and in the molten state hav 
ing the ability to wet the hard metal carbide powder; 
alloying said molten matrix containing dissolved hard 
metal carbide powder with a plurality of closely-spaced 
hard metal carbide particles between about 0.045 and 
about 0.400 inch in size at a temperature between about 
1750° F. and about 2500" F., said particles comprising 
tungsten carbide; and thereafter cooling said matrix metal 
and particles to effect a bond between said matrix metal 
and particles and precipitate ?ne crystals of hard metal 
carbide in said matrix metal as a discontinuous phase. 

10. A process for the manufacture of a hard surfacing 
material which comprises the steps of dissolving a hard 
metal carbide comprising tungsten carbide in a molten 
matrix metal having a melting point between about 
1550° F. and about 2400° F. and in the molten state hav 
ing the ability to wet the hard metal carbide; placing 
hard metal carbide cutting elements between about 0.045 
and about 0.400 inch in size in a refractory mold, said 
cutting elements comprising tungsten carbide; in?ltrating 
said cutting elements in said mold with said matrix metal 
containing said dissolved carbide at a temperature be 
tween about 1750° F. and about 2500° F.; and there 
after cooling the contents of said mold to effect a bond 
between said matrix metal and cutting elements and 
precipitate ?ne crystals of hard metal carbide in said 
matrix metal as a discontinuous phase. 

11. A process for the manufacture of a hard surfacing 
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material which comprises forming an intimate mixture of 
hard metal carbide particles between about 0.045 inch 
and about 0.400 inch in size and hard metal carbide 
powder granules minus 100 mesh in size in a refractory 
mold, said particles and granules comprising tungsten 
carbide in?ltrating said mixture of carbide particles and 
powder granules in said mold at a temperature between 
1750° F. and about 2500° F. with a molten matrix metal 
melting between about 1550° F. andabout 2400" F. and 
having the ability to wet said hard metal carbide particles 
and powder granules in the molten state, and thereafter 
cooling the contents of said mold to effect a bond be 
tween said matrix metal and said particles and powder 
granules and precipitate ?ne hard metal carbide crystals 
in said matrix metal as a discontinuous phase. 

12. A process for the manufacture of a hard surfacing 
material which comprises the steps of forming an intimate 
mixture of tungsten carbide particles between about 0.045 
and about 0.400 inch in size and powdered tungsten 
carbide and nickel minus about 170 mesh in size in a 
refractory mold; in?ltrating said mixture in said mold 
with a molten copper-nickel-tin alloy at a temperature 
between about 2000° F. and about 2250° F., said alloy 
having the ability to wet said carbide particles and powder 
in the molten state; and thereafter cooling the contents 
of said mold to effect a bond between said tungsten 
carbide particles and said alloy and precipitate ?ne 
tungsten carbide crystals in said alloy as a discontinuous 
phase. 

13. A process as de?ned by claim 12 wherein said mix 
ture of tungsten carbide particles and tungsten carbide 
powder is formed in contact with a steel tool surface in 
said mold. 

14. A cutting tool hard surfaced with a material com 
prising a plurality of hard metal carbide cutting elements 
between about 0.045 and about 0.400 inch in size bonded 
together by a softer metal which melts at a temperature 
between about 1550° F. and about 2400° F. and in the 
molten state has the ability to wet said cutting elements, 
said hard metal carbide cutting elements comprising 
tungsten carbide and said softer metal containing powder 
granules and ?ne precipitated crystals of a hard metal 
carbide comprising tungsten carbide as a discontinuous 
phase. 

15. A tool as de?ned by claim 14 wherein said softer 
metal is a copper-nickel-tin alloy. 
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