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This invention relates to the manufacture of
cemented hard metals, in particular for tool ele-
ments.

Cemented hard metals are usually manufac-
tured from one or more hard and refractory car-
bides, such as of tungsten, molybdenum, titani-
um, boron, columbium, tantalum and vanadium.
The selected carbide or carbides, or solid solu-
tions of two or more carbides are comminuted,
then admixed if desired with other carbides and
a binder essentially of the iron group, the mix-
ture shaped under pressure and finally sintered
preferably at a temperature between about 1350°
to 1600° C,

Of the metals of the iron group cobalt was
preferred, because of its property not to dissolve
or to combine with carbon or the carbides to any
great or detrimental extent. It cements however
or superficially alloys very well with the carbides,
and forms a satisfactorily tough binder phase in
the sintered product.

Nickel does neither form nor dissolve carbides
to any appreciable extent and is therefore also
suited for a binder phase in cemented simple or

. multi-carbides. Its toughness is however not as’

great as that of cobalt. )

Iron is of course a tough material, available in
great quantities and inexpensive, compared with
nickel and cobalt. Iron has however the property

of forming or dissolving the hard carbides rela- 3

tively easily. Although iron which contains com-
bined carben in amounts below 1.7% and prefer-
ably below .9% wotuld form the best binder, there
are no means available to date for preventing
the iron from absorbing larger carbon amounts
and thereby becoming brittle and less strong
than compositions of iron containing a smaller
percentage of carbon and therefore resembling
steel. Furthermore, during sintering the iron
takes away carbon from the hard carbides and
reduces them to the pure metals to an undesir-
ably great extent.

It is an object cf the invention to make possi-
ble the use of iron centaining any desirable
amount of combined carbon, up to 1.7% and
probably small amounts of other alloying ele-
ments well known for alloy steels, without decar-
burizing or detrimentally affecting the carbides
to b2 cemented in a sintering process.

It is a further object of the invention to pro-
duce a binder phase substantially consisting of
cteel or alloy steel preferably in g synthetic man-
ner without detrimentally affecting the carbides
and without substantially changing the content
on combined carbon of the binder phase.
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These and other objects of the invention will
be more clearly understood when the specifica-
tion proceeds.

According to the invention, the carbide or car-
bides are comminuted to a desired degree, so as
to pass e. g. a 200 mesh sieve, and admixed with
at least two types of binders in af least two sub-
sequent mixing steps.

As a first type of binder a material is used
which does not combine to any substantial or
detrimental extent with carbon during final sin-
tering and therefore cannot decarburize or de-
teriorate the carbides or diamonds at sintering
temperatures. -

As a second type of binder a material is used
which is essentially tough and capable of alloying
with the first type of binder. The second type
of binder is chosen without having primarily re-
gard to its property of combining with carbon.

According to the invention, in the Arst mixing
step the comminuted carbide or carbides are ball
milled preferably in the presence of a liquid such
as water, carbontetrachioride etc. with the first
type of binder until the carbide particles are
densely covered with a film of that binder.
Thereafter the carbide particles so covered with
the first type binder are admixed preferably in a
ball mill with the second type binder which is ad-
vantageously comminuted to the same or a higher
degree of fineness than the carbide and first type
binder, e. g. to a particle size less than 3 microns
or recovered by chemical reduction in finest dis-
tribution. Thereby the second mixing step can
be performed within a short period of time and
without impairing the film previously produced
on the carbide particles in the first and more pro-
tracted ball milling process.

Taking as a first example the manufacture of
cemented tungsten carbide, one proceeds accord-
ing to the invention advantageously as follows:

Tungsten carbide (WC) is prepared according
to any stitable process and comminuted by wet or
dry ball milling to an average particle size so as
to pass a 200- to 325-mesh sieve, or even smaller,
e. g. 8 to 3 microns. This powder is admixed
with about 3% (by weight of the final body) of
cobalt powder preferably of the same particle
size as the tungsten carbide powder, and wet or
dry ball milled for about 36 to 96 hours. There-
by the carbide particles are further comminuted
and the cobalt smeared around them to form a
thin coat or film on each carbide particle. Ap-
plication of heat, up to about 400° to 600° C. and
preferably towards the end of the ball milling and
in a protective atmosphere, assists in completely
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and densely coating the carbide particles with the
cobalt. - This powder is then admixed with about
3% to about 7% by weight of the final body of &
powder consisting of 15 to 50 parts of pure or
ferritic sponegy iron powder and 50 to 85 parts of
steel and/or alioy steel. The steel powder is
preferably = spheroidized - by = heat treatment.
Thereby a powdery mixture is obtained which
contains 94% to 80% tungsten carbide, 3% cobalt
and 3% to 7% ferritic iron plus steel and/or al-
loy steel. - The iron and steel (or alloy steel). pow-
der are preferably of an average particle size e. g.
from about 15 to 2 microns; the smaller particle
sizes are advantageously obtained by ball milling
the ferritic and steel powders for 12 to 48 hours
in the cold or heat (up to about 600° . C.) where-
by the iron is ultimately smeared around the still
further comminuted steel particles.

This- ultimate powdery mixture is milled with
or without balls or tumbled again but preferably
only for about 4 to 24 hours in the cold. The
carbide particles have been comminuted before
by protracted bali milling to a size which can
scarcely be further reduced in this last mixing
process, and thus the carbide particles covered
by the cobalt film substantially remain as they
were, and the last mixing mainly produces the
desired  intimate mixture between the cobalt-
covered carbide particles and the iron and steel
powder. Particularly if the steel particles were
previously spheroidized by heat treatment or dur-
ing mixing with the iron powder at elevated tem-
perature, they will not pierce the tobalt film to
any detrimental extenf® during mixing. If the
iron -and steel powders have not been previously
mixed; and both kinds of powders added to the
coated carbide particles, by ball milling the mix-
ture, the harder steel particles are further com-
minuted and eventually smeared with the soft
pure iron, and in the same way some pure iron
is- smeared over the:cobalt coat on the carbide
particles.

The mixture so obtained is then pressed to
shape, and finally sintered.

Assuming that the powdery steel contains .8%
combined carbon, its melting point is about 1390°
C., the lowest of all constituents of the mixture.
Upon heating, it softens therefore first and dif-
fusion of carbon contained therein into the pure
iron starts. Thereby the melting point of the
latter is decreased. However, no carbon diffuses
into the cobalt film which is incapable of form-
ing a carbide and the cobalt coat acts as a bar-
rier against diffusion of carbon from the tungs-
ten carbide into the ferritic iron and steel and
thus prevents decomposition of the tungsten car-
bide. Diffusion of carbon from the steel into
the iron starts well below 1000° C, and a liquid
phase develops at 1121° C. Equilibrium is at-
tained during sintering for about one to two
hours at about 1200 to 1330° C., and about 1390°
C. should not be exceeded during sintering if
total melting of the iron binder is to be avoided.

The iron in contact with -the cobalt films will,
as soon as a liquid iron phase develops at about
1121° C,, start -to alloy with superficial layers of
the cobalt film. Superficial layers of the cobalt
film in contact with the carbide particles will
start to melt and take some tungsten and car-
bide into solution only at about 1325° C. to 1350°
C. Thus a liguid cobalt-tungsten-carbon phase
will only develop when peak temperatures in sin-
tering the body are reached, whereby again any
detrimental effect of the iron phase upon the

tungsten carbide phase is prevented, It should 75.
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be  reiterated. that, while iron combines easily
with carbon at temperatures of and above about
1000° C., cobalt does not do so, and retains its
solid state as a film around the tungsten carbide
particles while the diffusion and sinterinig proc-
ess in the iron phase proceeds. The cobalt there-
fore stays as a barrier between the iron phase
and the tungsten carbide particles; it prevents
the attack on the latter by the iron phase and
thereby decomposition of the tungsten carbide
into tunegsten and carbon which may diffuse in
relatively larger amounts into the iron phase and
deterjorate the latter. ' This also prevents any
detrimental decomposition: of the tungsten car-
bide particles during sintering. Thus a sintered
body is finally obtained which consists of as uni-
formly as possible distributed tungsten carbide
grains thoroughly cemented with cobalt, and the
latter alloyed with a steel binder phase resulting
from the combination during sintering of the fer-
ritic and stee]l powders.

In order to obtain best results, sintering of the
pressed, shaped: mixture should be performed in
& particularly controlled manner and, of course,
in a preferably gaseous or vaporous atmosphere
which does not detrimentally affect the constit-
uents of the mixzture, such as desiccated hydro-
gen, carbon monoxide, nitrogen, etc.

The:  shaped - bodies are preferably - stoked
through a furnace comprising different heating
zones, so as to quickly heat the body to about
1000°: C. to 1120° C., and thereafter more slowly
to about 1200° C. (depending upon the average
carbon content of the iron phase), so as to effect
carbon diffusion and an as even as possible dis-
tribution of the carbon in the entire iron phase
whereupon the thus presintereqd body enters a
heating zone in which its temperature is raised
to between about 1325° to about 1390° C. : The
bedy should be subjected to this heat for about
10 to -about .30 minutes, if tungsten: carbide is
concerned in the presence of a binder composed
according to the example stated and the weight
of the body does not exceed about 3 to 50 grams.
Thereupon the body is slowly to be cooled to a
temperature below about 723° C, and at any rate
slower than to effect quenching of the iron
phase; thereafter the body might be cooled at
any desired rate.

It is also within the invention to heat the cold
pressed body fast to the final sintering tempera-
ture, within about 15 to 45 minutes, thereafter
to expose the body to the final sintering tem-
perature between about 1325° C. and about 1399°
C. for about 15 to about 30 minutes, and there-
after to cool it fast; in such event the carbon will
not be evenly distributed in the iron phase dur-
ing final sintering and the latter also quenched
or nearly quenched. However, thereby any ap-
preciable diffusion of carbon from the tungsten
carbide into the iron phase is definitely prevent-
ed while cementing of the cobalt with the car-
bide particles, alloying of the cobalt with ad-
jacent iron and steel particles, and sintering to-
gether of the iron and steel particles is satisfac-
torily effected. Thereafter diffusion and as even
as desired distribution of the carbon within the
iron phase alone can be conveniently obtained
by annealing the body at a temperature up to
about 500° to below 720° C., preferably for sev-
eral hours; within that relatively low tempera-
ture range the tungsten carbide cannot decom-
bose and none of its carbon diffuse through the
intermediate cobalt layer or cobalt-tungsten-
carbon eutectic into the iron (steel) binder phase.
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By such a procedure the high heat furnaces of
limited capacity will be used with utmost effi-
ciency and greatest output achieved. Annealing
can be effected in chambers of large-capacity at
relatively low temperatures and corresponding
small cost, and any desired structure of the iron
(or synthetic steel) phase produced.

In the way described in the above eéxample a
binder phase substantially consisting of steel or
alloy steel and cemented with the carbide par-
ticles by means of an intermediate cobalt phase
can be obtained. The steel may be of any suit-
able composition and contain from .1% to 1.7%
cerbon; however & carbon content well below
9% is preferable. )

It is to be understood that the ferritic iron is
added in order to obtain a more easily compact-
ible mixture, and its amount is therefore to be
chosen accordingly. The smaller the absolute
amount of the iron phase, the larger should be
the percentage thereof consisting of substantially
pure or ferritic and accordingly pliable iron.

Therefore, if the iron phsase is very small, and
amounts e. 8. to only about 3% of the final body
(to which e. g. about 2% to 3% cobalt are to
be added), one may also proceed by admixing
the carbide particles, coated with cobalt, with
substantially pure iron powder only to which
solid carbon in desired amount is added.

Taking for instance a final mixture comprised
of 2% cobalt, 4% iron and 94% tungsten car-
bide, the iron powder is prepared separately by
admixing it with solid carbon, such as lamp black
in the amount required to form with the iron
the desired steel upon heating. Thus about .2%
to .8% carbon may be admixed to the iron by
milling it with or without balls for about one or
several hours, whereupon this iron-carbon mix-
ture is admixed with the cobalt-coated tungsten
carbide particles by milling them with or with-
out balls for a few hours. Thereby the soft iron
containing admixed carbon will be sufficiently
smeared around the cobalt-coated tungsten car-
bide particles so as to allow pressing and sin-
tering. During preferably fast heating to sin-
tering temperautre, the carbon will combine with
the iron in the desired manner, particularly as
soon as temperatures of about 1000° C. are ex-
ceeded. Again the cobalt coat will form a bar-
rier against diffusion of carbon from the car-
bide particles into the iron and vice versa during
sintering for about 15 to about 30 minutes below
ahout 1400° C.

Instead of admixing solid carbon to the iron
powder, an organic binder or slip may be ad-
mixed or stirred into the mixture of iron and
cobalt-coated carbide particles; this organic sub-
stenee of course contains carbon, and upon de-
composition and volatilisation of this binder, re-
spectively, the carbon contained therein com-
bines with the iton. Suitable binders of this
type are paraffii, naphthalene, tar and other
carbonaceous materials which sare viscous or
fluid at room or slightly elevated temperature
and decompose below about 1000° C. They also
facilitate molding to shape, and, if desired, com-
pacting the molded mixture upon heating to
about 180° to 400° C. so that the compact can
bhe -machined to exact shape before final sinter-
ing. g

carbide, it is known that it can be cemented
by cobalt, but perhaps in a better way by nickel.
Nickel does not forin stable carbides at elevated
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Taking as another example ceinented tantalum

78

3

temperature and is therefore usable to the same
effect as is cobalt.

Therefore, in cementing e. g, 90% tantalum
carbide with 3% nickel and 7% steel, one pro-
ceeds the same way as described before with ref-
erence to tungsten carbide, cobalt and iron.
First the tantalum carbide particles are commi-
nuted to & very small size and densely coated
with nickel, and thereupon the nickel-coated
tantalum carbide particles are admixed with an
equally comminuted mixture of ferritic iron and
steel or alloy steel particles. Sintering is per-
formed the same way as described above for ce-
mented tungsten carbide, the final temperatures
to be held below about 1400° C. All the detailed
exemplifications stated above with respect to ce-
menting tungsten carbide likewise apply to ce-
menting tantalum- carbide. It should also be
understood that instead of nickel, cobalt can be
used with tantalum carbide to the effects de-
scribed above.

If another binder phase than of steel or alloy
steel is used, such as cobalt steel, one proceeds
advantageously as follows. The carbide parti-
cles are admixed with about 2% to 3% cobalt,
finely comminuted to a particle size of below 8
microns and preferably a few microns or a frac-
tion of 1 micron, and covered with a dense co-
balt film, preferably at elevated temperature, up
to about 400 to 600° C. Separately a mixture of
iron, carbon and tungsten is prepared, compris-
ing about 16 to 30 parts of tungsten, about .3%
to .45% carbon, and traces to a few per cent of
vanadium and chromium as the case may be.

Tungsten rr powder of finest particle size is
used, of a few microns or a fraction of one mi-
cron, and admixed in a ball mill with the pure
iron and the other compcnents stated until the
tungsten powder is coated with the pure iron
containing the other admixtures. Thereupon the
cobalt-coated carbide particles are admixed with
3 to 7% by weight of the final body of said sep-
arately prepared mixture, by milling for a few
hours with or without balls or tumbling, the mix-
ture shaped and finally sintered at a tempera-
ture not exceeding about 1400° C. (and prefer-
ably 1390° C:) for 15 to 60 minutes. If a shorter
period of sintering is used, the product is cooled
preferably rapidly and thereafter annealed in
order to obtain as uniform as possible distribu-
tion of the carbon and other components in the
iron binder,phase and to produce a desired steel-
like structure.

In the above example it was assumed that co-
balt of the film will alloy with the iron binder
phase to an extent to form therewith the desired
cobalt-steel compositicn. It will be appreciated
that during sintering and/or annealing a sub- -
stantial amount of the cobalt film is given op-
portunity to diffuse into the iron phase and to
bring about the desired cobhalt-steel composition
which comprises about 3% to 30% cobalt, 12%
to 20% tungsten and well below .9% carbon, be-
sides. other alloying admixtures. If diffusion to

‘the desired extent of cobalt from the coat is not

attained during sintering and possibly subsequent -
annealing, cobalt in sufficient amount should be
admixed to the separate mixture of iron before
it is added to the cobalt-coated carbide powder.
As to the temperatures and effects all the details
pertain as stated above to the manufacture of
cemented tungsten carbide.

If a binder phas- consisting of copper-nickel-
steel iIs desired. the composition of which is in
general 9% to 19% Cu, 22% to 45% Ni, .2% to
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5% C, traces of phosphorus, sulphur, silicon,
manganese, and balance iron, one proceeds ad-
vantageously in the following manner.  The car-
bide particles are comminuted and coated with
2% to 3% by weight of the final body of nickel,
and separately a mixture is prepared consist-
ing of copper, iron, carbon and other constitu-
ents within the ratio stated above to form upon
sintering, and, if desired, annealing, & copper-
nickel-steel phase. Nickel may be added to this
separate mixture to the extent as not available
from the coating on the carbide particles. The
nickel-coated particles are then admixed by mill-
ing with or without balls for & few hours or tum-
bling with the above separately prepared mix-
ture and quickly heated to a temperature be-
tween about 1225° to 1350° C. The shape is kept
at that temperature for about 15 to 30 minutes.
If subsequent annealing is applied, sintering may
be effected for the shortest possible period, and
the body quenched.

It will be understood that in the use of cobalt
steel or copper-nickel-steel as exemplified above,

ferritic iron and solid carbon are preferred in .

the initial mixture. However, here again the
separate mixture may consist in part of ferritic
iron and in part of steel containing combined
carbon in such an amount that upon sintering
and, if desired, annealing, the average content
on carbon of the binder phase will be the desired
one. ‘Therefore, if the separate mixture consists
of e: g. 50% pure iron, the admixed steel parti-
cles should contain .7% carbon if the average
carbon content of the final binder phase is to
be .35% carbon.

Since copper is present in the copper-nickel-
steel, the amount of ferritic iron can be made
quite small since the added copper is pliable and
assists in molding & coherent compact. Thus,

a separate mixture amounting to 7% of the final 40

body to be sintered, may comprise e. g. 1% tc
1.4% Cu, 2% to 25% ferritic iron and 4% to
3.19% steel or alloy steel. Any other way of syn-
thetically arriving at the desired composition of
the final binder phase can be used. During sin-
tering the nickel will serve as a barrier for the
diffusion of carbon from the carbides into the
iron phase and vice versa.

One proceeds in a similar way if other kinds
of hinder phases are desired.

If an alloy of 15% to 45% Cu, 2% to 10% W
and 50% to '718% Ni is desired, one proceeds pref-
erably in preforming by melting this alloy and
comminuting it to a small particle size, approxi-
mately the same as the carbide particles. The
latter are comminuted by ball milling to the de-
sired size in the presence of nickel, Taking into
consideration that some alloying by diffusion and
melting will occur between the coat on the car-
bide and the alloy when sintered to about 1050
to 1325° C., the content of the separately pre-
pared alloy on nickel is to be reduced by the
amount of the constituent which will be supplied
froin the coat of the carbide particles during sin-
tering; the amounts of the constituents so de-
rived from the coat can be easily established by
experiment and are always smaller than the
amount used for coating the carbide particles
in order to maintain a barrier between the lat-
ter and the alloy and thereby to prevent carburi-
sation of the tungsten present therein.

If a chromium-steel is intended to be used for
the binder phase, a pre-alloy of chromium and
steel is preferably prepared, consisting of about

2,340,052

8% to 6% chromium, balance steel containing
about .2% to .8% carbon and traces of other con-
stituents of such type of steel (P, Mn, 8, Si, and
sometimes W). This pre-alloy is comminuted
5 to a particle size of about 5 microns and below,
and admixed with an equal amount of pure iron
in a ball mill whereby the latter is smeared
around . the alloy particles which are further
comminuted. The thus separately prepared pow-
19 der is admixed with a powder of carbide particles
coated with 2% to 3% nickel, by milling with or
without balls for a few hours or tumbling, and
the pressed to shape mixture sintered at a tem-
perature preferably not to exceed about 1325° C.
15 for about 15 to 30 minutes, if an average
weight—as in all the examplea given herein—of
the shape of about 5 to 50 grams is not exceeded.
During sintering - sufficient nickel diffuses into
the alloy and carbon Ifrom the pre-alloy into the
20 pure iron so as to obtain a satisfactorily sintered
body, while ultimate uniform distribution of the
carbon introduced by the pre-alloy into the
binder phase is advantageously attained by sub-
sequent annealing within the temperature ranges
25 stated above.

If nickel-steel is to be used as a binder, prefer-
ably a pre-alloy of nickel, iron and carbon and
other constituents usual for this type of steel is
formed by melting and subsequent comminuting,

30 and the pre-alloy admixed with the carbide par-
ticles which were coated by nickel in a protracted
ball milling process, preferably at elevated tem-
peratures, as described hereinbefore. From the
nickel coat nickel will alloy with the particles

35 of the pre-alloy during sintering and subsequent

annealing to form the desired binder phase.
Here again the binder phase can be produced
in & synthetic manner e, g. by admixing powdery
ferritic iron with: powdery steel containing a
proper excess of carbon and the other alloying
substances of nickel steel, and powdery nickel,
and admixing the sufficiently comminuted pow-
dery mixture with nickel-coated carbide parti-

.cles, pressing the mixture to shape and sintering

45 it for 15 to 30 minutes below 1400° C., cooling
and, if necessary, annealing.

If a “Stellite” binder is desired, comprised of
509% to 75% Co, 8% to 15% Cr and 8% to 30%

__ W (and preferably some Mo), one proceeds pref-

50 erably by separately preparing by melting a kind
of “Stellite” which is deficient in cobalt, com-
minuting it and admixing this powder with cobalt
coated carbide particles. Sintering of the shape
is thereafter performed at about 1400° C. for 15
to 45 minutes, whereby some of the cobalt coat-
ing of the carbide particles alloys with the “Stel-
lite” particles and makes up for the deficiency
of cobalt in the “Stellite” composition.

Here again care must be taken that not the

60 entire coat alloys with the “Stellite” in order to
prevent carburisation of the tungsten (or molyb-
denum) contained in the latter. This can be
attained by keeping the sintering temperature
well below the melting point of cobalt and cor-
recting the composition of the binder phase, if
needed, by subsequent heat treatment which in
this case may be performed at temperatures ex-
ceeding annealing temperatures of an iron phase,

70 but well below 1250° C. to 1325° C. at which tem-
peratures tobalt and carbides form a liquid phase
in contacting layers. A subsequent heat treat-
ment at about 1100 to 1200° C. for approximately
1 to 8 hours is preferred.

75 If the manufacture of cemented multi-carbides
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is Intended, it is preferred by the invention to
preform solid solutions of the carbides at ele-
vated temperatures well above 1600° C. up. to
about 2600° C. in a protecitive atmosphere, to
comminute the carbide solid solutions, add there-
to other carbides, if desired, and then to ball mill
the carbide material with cobalt, nickel, nickel-
copper, ete. as the case may be in order to ob-
tain a power of a particle size between about 5
microns to & fraction of 1 micron and to coat
the carbide particles with the softer barrier ma-
terial. The coated carbide particles are then ad-
mixed with & comminuted pre-alloy, or a powder
adapted to form synthetically the desired binder
phase, and sintering, cooling and subsequent heat
treatment (if desired) are effected as stated
above for simple carbides.

The period of sintering previdusly suggested
will also suffice for mere cementing the multi-
carbides if no additional solid solution formation
of the carbides is intended. If additional solid
solutions between the carbides are to be pro-
duced, sintering at highest temperatures is to be
protracted to about twice to about four times

the sintering period recommended above for .

simple carbides. - However, if binder phases con-
taining admixtures melting below about 1400° C.
are concerned, such as constituents like copper,
tin and zinc, such protracted sintering is of no

significant effect as to new solid solution forma. .

tion, and therefore solid solutions of the carbides
should be preformed to the entire amount de-
sired to be present in the final body.

It will be appreciated from the above that

according to the invention hard and refractory .

particles are bonded by means of a lower melt-
ing binder in & sintering process. The hard par-
ticles consist of refractory carbides of boron, ti-
tanium, silicon, tantalum, columbium, vanadium,
chromium, tungsten and/or molybdenum, solid
solutions and complex compounds thereof, such
as double carbides. The hard particles are com-
minuted preferably to below 1 micron diameter
and as densely as possible coated by a film of &
“barrier” magterial. This term which is also used
in the appended claims, is to be understood to

mean a material which does not chemically com- .

bine to any substantial or detrimental effect with
carbon, or boron, or nitrogen, as the case may be,
under the temperature conditions of a sintering
process. As barrier metals cobalt, nickel and cop-
per are to be considered in the first place. They
neither chemically combine nor form solid solu-
tions to any substantial extent (exceeding about
8 to 10%) with the refractory metals used to
form the hard carbide, a nitride or boride par-
ticles, and therefore alloy, if at all, only super-
ficially and in particular they form eutectics with
the hard particles so as to be firmly bonded with
them.,

The binder phase proper consists either entire-
ly or in part of other subtsances than the barrier
metal, but is in any event capable of alloying or
agglomerating with the barrier metal at least in
superficial contacting layers. Thereby a firm
bond between the barrier and the binder phase
is secured. As a consequence, the barrier phase
prevents detrimental changes in composition of
both the hard particles and the binder phase
proper and serves as & cementing intermediary
between the binder phase proper and the hard
particles. In a broader sense the binder phase
of course also comprises the barrier phase as
contrasted with the hard particle phase.

The binder phase proper is obtained from pow-
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dery constituents of an average particle size ad-
vantageously about the same as the hard par-
ticles. The powdery binder phase may either
consist of powders of the completed binder, or
of a mixture of powders which upon heat treat-
ment results in the ultimate desired structure
and composition of the binder phase.

In sintering, temperatures are to be attained at
which the barrier metal cements with the hard
particles and therefore plastification or incipient
fusion is caused in surface layers of the barrier
metul contacting the hard particles. In the same
way the sintering temperature must be suffi-
ciently high so as to cause by diffusion or fusion
at least superficial alloying of the barrier metal
witii constituents of the binder phase proper:
if the latter consists of two or more kinds of
powders, also alloying or agglomeration of the
particles of the latter powders is to be effected.
Here again it is sufficient that incipient fusion
of at least one constituent of the binder is
caused while complete melting of the barrier
material and binder phase proper should ad-
vantageously be avoided by properly timing the
sintering period.

The temperature and duration of final sinter-
ing is to be chosen so as to effect bonding of the
barrier metal and hard particles. These con-
ditions may be insufficient to obtain the desired
thorough alloying between the barrier and/or
binder phase material and/or to give the
latter the desired structure. In suc¢h cases .
subsequent or prior to final sintering heat
treatments are applied at temperatures and of
durations which secure proper alloying, ulti-
mate composition and desired structure of the
binder phase but do not detrimentally affect the
bond between the hard particles and the barrier
metal, and therefore should be considerably be-
low final sintering temperatures. If for in-
stance uniform distribution of the elements, e. g.
carbon within the binder phase proper is in-
tended, the shape can either be presintered or
annealed or both, at temperatures considerably
below final sintering temperature.

It should be understood thati the invention
is not limited to any exemplification or illus-
tration herein shown, but to be derived in its
broadest aspect from the appended claims.

What I claim is: .

1. In a method of producing cemented hard
metal compositions substantially' comprising a
carbide substance selected from the group con-
sisting of carbides of boron, titanium, silicon,
tantalum, columbium, vanadium, chromium,
tungsten and molybdenum as a major portion and
a considerably lower melting, substantially me-
tallic binder phase as a minor portion, the steps
of densely coating the particles of said selected
carbide substance having an average diameter
of about 8 microns to a fraction of 1 micron,
with metal selected from a first group of metals
essentially incapable of forming carbide and
consisting of cobalt and nickel, the amount of
said metal being appreciable and a fraction,
about two thirds as a, maximum, of said binder
phase, admixing said coated carbide particles
with pre-powdered components of the balance of

. said binder phase, said components selected from

a second group of tough metallic substances ca-
pable of alloying with metal selected from said
first group and consisting of iron, ferrous com-
positions of the type of steel including alloy
steel and compositions of a tungsten-chromium-
cobalt base, pressing the mixture so obtained to
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shape, and finally sintering it at temperatures
below the prevailing melting temperature of said
selected powdery components between about
1050° to about 1390° C., so as to bgnd the metal
selected from seid first group with said carbide
particles and to alloy it with the powdery sub-
stance selected from said second group, and &also
to sgglomerate the latter, so that on cooling a
dense and tough body is obtained.

2. A sintered, cemented hard metal composi-
tion substantially comprising particles of a car-
bide substance selected from: the group consist-
ing of carbides of boron, titanium, silicon, tan-
talum, columbium, vanadium, chromium, tung-
sten and molybdenum as a major portion and a
considerably lower melting, substantially metallie
binder phese as a minor portion, said particles

contacted by and densely conted with metal se--

lected from g first group of metals essentially

incapable of forming catrbide and consisting of
cobalt and nickel, the amount of said metal be-
ing appreciable and a fraction, about two thirds
as a maximum, of sald binder phase, said metal
bonded with said particles and alloyed, at least
in contacting surface layers, with the balance of
said binder phase, said balance selected from &
second group of tough metallic substances ca-
pable of alloying with metal selected from said

i6 first group and consisting of iron, ferrous com-

positicns of the type of steel including alloy
steel, and compositions of a tungsten-chromium-
cobalt- base.

3. In a method: as described in claim 1, the

13 application of heat of a temperature up to-about

400° to 600° C. in the step of densely coating
the particles of sald selected carbide substance.

JOSEPH O. OLLIER.




