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1

This invention relates to the consolidation of
metal powder, and more particularly, to an im-
provement in the method of and apparatus for
consolidating metal in & convenient and eco-
nomical manner.

The principal object of my invention, generally
considered, is an improvement in powder metal-
lurgy, and more particutarly in connection with
the manufacture of refractory metals such as
molybdenum and tungsten in coherent form.

Another object of my invention is to prevent
sticking to the supporting means during the
sintering operation, of refractory metal powder
after having been pressed into shape.

A further object of my invention is to provide
a, support for pressed ingots of refractory metal
powder, such as molybdenum and tungsten, dur-
ing the sintering operation, whereby sticking and
the formation of cracks during such sintering
treatment is obviated.

A still further object of my invention is the
provision of a corrugated support of refractory
metal for use during sintering to hold pressed
metal powder of corresponding character for uni-
form treatment by the ambient atmosphere in the
sintering furnace and to avoid sticking to the sup-~
porting slab or boaft.

Other objects and advantages of the invention
will become apparent as the description proceeds.

Referring to the scale drawing:

Fig. 1 is an axial sectional view of & furnace
containing pressed ingots or slugs of refractory
metal powder, during the process of sintering in
accordance with my invention.

Fig. 2 is a fragmentary perspective approxi-
mately full size view of an ingot, a supporting cor-
rugated metal plate, and an underlying slab or
boat, without the furnace shown in Fig. 1.

Fig. 3 is a view corresponding to Fig. i, but
showing only the supporting slab or boat, the cor-
rugated underlying supporting strip, and the em-
ployment of such a strip on top of the lower ingot
in order to allow for double or multiple decking
of such ingots.

In the final heat treatment of refractory metal
bars, and particularly molybdenum in a moist
hydrogen-bearing reducing atmosphere, or oné
preferably saturated at between about 20° C. and
40° C. with water vapor, at approximately 1600°
C., or between about 50% and 70% of its tempera-
ture of melting as measured in degrees C., de-
scribed and claimed as 28 «reversible reaction”
treatment in the T1all et al. application Serial No.
486,812, filed May 13, 1943, and the Hall et al.
application, Serial No. 511,392, filed November 23,
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1943, both cases now replaced by the Hall et al.
continuation-in—part application, Ser. No.
579,080, filed February 21, 1045, it is found desir-
able to use relatively long ingots, for example

g those of the order of 20"’ to 307’ in length, or such

lengths as can e conveniently pressed in molds
available. Ii, then, these ingots are large in cross
section, the weight per running inch is high and
where slabs or boats of refractory metal, such as

10 tungsten or molybdenum, are used to carry these

through 2 horizontal furnace, the pressed ingot,
especially on account of being rough, has a tend-
ency to weld onto the slab or boat, such welding
resulting from the same reaction and at the same
about the sintering of
the bar.

As this occurs before the shrinkage of the bar
is ended, such shrinkage being of the order of
159% to 17%. there is a tendency of the bar to pull

90 apart, developing transverse cracks at intervals.

T propose to avoid the foregoing difficulty by
using directly under the bar of molybdenum Or
tungsten a preferably transversely corrugated,
desirably resilient strip of thin molybdenum,

95 tungsten, or other similar refractory metal, there-

by not only supporting the latter at a plurality of
closely-spaced positions along its iength, and be-
cause of the resiliency of the strip avoiding con-
centration or substantial variation of pressure

30 at the support positions, put at the same time

holding the ingob above the floor of the furnace
and allowing for free circulation of the ambient
treating atmosphere, such as  web hydrogen,
around the ingot. I thereby provide for the

35 manufacture of metal of uniform strength and

density, avoid the jocal welding or fusion of the
ingot to the support, and at the same time make
it possible to double: or multiple deck the ingots.

Tn accordance with the Hall et al. applications,

40 previously referred to, refractory metal such as

molybdenum and tungsten are desirably manu-
factured in dense coherent form by pressing in
molds and then either sintering to final density or
firing at & temperature not high enough to cause

45 gctual sintering to the finished condition then

forming to shape, as by machining, and .after-
wards sintering fo final density, the sintering
temperature being about 1600° C., if molybdenum
is the metal. It1is the final sintering of such ma-

50 terial that I am particularly concerned with

and especially when said material is molybdenum,
although the same principle applies to other simi-
lar materials such as tungsten.

Referring to the drawing in detail, and first

55 considering the embodiment of my invention il-
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lustrated in Figs, 1 and 2, there is shown g furnace
' a middle or intermediate hot zone
any suitable heating means, such
as resistance wire 13 around a heating tube 14
and the whgle enclosed in suitable insulating
means such as altming or magnesia, 15 held in an
outer casing 20. At the front end (not shown)
there is g relatively cool vestibule portion. At the

rear or exit end there is g relatively cold tunnel - -

(not shown) the length of which is sufficient for
effecting the desired cooling of the treated mate-
rial and may be shortened by surrounding, at least
& part thereof, with g water cooling jacket (not
shown), ’ :

The furnace is provided with a pusher element;
18 as well as means for introducing and exhaust-
ing wet hydrogen. The pusher element 16 acts
on a slab or boat 7 of suitable refractory mate-
such as molybdenum or tungsten, upon which
rests a thin transversely or slightly diagonally
corrugated preferably resilient strip 18 of molyb-
denum, if the ingots being treated in said furnace
are molybdenum as is assumed in the embodiment
illustrated. A similar strip formed of tungsten
may be used for supporting molybdenum or tung-
sten ingots. -

{8, the upper portions

metal, pressed from the
with the said last-mentioned Han et al. appli-
cation. The powder Is to avold the Possibility
the sintering operation. It
may be sprinkled on dry or made into an aque-
ous, for example; suspension and painted. on the
top surface of the
tions,

ciably restricted by said powder. Tt will be un-
derstood that although I have shown an elongated
ingot rectangular

breviously referred to, especially noticed in treat-
ing long heavy Ingots, are avoideg by using my
invention,

It will, however, be understood that the cor-
rugations in the supporting strip are desirably

‘€qual portions of
the crest of each corrugation 21, rather than
having concentrated points of Pressure,

It will be seen that by virtue of the transverse

occurs during the sintering oberation.
The supporting corrugateq strip 18 may also
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be considered as an anti-friction device under
the ingot, allowing free sliding of the same there-
along during the shrinking operation, thereby
not only avoiding aly severe pressure and con-
sequent welding or sticking but allowing for
slight changes in the lines of support as the ingot

tendencies during sintering treatments,
Referring now to the embodiment of my in-
vention illustrated in Fig. 3, there is shown a
supporting slab™ {72, which mMmay correspond with
the slab 17 of the breceding embodiment shown,
said slab being used in a furnace as in said pre-
ceding embodiment, On the slab {72 is g corru-
gated strip of molybdenum or the like 182, corre-
sponding with the Strip 18 of the Preceding em-

bodiment-and likewise supporting g refractory

metal ingot [ge, assumed t0-be molybdenum and
formed of pressed powder like the ingot 19. On
the ingot 8= is g corrugated strip §gb correspond-
ing with the strip {82 gnd in turn supporting g
similar ingot {gb, The tops of the corrugationg
In the strips 18 and 18°, as well as the surfaces
supporting said strips,. desirably have applied
thereto films of refractory inert bowder, like the
tops of the corrugations in the strip 18. :

It “will, therefore, be

A satisfactory
used in sintering
1% width and 1”

embodiment  of the apparatus
slugs or molybdenum 24’* long,
thick, is g plate of molybdenum

and width with that of the base of the slug to be
treated, in this case about 24'’ long ang 11,7
wide, and with corrugations %'’ deep or some-
what more, spaced & distance of 5%’ or somewhat
more between crests, Of course it will be under-
stood that substantial variations may be made in
the thickness of the supporting Plate, the depth
of and the distances between corrugations, and
that the heavier the slug the thicker the corru-
gated plate, ‘

From the foregoing it will pe seen that I have
provided gn improvement in connection with the

bressed ingot
sintering operation,

Although breferreg embodiments of my in-
vention have been disclosed, it will be understood
that modifications may be made within the spirit
and scope of the appended claims. '

I claim:

1. The method
bowder to dense
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of molyhdenum, and heating for a relatively long
period of time said pressed shape in a hydrogen-
pearing reducing atmosphere, saturated between
about 20° C. and 40° C. with water vapor, to a
temperature, not higher than about 70% of that
of fusion as measured in degrees C., at which a
reversible reaction between such -materials oc-
Curs.

9. The method of consolidating molybdenum
powder to dense cpherent form, comprising press-
ing said powder to & shape not lighter than one
about 12" long, 34'" wide and 34" thick, placing
said pressed shape on a transversely corrugated
resilient plate of molybdenum, and heating in &
hydrogen-bearing reducing atmosphere satu-
rated at a temperature between about 20° C. and
40° C. with water vapor to a temperature of be-
tween about 50% and 70% of that of fusion as
measured in degrees C., for a relatively long
period of time,

3. The method of consolidating molybdenum
powder to form dense coherent metal, comprising
pressing said powder to an elongated shape
heavy per longitudinal inch, placing the pressed
shape on a transversely corrugated resilient plate
of molybdenum, and heating in an atmosphere
of hydrogen saturated at about 30° C. with water
vapor to a temperature of about 1600° C. for
about two hours.

4. The method of consolidating a metal pow-
der selected from the group consisting of molyb-
denum and tungsten to form dense coherent
metal, ‘comprising pressing the selected powder
to an elongated body of heavy weight per run-
ning inch, placing the body on & transversely
corrugated resilient plate formed of the same
metal to support it at a plurality of spaced po-
sitions from end to end and allow for circulation
of the . treating atmosphere thereunder, and
heating said pressed body in a hydrogen-bearing
reducing atmosphere containing a large enough
proportion of water vapor to provide for a re-
versible oxidation-reduction reaction, to a tem-
perature not higher than about T0% of that of
fusion as measured in degrees C. but sufficiently
high to cause the reaction to occur rapidly, for
a relatively long period of time until a strong
coherent article is produced.

5. The method of consolidating a metal pow-
der selected from the group consisting of molyb-
denum and tungsten to form dense coherent
metal, comprising pressing the selected powder
to an elongated shape heavy per jongitudinal
inch, placing the pressed shape on a transversely
corrugated resilient plate of the same metal, and
heating said pressed shape in. a hydrogen-bear-
ing reducing atmosphere
perature not higher than 40° C. put high enough
to provide for a reversible oxidation-reduction
reaction, with water vapor, to a temperature not
higher than about 70% of that of fusion as
measured in degrees C., for 2 relatively long
period of time until a strong coherent article is
produced.

6. The method of consolidating a metal pow-
der selected from the group consisting of molyb-
denum and tungsten to form dense coherent
metal, comprising pressing the selected powder
to an elongated shape at least as large @as
19277 x 34’ % %'’, placing the pressed shape on
a transversely corrugated resilient plate of the
same metal, and heating said pressed shape in
a hydrogen-bearing reducing atmosphere con-
taining water vapor, to a temperature between
about 50% andT0% of that of fusion as measured
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in degrees C., for a relatively long period of time.

7. The method of consolidating a metal Pow-
der selected from the group consisting of molyb-
denum and tungsten to form dense coherent
metal, comprising pressing the selected powder
to an elongated shape at least as large as
12" x 34'" x 34'', placing the pressed shape on
a, transversely corrugated resilient plate of the
same metal, and heating said pressed shape in
a hydrogen-bearing reducing atmosphere satu-
rated at a temperature petween about 20° C. and
40° C. with water vapor, to a temperature be-
tween about 50% and 709% of that of fusion as
measured in degrees C., for a relatively long
period of time.

8. The method of consolidating molybdenum
powder to dense coherent form, comprising
pressing said powder to an elongated shape at
least as heavy as one about 12/ & %A’ x %',
placing said pressed shape on a transversely
corrugated resilient plate of metal selected from
the group consisting of molybdenum and tung-
sten, and heating said pressed shape in a hydro-
gen-hearing reducing atmosphere saturated at
a temperature between apout 20° C. and 40° C.
with water vapor, to a temperature between about
509 and 70% of that of fusion as measured in
degrees C., for a relatively long period of time.

9. The method of consolidating tungsten pow-
der to dense coherent form, comprising pressing
said powder to an elongated shape at least as
heavy as one about 94" x 1%’ x 17, placing
said pressed shape on a transversely corrugated
resilient plate of tungsten, and heating said
pressed shape in a hydrogen-bearing reducing
atmosphere saturated between about 20° C. and
40° C. with water vapor, for a relatively long
period of time to a temperature not higher than
about 70% of that of fusion as measured in de-
grees C., at which a reversible reactance between
such materials takes place rapidly.

10. The method of consolidating tungsten
powder to dense coherent form, comprising
pressing said powder to a shape having a length
of about 24'’, a width of about 1%’’, and a thick-
ness of about 1/, placing said pressed shape on
a transversely corrugated resilient plate of tung-
sten, and heating in a hydrogen-bearing reducing
atmosphere saturated at a temperature between
about 20° C. and 40° C. with water vapor to a
temperature of between ahout 50% and 70% of
that of fusion as measured in degrees C., for a
relatively long period of time.

11. The method of consolidating tungsten
powder to form dense coherent metal compris-
ing pressing said powder to an elongated shape
of heavy weight per running inch, placing the
pressed shape on a transversely corrugated re-
silient plate of tungsten, and heating in an at-
mosphere of hydrogen saturated between about
90° C. and 40° C. with water vapor, to a tem-
perature hetween about 1600° C. and 2000° C.
for a relatively long period of time.

12. The method of consolidating a metal pow-
der selected from the group consisting of molyb-
denum and tungsten to form dense coherent
metal, comprising pressing the selected powder
to consolidate it into an elongated ingot heavy
per longitudinal inch, placing said ingot on a
transversely corrugated resilient plate of the
same metal, placing a similar resilient plate of
metal on top of said ingot, forming another ingot
in the same manner, placing said second ingot
on top of the ingot-supported resilient plate of
metal, and heating said ingots in a hydrogen-

———
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Jbearihg reducing atmosphere saturated at a tem-
berature between about 20° C. and 40° C. with
water vapor to a temperature between about
50% and '109% of that of fusion as measured in
degrees C. for a relatively long period of time.
13. The method of consolidating a metal pow-
der selected from the group consisting of molyb-
denum and tungsten to form dense coherent;
metal, comprising pressing the selected powder
to an elongated shape heavy per longitudinal
inch, applying a fiim of inert refractory powder
to the upper surface of g transversely corrugated
resilient plate of the same metal, placing the
pressed shape on said powder covered blate, and
heating said pressed shape in a hydrogen-bear-
ing reducing atmosphere saturated at a tem-
pberature between about 20° C. and 40° C.
water vapor, to g temperature between about
-50% and 70% of that of fusion as measured in
degrees C. for a relatively long period of time.
" '14..In apparatus for consolidating to dense
‘coherent ' form 2 refractory metal powder se-
lected from the group consisting of molybdenum
and tungsten, comprising a furnace with heating

means, a tube of refractory material adapted to
stand a desired high temperature obtained by
-activation of saig
means around said

heating _eans, insulating
tube and heating means,
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whereby the tube may be raised in tempeérature
sufficiently to heat enclosed selected metal bow-
der to a sintering. temperature, and means for
introducing a hydrogen-bearing reducing atmos-
Pbhere into said tube, the combination therewith
of a transversely corrugated resilient plate of
the metal selected for consolidation disposed in
said tube, in order to support an elongated
bressed shape, heavy per longitudinal inch, of
the selected meta] powder, at a plurality of uni-
formly-spaced positions along its length, to pre-
vent sticking and crack formation, and allow for
uniform sintering and treatment of said shape
in the hydrogen-bearing atmosphere, .
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