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', 6 Claima.

The present invention relates to a method for
fabricating wire drawing dies from powdered
materials. .

A wire drawing die usually comprises a central

5 Portlon called the nib which is supported in a
relatively heavy surrounding band of metal called
the die-holder. Heretofore if the nib was made
of cemented tungsten carbide or like material it
was customary first to form the nib into 8 de-

* 10 Sired exterior shape by pressing a powdered mix-

ture of a refractory carbide and binder element -

therefor, for example about 949% tungsten car-
bide and 6% cobalt, in a steel mold and under
pressure of about 20-30.tons per square inch.
15 The exterior shape of the pressed material was
made slightly conical to. permit easy removal
from the mold. The shaped mass was sintered
together at a temperature of about 900° C. for
one-half hour to give it stfficient strength to
9o Permit handling. An opening was then drilled
along‘ the axis of the nib. The latter operation
was accomplished by means of steel twist drills.
Since cemented carbide is very hard material,
even when sintered at a temperature as low as
25 900° C., the drilling operation was slow and the
drills lost their edge quickly thereby necessitating
frequent resharpening,
After the drilling operation the nib was usually
sintered in a hydrogen atmosphere for about 115
30 hours at 1400° C. This latter treatment formed
the nib into an extremely hard product ready to
be mounted in the die-holder. The latter was
provided with a central opening of slightly
greater diameter than the nib, the lower part of
55 the opening being contracted to form a ledge or
support for the nib. The nib was placed on the
ledge and surrounded by a quantity of copper
sufficient to substantially fill the gap between the
nib and holder. The die was then placed in a
" 40 hydrogen furnace and heated to about 1100° C.
to braze the nib to the die-holder. Thereafter
the die was removed from the furnace and placed
in a lapping machine. By means of a mixture
of abrasive materials and oils and the use of
45 forming tools having suitable angles, the axial
opening through. the die was gradually worn
away to a shape suitable for wire drawing pur-
poses.
The prior process of manufacturing cemented
"50 carbide dies is a long one and must be carried
out by experienced operators having special skill
since the dimensions and contour of the opening
through the die must be minutely accurate. Pur-
thermore, it is not unusual to wear out several
55 forming tools in providing the proper shaped
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opening through each die, the forming tools
usually being made of relatively soft material
such as iron. :

It is one of the objects of the present invention
to provide a simple, cheap and efficient process
for manufacturing wire drawing dies from pow-
.dered materials and particularly from powdered
materials consisting of a refractory carbide and
& binder metal therefor. Other objects of the
-invention will appear hereinafter. .

The novel features which are characteristic of
the present invention are set forth with particu-
larity in the appended claims. 'The invention.
itself however will best be understood from ref-
erence to the following specification when con-
sidered in connection with the accompanying
drawing in which Fig. 1 represents a view partly
in section and partly in elevation of an apparatus
whereby my invention may be carried into effect;
Fig. 2 is a view partly in section and partly in ele-

vation of a portion of the mold disclosed in Fig. 1; .

- Fig. 3 iIs a cross sectional view of a wire drawing
die formed in accordance with the present inven-
tion; Fig. 4 is a cross sectional view of a modifica-
tion of a portion of the apparatus disclosed in
Fig. 2. Pig. 5 Is a perspective view partly broken
away of a modified form of apparatus which may
be employed in carrying out my invention, while
Figs. 6, 7, 8 and 9 are cross sectional views of g

" portion of & carbon mold disclosing successive

_ steps employed in manufacturing both a die-
holder and die nib from powdered materials.

Referring more particularly to the drawing, I
have indicated at i0 and 1 a pair of graphite
blocks each provided with cooperating semi-cir-
cular openings extending longitudinally there-
through to provide a cylindrical opening adapted
to accommodate & mold designated as a whole by
the numeral 12. The mold 12 comprises a hollow
cylindrical metal die-holder 13 and a hollow
graphite cylinder 14 the external and internal
diameters of which are equal respectively to the
external and internal diameters of the die-holder
13. A graphite plug or core member (5 closes
the lower portion of the die-holder {3. The core
i§ is provided with a stem. {6 which is curved
adjacent its lower end to have the exact contour
of the opening desired in the die nib. .Stem 16"
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is long enough to extend completely through the -

die-holder 13 and is enlarged at its lower end to
provide a short cylindrical portion i7T having sub-
stantially the same diameter as the internal di-
ameter of the die-holder 13. . .
In fabricating the die nib, the die-holder i3,
graphite cylinder 14 and core 15 are assembled as
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disclosed in Fig. 2. A mixture of powdered ma-
terials 18, for example tungsten carbide and co-
balt or any desired mixture, is then placed in the
mold. A graphite plunger {9 provided with a

"central longitudinal opening therethrough to ac-

commodate stem 16 is then positioned in the cyl-
inder 14 to apply pressure to the powdered mix-
ture 18. The assembled mold is then placed be-
tween the carbon blocks 10 and f1 as indicated
in Pig. 1. An electric current is supplied to the

. mold through a pair of water cooled terminals
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(4

20 and 21 connected to a suitable source of elec-

.tric current supply. A current is employed which

is sufficient to heat the powdered mixture 18 to
its sintering temperature which in general is
above 1000° C. With the apparatus disclosed the
temperature of the powdered material cannot be
observed directly but may be determined approx-
imately from the temperature of the die-holder
{3. For this purpose each of the blocks 10 and i1
is provided with a semi-circular opening 22 which
openings cooperate to form a circular opening
through which the temperature of the die-holder
may be read directly with an optical pyrometer.

5 As the powdered mixture is heated, pressure is

simultaneously applied thereto through the
graphite plunger 18 to thereby compress the
powdered mixture {8 into a hard dense mass sub-
stantially free from voids. The pressure and
heat are supplied for a few minutes only. Dur-
ing this time the powdered material comprising
the nib becomes securely welded to the die-hold-
er 3. After the sintering operation is com-
pleted the mold is taken apart and the die, after
a simple polishing operation on the nib, is ready
for use. o

It is particularly desirable in a wire drawing
die that the nib portion be non-porous and free
from voids. This may be accomplished by em-
ploying graphite plunger 19, as heretofore pointed
out, to compress the powdered mixture while it
is heated at its sintering temperature. If, how-
ever, it is desired .to insure the production of
an extremely dense product this may be ac-
complished by employing higher pressures than
may be employed with a carbon plunger. Under
such circumstances the plunger i1 may be made
of molybdenum, tungsten or any hard and re-
fractory material such as quartz, alumina, mag-
nesia, etc. When a metal plunger is employed it
is necessary to prevent the plunger from becom-
ing welded to the sintered material. ‘This may
be done by inserting a thin disc of fine grade
carborundum paper between the powdered ma-
terial and the plunger. . :

Tt is preferable to apply initially a gentle pres-
sure to the powdered materials to prevent rup-
ture of the graphite cylinder (4. As soon how-
ever as plunger 19 has entered the opening in
the die-holder |3 the graphite cylinder 14 merely
serves as a guide for the plunger I8 and great
pressures can thereafter be applied to the heated
materials since the force tending to rupture the
mold is then applied directly to the metal die-
holder 13. . : -

After the die has been in use for some time arnd
the nib has worn away so that the opening there-
through is too large it can be shrunk to a smaller
size by placing the die between the graphite core
15 and graphite plunger {9, inserting the. as-
sembled members between blocks 18 and 11 and
applying pressure to the die nib by means of the
plunger 19 while the nib is heated to & tempera-.
ture above 1000° C. - )

Although I have illustrated my invention in
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connection With tungsten carbide and cobalt the
invention is not limited to these materials.

. Other refractory carbides, for example molyhde-

num carbide, tantalum carbide or columbium
carbide or mixtures of carbides may be substi-
tuted for tungsten carbide. Furthermore other
binder metals having a lower melting point than
the carbide employed therewith, for example
nickel or iron, or metals of the iron group in
combination with metals such as molybdenum,

10

tungsten, chromium or aluminum, may be Sub- -

stituted for cobalf.

1 have illustrated the present invention in con-

nection with a die having a circular opening
therethrough. My invention however is not
limited to dies having this particular opening.
In accordance with my invention, dies with
square, hexagonal or other shapes may be formed
readily by employing a graphite or quartz core,
corresponding to core 15, and shaped to have
the contour desired in the finished die nib.

The graphite core 15 disclosed in Fig. 2 is made
in one piece. Tn certain cases however, where
the diameter of the opening through the nib to
be fabricated is very small, for example about
60 mils or less, it may be desirable to form the
stem portion of the core from quartz. A core of
this character is disclosed in Fig. 4 in which a
quartz stem 23 extends through the core 15 and
cooperates with the lower curved portion 9 of
the stem portion thereof.

The die-holder 13 is preferably made of mo-
Iybdenum or an alloy thereof and may be fabri-
cated in several ways. It may for example be

made from a sintered bar. The latter may be,

swaged into a round shape and cut into portions
having the desired thickness. These portions
are then drilled to provide a ring -shaped struc-
ture such as shown at 13 in Figs. 2 and 3. I
prefer to form the die-holder from powdered mo-

lybdenum or a mixture of powdered molybdenum

with other metal. This may be accomplished
with the apparatus disclosed in Figs. 5-9 inclu-
sive. In these figures I have disclosed a split
graphite mold 24 the opposite contacting portions

. of the mold being provided with semi-circular

openings which cooperate to provide a central
opening . in which hollow cylindrical graphite
plungers 25 and 26 may be inserted.

In manufacturing the die-holder 13 from pow-.

dered material, plunger 26 is first inserted in a
graphite mold and a graphite rod 27 inserted in
the opening in the plunger 26 as indicated in
Figs. 6 and 7. Enough powdered material 28 to
form the die-holder is then placed on top of the
plunger 26 and around the rod 27. Graphite
plunger 25 is then slid over the rod 27 and into

.contact with the powdered material. Pressure is

then applied to the hollow plungers 25 and 26
by means of movable pressure members 29 and 30

indicated in Fig. 5. At the same time that pres-

sure is applied to the powdered material an
electric current of sufficient intensity to sinter the
‘powdered material is supplied to the carbon mold
through water cooled terminals 31 and 82,

‘When the powdered material has been pressed
and sintered as indicated in Fig. 7 the assembled.
plungers 25 and 26 and rod 27 are removed from:

the mold 24 and the rod 27 pushed out of the
plungers 25, 26 and die-holder 28. A graphite
plug or core 33, similar to core 18 and the upper
end of which has a projecting stem 34, is then
inserted through the graphite cylinder 26 and

" the sintered die-holder 28. The lower end of the

projecting stem 34 is shaped to have & confour
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similar to that desired in the finished die nib.

. Powdered material 35, which may be g mixture of

10

15

20

tungsten carbide and cobalt or other suitable
material, is now inserted on top of plug 38 and
around stem 34 and a plunger 36 inserted in the
graphite cylinder 25. The assembled cylinders
and die-holder and powdered material are then
placed within the mold 24 and pressure applied
to the plunger 36 while the powdered material 35
is simultaneously heated to its sintering temper-
ature by means of current supplied through the
terminals 31 and 82, : _

When the die-holder is made from powdered
material, it is not only possible to carry out the
manufacturing operation quickly and efficlently
but there is an added advantage in that the die-
holder may be made from combinations of vari-
ous powdered materials which will provide a die-

holder having substantially the same coefficient-

of expansion as the nib portion of the die. For
example, a die-holder consisting of molybdenum
and tungsten may be employed with a die nib
having a composition of about 87% tungsten

" carbide and 13% cobalt, or & composition of 94%
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_ formed exactly so .that very little lapping is
necessary to prepare the die for wire drawing’
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tungsten carbide and 6% cobalt. The 13% cobalt
composition has a coefficient of expansion slightly

higher than that of molybdenum while the 6%

cobalt composition has a coefficient slightly be-
low that of molybdenum. - 'The addition to the
molybdenum of a suitable amount of tungsten
powder, which has a coefficient of expansion
below either of the above compositions of tung-
sten carbide and cobalt, would give any desired
coeflicient between these two extremes. 'This is
particularly important since the die nib may
crack at the boundary betwen the nib and die-
holder unless the coefficlent of expansion of
the two are substantially identical.

A die made in accordance with my process has
several advantages, for example a great saving
may be effected in the time required to make the
die due to the elimination of many operations
heretofore necessary in the fabrication of
cemented carbide wire drawing dies. Further-
more the angular contour of the die nib may be

operations. The hole through the nib is exactly
concentric and coaxial with the holder and the
nib is made an integral part of the holder so that

copper brazing or shrinking. is not necessary. .

Moreover, the nib does not require & supporting
ledge on the holder since it is integrally joined
to the latter member. , '

What I clalm as new and desire to secure by
Letters Patent of the United States, is:

1. The method of forming a wire drawing die
comprising a die holder and nib which comprises
compressing the powdered ingredients compris-
ing said nib within sald die holder and between
& plunger and a non-metallic plug while said
Ingredients are heated to their sintering temper-
ature, said plug being provided with a central
non-metallic stem extending through saild die
holder and having substantially the contour de-
sired in the finished nib and removing said plug
and stem. ) .

3

2. The method of forming a wire drawing die
comprising a die holder and nib which comprises
compressing the powdered ingredients compris-
ing said nib within sald die holder and between g
plunger and a non-metallic plug while said in-

gredients are heated to their sintering temper-

ature, sald plug being provided with a central
non-metallic stem extending through said - die
holder and having substantially the contour de-

- sired in’the finished nib and removing said plug

and stem, said powdered ingredients consisting
substantially of & refractory carbide and a
cementing metal therefor, said cementing metal
having a lower melting point than said carbide..
3. The method of forming a wire drawing die
comprising a die-holder and nib which comprises
inserting within a die-holder of uniform internal
diameter a non-metallic core provided with a
stem having substantially the contour desired in
the finished nib, said core serving as a closure

member for one end of the die-holder and press-

ing a powdered composition positioned within
said die-holder and around said stem while said
composition is heated at a temperature above
1000° C. - '

4. The method of forming a wire drawing die
comprising a holder having a hore of substan-
tially uniform diameter and a nib portion which

comprises positioning a non-metallic plug in one.

end of said bore to form a closure therefor, said

plug being provided with an upwardly extending -

stem having substantfally the contour desired
in the finished nib, placing powdered material
within said bore and on sald plug, applying pres-
sure to said powdered material, heating the

" pressed ‘material to its sintering temperature,

and removing sald plug from the sintered nib.,
5. The method of forming & wire drawing. die
comprising a holder having & bore of substan-

tially uniform diameter and a nib portion which .

comprises positioning a non-metallic plug in one

end of said bore to form a closure therefor, said -

plug being provided with an upwardly extending

~ stem having substantially the contour desired in

the finished nib, placing powdered material with-

in sald bore and on said plug, heating said holder .
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and powdered material to an elevated temper-

ature, simultaneously applying pressure to' the
powdered material only to thereby weld it to said
holder, and then removing sald plug. -

6. The method of forming a wire drawing die
comprising a molybdenum holder having a bore
of uniform diameter and a cemented carbide nib
portion which comprises positioning & non-

_ metallic plug in one end of said bore to form a

closure therefor, sald plug being provided with
an upwardly extending stem having substantially
the contour desired in the finished nib, placing
mixed powdered ingredients - comprising said
cemented carbide nib within said bore and on
said plug, simultaneously applying heat .and
pressure to said mixed powdered ingredients to
simultaneously sinter the mixture end weld it to
said holder, and removing said plug from the
sintered nib. - -

GEORGE F. TAYLOR.
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