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This invention relates to refractory composition of
matter or structural materials which exhibit great hot-
strength and corrosion-resistance at elevated temperatures
and to the production of such hot-strength corrosion-
resistant refractory structural materials.

The hot-strength corrosion-resistant structural mate-
rials of the invention are useful for buckets, vanes, nozzles,
and other like structural parts of gas turbines, as well as
other combustion engines, for tools, and in general for all
applications where great strength and corrosion-resistance
at high temperatures in oxidizing atmospheres is essential.

Although prior scientific and patent literature contains
an abundance of data about the physical properties of
hard cemented carbides, and also about the properties of
chromium boride such as described in Cole et al. Patent
No. 2,088,838, it does not contain any data about the
physical properties of cemented metal borides.

In a search for structural material of great hot-strength
and corrosion-resistance, many efforts have been made to
produce a corrosion-resistant hot-strength cemented metal
boride material. Of the varions metal borides referred
to in prior art literature, chromium boride, trade named

Colmonoy, and the only refractory metal boride com- -

mercially available, was known to have in addition to
great hardness and strength at high temperatures, excel-
lent corrosion-resistance. Accordingly, a great deal of
concentrated work was devoted to the production of
cemented chromium boride bodies by powder metallurgy
technique that would exhibit great strength and corrosion-
resistance within oxidizing or combustion gas atmospheres
at high temperatures such as 700° C. or above. In mak-
ing such cemented chromium boride material, the best
prior addition or binder material, to wit, nicke] and/or
cobalt, which proved so successful in producing cemented
carbide materials were used, with and without other minor
additions, such as molybdenum and tungsten. The best
of these cemented chromium boride materials was com-
posed of about 85% chromium beride and 15% nickel
(unless otherwise specifically stated, all proportions herein
are given by weight throughout the specification and
claims). To produce cemented chromium boride mate-
rial, the chromium boride particles and the nickel were
comminuted in a ball mill until the desired thorough mix-
ture of an average particle size of about 3 microns was
obtained, The powder mixture was then filtered, washed
and dried. A bar body was then formed of the fine pow-
der mixzture by hot pressing within graphite dies, at a
die temperature of about 13060° C., corresponding to an
estimated temperature of about 1550° C. inside the die.
At room temperature the resulting bar had a modulus of
rupture of about 120,000 p. s. i.; average Rockwell A
hardness 89, and a density of about 6.17 g./cc. Decrease
of the particle size of the powder to between 1 to 2
microns increased the hardness of the resulting bar, but
reduced its strength. Generally similar, though some-
what poorer characteristics were obtained by similar ma-
terials using cobalt and/or nickel in proportions 10 to
20% as a binder. However, tests at higher temperatures
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indicated a liquid phase forming in such refractory boride
material at about 1040° C. which limits its use to a maxi-
mum temperature of about 950° C. It is believed that
the liquid phase which limits the use of this material to
temperature below about 250° C. is caused by the devel-
opment of less refractory borides.

In making such hard cemented refractory boride bodies,
it was heretofore generally believed that in order to give
them desired high ‘mechanical strength, it was essential
to use, as cementing addition, metals which are ductile
and which have a considerably lower melting tempera-
ture than the refractory boride.

The present invention is based on the discovery that
the borides of cobalt, nickel, and iron, without or with
admixture of boron, substances which lack ductility, and
have not been considered as metals, constitute unusually
effective addition substances for use in lieu of known
ductile cementing metals of relatively low melting point,
such as cobalt and nickel, in making hard cemented re-
fractory boride bodies having as the principal ingredient
a refractory boride or borides of zirconium, vanadium,
niobium, tantalum and also of chromium, molybednum,
and tungsten.

The present invention is based on the discovery that
sintered cemented structural materials combining as prin-
cipal ingredients, particles of refractory metal borides of
the group of metals consisting of zirconium, vanadium,
niobium, tantalum, which belong to the fourth and fifth
group of the periodic system, and also of chromium,
molybdenum and tungsten, with the addition of a less
refractory boride of cobalt, titanium, nicke]l and/or iron,
without or with a further addition of an excess of boron,
has unexpected great hot-strength and corrosion-resistance.
Desirable cemented refractory structural material may
be produced with the addition of such less refractory
boride varying between about 3% to 35% of the com-
position, and without or with the further addition of
boron between about 2% to about 7% of the composi-
tion, providing that, if the boron is added, the total of
the addition ingredients should not exceed about 25%
of the composition.

However, cemented refractory boride bodies of the
invention having particularly desirable characteristics are
obtained by confining the proportions of the additicn
substances to a more limited range, namely, the addi-
tion of the less refractory boride to from 5% to 20%
of the composition, and of boron, if it is added, to
from 2% to 7% of the composition, in which case the
total of the addition ingredients should be confined to
from 10% to 20% of the composition and the excess
boron up to 7% of the composition. In general, satis-
factory results are obtained with the more refractory
boride forming 97 to 65% and the less refractory boride
forming 3 to 35% of the composition. Satisfactory re-
sults are also obtained with the more refractory boride
forming 5 to 25% of the composition. Satisfactory results
are also obtained with the more refractory boride form-
ing 90 to 80% and the less refractory boride forming 10
t0 20% of the composition.

The borides most suitable for cemented refractory
compositicns of the invention as principal ingredients, are
the borides of zirconium, vanadium, niobium and tanta-
lum. These metals form with boron, interstitial phases
of the form MBg, wherein M represents the metal. There
are also available other borides which are very suitable
for refractory compositions of the invention—for instance,
chromium boride, tungsten boride, and molybdenum
boride. Sclid solutions of such refractory borides are
likewise suitable for cemented refractory boride com-
positions of the present invention. Such solutions of
the different borides may be produced either by heating
an intimate mixture of the different borides under a pro-
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tective atmosphere at high temperatures, or by simul-
taneously producing the different borides at high tem-
peratures. This may be accomplished, for instance, by
simultaneous reduction of the metals, the borides of
which are to be produced. Furthermore, the powder
particles of the different metals may be mixed with the
addition substance in the manner described above, and
the solid solution of the mixture of the different borides
may be formed in the process by compacting and sinter-
ing the mixture of the powder particles into a cemented
refractory structure by hot-pressing, without or with a
follow-up sintering operation. To simplify the hot-press-
ing treatment it may be preceded by cold-pressing the
powder mixture in the die in which it is hot-pressed.
In the hot-pressing treatment, the length of the sintering
operation, and the temperature at which it is carried out,
and at which a liquid phase exists, will control the forma-
tion of the desired solid sclutions of the different borides.

Because of the relatively high thermal conductivity
of the refractory boride compositions of the present in-
vention, they may, in certain applications, be operated
at higher temperatures than any other known prior ce-
mented refractory bodies. When a cemented refractory
boride body of the invention having relatively high heat
conductivity is exposed to hot gases, it will be able to
withstand temperatures higher than the melting tempera-
ture of at least its least refractory constituent, because
its high heat conductivity can be utilized to maintain its
temperature at a lower level than the temperature of the
gases to which it is exposed.

The foregoing and other objects of the invention will
be best understood from the following more detailed
description thereof.

In producing corrosion-resistant hot-strength cemented
hard metal borides of the invention, it is desirable that
the hard metal boride particles should be comminuted to
a great degree of fineness, such as an average particle
size of 1 to 2 microns, and that the commiruticn of the
boride particles should be effected under conditions which
prevent oxidation of the particles. If the refractory
metal boride particles are of a size materially larger
than about 3 microns, such as 5 microns or more, the
cemented material has somewhat poorer physical char-
acteristics. A very effective way for producing the fine
boride particles is ball-milling the particles under an oxida-
tion suppressing cover, such as a bath of purified saturated
hydrocarbons, such as mineral oil, within an atmosphere
of inert gas such as argon, maintained within the mill
space at a small positive pressure.

It is desirable that the ball-milling should be carried
on in a mill having an interior surface or lining and balls
of material having the same composition as ingredients
of the particles which are milled. If a steel mill and
steel balls are used, the ferrous impurities should be re-
moved after the milling by a treatment such as leaching
with sulphuric acid diluted with water in concentration
between 1:20 to 1:40.

Before leaching, the ball-milled powder should be
cleaned of oil by diluting it with an agent such as ether,
acetone, or alcohol, followed by filtering.

The milled powder from which the ferrous particles
have been removed is then washed with a volatile agent,
such as alcohol or ether, and dried.

The fine dried refractory boride powder constituting
the principal ingredient, is then mixed with the addition
ingredient or ingredients, to wit, the fine dried cobalt
boride powder without or with the fine dried boron
powder, each powdered ingredient having been previously
purified and comminuted to the desired fine minute size of
about 2 microns or less. However, since cobalt boride
has lesser hardness than the more refractory borides,
such as zirconium boride, it is sufficient to comminute
the cobalt boride ingredient to an average particle size of
only minus 50 mesh before adding it to the other ingre-
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dients for mixing and reducing all particles of the mix-
ture to about 2 microns or less.

The desired intimate mixture of the different powdered
ingredients may be secured by subjecting the powdered
mixture mass to ball-milling for a sufficient length of
time, such as two or more hours to secure an intimate
mixture of the different powdered ingredients and their
comminution to about 2 microns or less. The ball-mill-
ing to mix is carried on in a ball mill under an oxidation
suppressing cover with purified mineral oil within an
atmosphere of argon. The oil is then removed from
the ball-milled powder mixture and the mass of the fine
powder mixture is then leached to remove iron impurities,
washed and dried. The ball-milling operations for re-
ducing the size of the particles of the different ingredients
and for effecting the intimate mixture of the different
powdered ingredients may be carried on within a bath
of water, instead of mineral oil, in which case, however,
the resulting powder mixture will exhibit poorer charac-
teristics.

A very effective way for producing shaped bodies out
of compositions of the invention is by hot-pressing the
hard powder mixture at a temperature within the die
from about 1200° to 2500° C., with a pressure from
about .5 to 3.5 t. s. i. for about one-half to five minutes.
By hot-pressing such powder mixtures with graphite dies,
the sintered material is maintained in an atmosphere con-
sisting predominantly of carbon dioxide, thus preserving
it against oxidation. The sintering should be carried on
at a temperature at which a liguid phase is formed, so that
the combined pressing and sintering operation takes place
in the presence of a liquid phase. To simplify the hot-
pressing treatment, it may be preceded by cold-pressing
the powder mixture in the die in which it is then hot-
pressed.

The graphite dies should not be tco hard in order to
avoid their cracking. By subjecting the powder mass to
successive compacting and sintering treatments at suc-
cessively higher temperatures, refractory cemented boride
compositions of extremely high strength, density and hard-
ness may be produced. In order to improve its physical
characteristics, the Lot-pressed cemented refractory boride
material may be subjected tc a similar additional sintering
treatment within a protective atmosphere.

Strong sintered cemented bodies of the invention may
also be produced by first cold-pressing the fine powder
mixture into a green compact with a pressure from 1 to
about 35 t. 5. i, followed by sintering in a non-oxidizing,
non-carburizing atmosphere, such as purified hydrogen or
purified cracked ammonia, at a temperature in the range
from about 1800° to 2400° C., for about one-half to
twelve hours.

Any of the known procedures for producing refractory
borides may be used in providing the refractory borides
for cemented refractory compositions of the invention.
Thus, the desired refractory metal boride may be pro-
duced by heating, as by induction within a graphite
crucible, the oxide of the desired metal, together with
boron oxide B203 and carbonm, to produce the desired
refractory metal boride by carbon reduction.

The desired refractory metal boride may also be pro-
duced by heating the metal constituent and boron within 2
crucible under a protective cover which prevents oxidizing,
carburizing, or nitriding of the contents. The desired
refractory metal boride may also be produced by aluminum
thermite reduction of the metal oxide and of boron oxide
B20s.

The metal boride powder of 98% to 99% purity is
ball milled to size under a cover of purified mineral ofl
in an atmosphere of purified argon to reduce the powder
particles to an average size of about 2 microns, or in gen-
eral, of the order of 1 to 2 microns. If the ball-milling
to size is carried on in a steel ball mill, the ball milled
powder particles are subjected to a leaching treatment
with very dilute sulphuric acid in a concentration of 1 to
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30 for dissolving the iron contents, whereupon the powder
is washed with water, followed by washing with alcohol,
and drying. Good results are obtained by ball-milling to
size with a steel mill. .

In general, the same procedure is followed in produc-
ing the different refractory metal boride powders, in a
form suitable for use in the refractory cemented com-
positions of the invention by substituting the oxide of
the desired other metal for zirconium oxide.

The purified minute refractory boride powder particles
which constitute the principal ingredient, and the purified
comminuted minute cobalt boride particles of the addi-
tion substance, without or with the addition of minute
fine boron particles, are then mixed to provide an intimate
mixture of the fine particles of the different ingredients
having an average particle size of about 2 microns or less.
The mixing of the different ingredients may be effectively
carried out by ball-milling under an oxidation suppressing
cover such as purified mineral oil within an inert atmos-
phere of purified argon. The ball milled mass of the
mixed powdered ingredients is then cleaned of the oil
by filtering, and then leached, washed with alcohol and
dried. The resulting mass of mixed loose minute par-
ticles of the principal boride ingredient, the cobalt boride
ingredient, and of boron, if it is used as an ingredient, is
then ready for compacting and sintering treatments by
which a mass of the power mixture is formed into a
hard refractory structural material or body of the inven-
tion, having the desired shape.

Cemented hard, dense refractory metal boride struc-
tures of the invention having great hot-strength and cor-
rosion-resistance may be produced from a mass of such
fine loose powder mixtures by hot-pressing within graphite
dies. To this end, the loose pecwder mixture of the fine
powder particles is filled into a graphite die and hot-
pressed at pressures ranging from .5 to 5.5 t. s. i. at tem-
peratures from 1200° to 2500° C. for several minutes.
Tt is also good practice to produce such cemented bodies
by subjecting a mass of the powder mixture to successive
compacting and sintering operations at successively higher
temperatures as the compacted body is given its final de-
sired shape of the required dimension. It is thus possible
to obtain refractory cemented boride structures of unusual-
ly high strength, density, and hardness, which also ex-
hibit high corrosion-resistance.

Cemented refractory boride bodies produced by the hot-
pressing procedure described above may be subjected to
a further sintering treatment at temperatures in the range
from about 1800° to 2400° C. within a protective atmos-
phere, such as vacuum, super-dry purified hydrogen, or
purified cracked ammonia, for improving the properties
of the cemented body.

Cemented hard, dense boride structures of the invention
may also be produced from a mixture of such fine loose
powder particles prepared in the manner described above,
by cold-pressing, followed by a sintering treatment. The
cold-pressing of the powder mixture into the desired
shape may be effected in a steel die at room temperatures
with pressures from 2 to 35 t. s. i. The compact is then
sintered at a temperature ranging from 1800° to about
2400° C. within a vacuum, or in an atmosphere of purified
super-dry hydrogen or purified cracked ammonia. The
sintering may be effected either by induction heating of
the powder compacted mass, or by direct conduction heat-
ing. The sintering of the compacted mixture of minute
powder particles of the several ingredients is carried on
at such temperatures as to cause a formation of a liguid
phase in the compact.

Without in any way limiting the scope of the inven-
tion, but in order to enable those skilled in the art to
readily practice the same, there will now be described more
specific examples of practical applications thereof.

Thus, in producing cemented refractory boride mate-
rials of the invention with zirconium boride as the prin-
cipal ingredient, the mass of the powder mixture of
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6
zirconium boride powder with the powdered addition of
cobalt boride was hot-pressed within a graphite die which
was heated by direct electric current applied to the graphite
die and the compacted powder mixture by copper elec-
trodes directly connected to and engaging the graphite
die.
Example 1

A powder mixture of 85% zirconium boride and 15%
cobalt boride, hot-pressed with 3.5 t. s. i. pressure at a
temperature of 2050° C. for about one minute gave a
cemented body of the following characteristics: Modulus
of rupture 125,000 p. s. i.; Rockwell A hardness 89;
density, 5.0 g./cc.; and electrical resistivity, 60 microhms-
cm.
Cemented refractory boride bodies of the invention
made with powder mixtures containing only 5% cobalt
boride, and with powder mixtures containing 20% and
25% cobalt boride, balance zirconium boride, have gen-
erally similar, but slightly inferior physical character-
istics. Cemented bodies made of powder mixtures con-
taining cobalt boride in amounts of more than 25% and
less than 5% of the total composition of the body, balance
zirconium boride, have generally similar, but somewhat
more inferior physical characteristics.

Similar cemented bodies of the invention containing
85% zirconium boride as the principal ingredient, and
10% cobalt boride with 5% boron as additional in-
gredients, have physical characteristics generally similar to
a body containing only 15% cobalt boride as an addition
ingredient, being however, slightly inferior to the latter
body. In general, cemented bodies of the invention con-
taining a supplemental addition of boron in addition to
cobalt boride are somewhat inferior in physical character-
istics to bodies in which the entire amount of the addi-
tion substance is formed by cobalt boride.

In producing cemented refractory boride material of
the invention with zirconium boride as the principal in-
gredient, the mass of the powder mixture of zirconium
boride powder with the pewdered addition of titanium
boride was hot-pressed within a graphite die which was
heated by direct electric current conduction supplied to
the graphite die and the compacted powder mixture by
copper electrodes directly connected to and engaging the
graphite die.

Example II

A powder mixture of 85% zirconium boride and 15%
titanium boride, hot-pressed with 3.5 t. s. i. pressure at 2
temperature of 2050° C. for about one minute, resulted
in a cemented body of the following characteristics:
Modulus of rupture 90,000 p. s. i.; Rockwell A hardness
88; density 4.2 g./cc.; electrical resistivity 60 micrchms-
cm.
Similar bodies made in the same way of a powder mix-
ture containing 90% zirconium boride and 10% titanium
boride, and of a powder mixture containing 80% zir-
conium boride and 20% titanium boride, had somewhat
inferior physical characteristics than the body made of
85% zirconium boride and 15% titanium boride.

Cemented refractory boride bodies of the invention
made in the same manner with powder mixtures contain-
ing 20% and 25% titanium boride, balance zirconium
boride, had generally similar, but somewhat more inferior
physical characteristics.

Similar cemented bodies of the invention containing
85% zirconium boride as the principal ingredient, and
10% titanium boride, with 5% boron as additional in-
gredient, had physical characteristics generally similar
to a body containing 15% titanium boride, as an addition
ingredient.

In order to improve the hot-pressed cemented re-
fractory boride bodies of the examples of the invention
described above, they may be subjected to an additional
sintering treatment at temperatures in the range from
800° to 2400° C. in a vacuum furnace within a protective
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atmosphere such as purified hydrogen.. The sintering is
carried on at a temperature at which a liquid phase exists.

Similar cemented bodies of a mixture of zirconium
boride powder and titanium boride powder in the propor-
tions given above, without or with an addition of boron,
may also be produced by cold-pressing, followed by
sintering at an elevated temperature of about 1800° to
2400° C. within a protective atmosphere, such as purified
dry hydrogen, or purified cracked ammonia. By way of
example, a powder mixture containing 85% zirconium
boride and 15% titanium boride, compacted at room
temperature in a steel die with 15 t. s. i., and then
sintered at 2400° C. in a protective atmosphere for six
hours, resuited in a body having physical characteristics
of the same order, but somewhat inferior to those ex-
hibited by the corresponding hot-pressed body.

Fach of the cemented refractory boride compositions
of the invention of the type described above has a rela-
tively high electrical conductivity compared with known
prior art cemented hard refractory bodies. The higher
electrical conductivity of such bodies of the invention,
and their correspondingly high heat conductivity con-
tributes to their great practical value in applications such
as gas turbines, where they are exposed in operation to
high temperatures.

When the mixture of the mass of the refractory metal
boride particles constituing the principal ingredient to-
gether with powder of a boride of cobalt, titanium,
nickel and iron without boron powder as an addition sub-
stance, is subjected to compacting and sintering treat-
ments to produce cemented refractory bodies of the in-
venticn such as represented by the examples given above,
liquid phases are formed during sintering at high tem-
perature. As a result, the cemented body so produced
may not actually constitute a composition containing the
mixture of the original ingredients out of which it was
formed, but rather a system combining the constituents
of the principal refractory boride ingredient with the
constituents of the addition substances bound in a unique
way which is eflective in giving the resulting cemented
bedy its unusual physical characteristics. Thus, by way
of example, in case of a cemented refractory body pro-
duced in accordance with the invention out of a mixture
of zirconium boride and titanium boride powder par-
ticles, hot-pressed with 3.5 t. s. i. pressure, at a tem-
perature of 2050° C., such cemented body constitutes
a system of zircopium, titanium and boron, in which
these constituents are present in proportions correspond-
ing to the mixture of the zirconium boride and titanium
boride powder particles out of which the cemented body
was formed.

Refractory bodies made out of one or more of the
other principal refractory boride ingredients, to wit, a
boride or borides of vanadium, columbium, tantalum,
chromium, molybdenum and tungsten, with an addition
of a less refractory boride of cobali, titanium, nickel
and/or iron, without or with a further addition of boron,
may be produced in the same way as the examples de-
scribed above, and they have physical characteristics of
the same order.

The same applies to cemented bodies made with solid
solutions of the different boride ingredients without or
with the boron addition.

As explained above, such cemented refractory boride
bodies of the invention may be made by combining 3%
to 35% of either cobalt boride or titanium boride, or
nickel boride, or iron boride, or mixtures thereof, with
the refractory borides constituting the principal ingredi-
ents. Where boron is included as an addition substance,
desirable bodies may be made by including boron in an
amount of 2% to 20% of the total composition pro-
vided the total amount of the addition substance does
not exceed about 25% of the total composition. How-
ever, cemented refractory bodies of superior physical
characteristics are obtained by confining the amount of
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the addition substance to a more limited range, name-
ly, the addition boride substance to from 10% to
20% of the composition, and where a boron addition
is used, the added boron should be confined to from
5% to 15% of the composition, in which case the com-
bined amount of the addition substance, to wit, the
total amount of the boride addition and of the boron
addition should be confined to from 10% to 20% of the
total composition. -

The novel principles of the invention will suggest var-
ious modifications thereof, and it is accordingly desired
that the invention shall not be limited in any way to
any of the specific exemplifications described herein.

This application is a continuation-in-part of applica-
tions Serial Numbers 170,241 and 170,242 both filed
June 24, 1950 and both now abandoned.

I claim:

1. A hard, substantially homogeneous solid material
consisting essentially of cemented particles of a major
ingredient and of an addition ingredient mixed there-
with and compacted under pressure. and heated at an
elevated temperature between about 1200° C. and 2500°
C. at which a liquid phase is formed of the substance
of at least said addition ingredient, said major ingredient
constituting 97% to 65% of said material and consist-
ing essentially of at least one boride of at least one metal
of the class consisting of zirconium, vanadium, niobium,
tantalum, chromium, molybdenum and tungsten, said
addition ingredient constituting 3 to 35% of said ma-
terial and consisting essentially of a less refractory boride
of the class consisting of cobalt boride, titanium boride,
nickel boride and iron boride, said material constituting
a system combining the chemical elements out of which
said ingredients are constituted in proportions in which
they are present in said ingredients.

2. A hard substantially homogeneous solid material
consisting of cemened refractory boride particles form-
ing 97% to 65% of said material and selected from
the class consisting of borides of zirconium, vanadium,
niobium, tantalum, chromium, molybdenum, tungsten
and mixtures of at least two of said borides, said re-
fractory boride particles being bonded by a solidified
bonding phase forming 3 to 35% of said material and
formed of a boride of at least one metal selected from
the class consisting of cobalt, titanium, nickel and iron
and having a lower melting temperature than said refrac-
tory borides.

3. The method of manufacturing hard corrosion-resist-
ant material, which comprises providing an intimate mix-
ture of more refractory boride particles selected from
the borides of at least one metal of the group consisting
of zirconium, vanadium, niobium, tantalum, chromium,
molybdenum and tungsten, together with less refractory
boride particles selected from the group consisting of the
borides of cobalt, titanium, nickel and iron, the more
refractory particles forming 97% to 65% and the less
refractory particles forming 3% to 35% of said mix-
ture, compacting said mixture under pressure and heat-
ing the compacted mixture of said particles at an ele-
vated temperature between 1200° C. and 2500° C., at
which a liquid phase is formed of at least some of the
substance of said less refractory boride particles, and
thereafter cooling the heated particle mixture to a lower
temperature at which said liquid phase. is solidified and
bonds the refractory particles into a hard material.

4. A material as claimed in claim 1, the major in-
gredient consisting essentially of zirconium boride.

5. A material as claimed in claim 4, the addition in-
gredient consisting essentially of cobalt boride. and form-
ing at most 25% of said material.

6. A material as claimed in claim 1, the major ingre-
dient consisting essentially of zirconium boride, and the
additicnal ingredient consisting essentially of titanium
boride and forming at most 25% of said materials.

7. The method as claimed in claim 3, the more re-
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fractory boride consisting essentially of zirconium boride,
and the less refractory boride consisting essentially of
cobalt boride. and forming at most 25% of said material.

8. The method as claimed in claim 3, the more re-
fractory boride consisting essentially of zircomium bo-
ride, and the less refractory boride consisting essentially
of titanium boride and forming at most 25% of said
material.

9. A hard, substantially homogeneous solid material
consisting essentially of cemented particles of a major
ingredient and of an addition ingredient mixed there-
with and compacted under pressure and heated at an
elevated temperature between about 1200° C. and 2500°
C. at which a liquid phase is formed of the substance
of at least said addition ingredient, said major ingredient
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constituting 97% to 65% of said material and consist-
ing essentially of at least one boride of at least one metal
of the class consisting of zirconium, vanadium, niobium,
tantalum, chromium, molybdenum and tungsten, said
addition ingredient constituting 3% to 35% of said ma-
terial and consisting essentially of at least one less re-
fractory boride of the class consisting of cobalt boride,
titanium boride, nickel boride and iron boride.
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