
United States Patent Office 3,082,516 
Patiented Mar. 26, 1963 

3,082,56 
FASRCATION OF MEAL SHAPES 

Roger G. Rudness, initiaiapois, Sad, assignor to Union 
Carside Corporation, a corporation of New York 
No Drawing. Filed Dec. 3, 1957, Ser. No. 709,300 

9 Caias. (CE, 29-423) 

This invention relates to the fabricating of shapes of 
pure refractory materials of predetermined composition. 

Briefly according to the invention, there is provided a 
process of making shapes of desired contour of relatively 
pure refractory material, which comprises depositing se 
lected material on a suitable master support by heating 
and accelerating particles of such material in a stream of 
Selected gas flowing through an electric arc of the general 
type disclosed by Gage Patent No. 2,806,124, while main 
taining the temperature of such master below its melting 
point. The resulting deposited layer has a characteristic 
microstructure in which microscopic lamellules or leaves 
of irregular shape are inter-locked one with another. The 
master and deposited layer are then separated from each 
other, providing a shape thereof having the desired con 
tour and composition. 
Tungsten tubes and other shapes are readily fabricated 

according to this invention by coating tungsten metal onto 
a pattern and then separating the pattern from the coat 
ing. Shapes of other refractory metals, such as molyb 
denum, niobium, chromium, tantalum, nickel, zirconium, 
and titanium, as well as compounds and mixtures thereof, 
can also be fabricated in this fashion. 

Industry has need for refractory metals in various 
shapes. In particular tungsten metal is desired as rela 
tively small hollow bodies for use as electron emitters in 
vacuum tubes in the radio and television field. Prior art 
tungsten electron emitters were fabricated with great difi 
culty, for exampie, by Swaging or by wrapping tungsten 
wire around a pattern of the desired shape and then fusing 
in position. Such methods were all time-consuming and 
costly. 

Tungsten carbide and similar refractory materials have 
been previously prepared in intricate shapes as dies by 
neans of the detonation coating process covered in U.S. 
Patent No. 2,714,563. In such fabrication process of 
dies, which is covered in my copending application, Serial 
No. 648,265, filed March 25, 1957, now Patent No. 3,048 
060, which is a continuation-in-part of my now aban 
doned application Serial Number 377,030, filed August 
28, 1953, a refractory material is coated onto the surface 
of a pattern. The coating is then covered by a substan 
tial layer of supporting metal. The pattern is then re 
moved to form a metal base containing an inner iner of 
refractory material. Such prior art process cannot be 
employed to fabricate tungsten or other pure metal shapes 
since the detonation reaction used in such process incor 
porates some carbon, carbides and/or foreign oxides in 
the final product coating. 

I have found that a high-pressure arc coating process 
can be employed to produce adherent, dense, non-porous 
coatings of pure tungsten metal. No contaminants, such 
as carbides and foreign oxides, are present in the coating 
since inert gases, such as argon, helium, nitrogen, and 
hydrogen, are usually employed to protect the refractory 
metal during the coating process. 
This novel process for preparing refractory metal shapes 
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comprises the steps of forming a pattern or master body 
having the desired shape of the finished product, deposit 
ing a coating of refractory metal or mixture thereof of 
desired thickness onto the pattern by means of the high 
pressure arc torch process of Patent No. 3,016,447 and 
then separating the pattern from the coated shape. 
The method of removal of the pattern after the coating 

Step is complete depends upon the nature of the pattern. 
If it is aluminum, for example, it can be dissolved in 
Sodium hydroxide solution. If it is brass, for example, 
it can be dissolved in nitric acid. A pattern of low melt 
ing point material can be easily removed by heating with 
out affecting the Solid coating. The pattern can also be 
formed of easily deformable material which can be forced 
from the refractory metal shape by mechanical means. 
The master material might also be removed physically by 
machining methods. 
The following example of the fabrication of a tungsten 

metal shape is illustrative of the process. An aluminum 
tube 3/8 inch O.D., 4 inch i.D., and 1% inches long was 
plated with a 0.010 inch thick coating of tungsten metal 
by means of the non-transferred arc torch process. The 
torch was operated by striking an arc of 45 volts 
(D.C.S.P.) and 125 amps. between an inner stick elec 
trode and a nozzle electrode with 150 c.f. h. argon gas 
passing through the /8 inch I.D. torch nozzle. The tung 
Sten powder passed down through the arc and out through 
the nozzle. The aluminum tube was rotated and traversed 
under the torch outlet which was maintained 7/8 inch 
from the aluminum tube. The resulting aluminum body 
coated with tungsten was placed in a 30 weight percent 
aqueous sodium hydroxide solution for about 4 hours. 
After this time the aluminum was completely dissolved. 
The remaining tungsten tube was 0.395 inch O.D., 0.375 
inch I.D. and 1% inches long. 
The above example employed the non-transferred arc 

torch coating process. The transferred arc torch process 
wherein the Support is in the arc circuit could also be used 
provided an electrical conductor is employed as the pat 
tern material. 

This process has been employed to form hollow shapes 
of tungsten. The process is equally applicable to other 
refractory metals such as chronium, niobium, molyb 
denum, nickel, tantalum titanium, and zirconium, as well 
as to mixtures of refractory metals with emissive mate 
rials, such as the emissive metal oxides thoria or yttria, 
for example. In the latter case the present invention has 
a decided advantage over prior art methods. Pure tung 
sten can be shaped with difficulty into some forms by 
SWaging, drawing and pressing which require some duc 
tility in the metal. Tungsten-thoria mixtures on the other 
hand, are quite brittle and are almost impossible to fabri 
cate in diverse shapes. This process is applicable to 
fabricating shapes of almost any refractory material which 
would be too brittle to work into shape. Laminated arti 
cles can be fabricated according to the invention by coat 
ing alternate layers of metal and compounds, such as 
emissive material, onto a pattern and then removing the 
pattern. 
What is claimed is: 
1. Process of making metal shapes of selected refrac 

tory material, which comprises applying refractory ma 
terial Selected from the class consisting of refractory 
metals such as tungsten, chromium, niobium, molyb 
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denum, nickel, tantalum, titanium, and zirconium, as 
well as mixtures of refractory metals with emissive ma 
terials, such as the emissive metal oxides thoria or yttria 
to a temporary Solid support by an electric arc-gas proc 
ess which heats and accelerates particles of said selected 
refractory material in an arc effluent of inert gas to form 
a chemically unchanged coating of Such selected material 
of desired shape on such support below the melting tem 
perature of the latter to prevent intermingling, and then 
separating Such coating and Such Support without chang 
ing Such shape. 

2. Method of fabricating articles having internal sur 
faces of desired predetermined contour and of a prede 
termined material conposition, which comprises provid 
ing a temporary Solid master having an external Surface 
complimentary in contour to Said internal surface, pro 
viding a high thermal content effluent comprising a stream 
of selected gas heated by a high pressure arc; feeding to 
said effluent at a controlled rate a material of composition 
selected from the class consisting of refractory metals 
such as tungsten, chromium, niobium, molybdenum, 
nickel, tantalum, titanium, and zirconilin, as well as 
mixtures of refractory metals with emissive materials such 
as the emissive metal oxides thoria or yttria which, when 
deposited on the master, forms a built up layer of said 
predetermined material composition, directing the result 
ing stream of material composition bearing effluent 
against the external surface of said temporary master 
until a built up chemically unaltered layer of said pre 
determined material composition of desired thickness is 
formed below the melting temperature of the master to 
prevent intermingling, and then removing said master to 
provide said article. 

3. Process of making shapes of refractory metal, which 
comprises depositing refractory metal selected from the 
class consisting of molybdenum, niobium, chromium, 
tantalum, nickel, zirconium, and titanium, as well as com 
pounds and mixtures thereof on a suitable solid Support 
ing member by electric arc heating while maintaining the 
temperature of such supporting member below its melting 
point to prevent intermingling, and then removing the re 
suiting shape composed of such refractory metal chemi 
cally unaltered from such supporting member. 

4. Process of making desired shapes of tungsten metal, 
which comprises electric arc welding together particles 
of such metal on a temporary solid support of brass under 
a stream of inert gas selected from the class consisting of 
argon, helium, nitrogen and mixtures of argon and nitro 
gen, without melting said brass support to prevent inter 
mingling and then separating the resulting shape of tung 
sten from such brass support by dissolving the latter in 
acid. 

5. The method of making shapes of relatively pure ma 
terial seiected from the class consisting of niobium, chro 
mium, molybdenum, nickel, tantalum, titanium, tungsten, 
zirconium and compounds and mixtures thereof, which 
comprises discharging a stream of selected inert gas 
against a local area of the surface of a temporary Solid 
supporting member, drawing a high-pressure arc between 
a nonconsumable electrode and an annular nozzle, feed 
ing and accelerating particles of powdered material se 
lected from such class with such gas stream through said 
arc, heating such particles of powdered material in said 
arc, depositing and welding together the so heated parti 
cles of material on said local area as interlocking micro 
scopic leaves of irregular shape built up to a thickness 
that is self-supporting when said temporary Supporting 
member is separated therefrom, producing relative move 
ment between said member and said inert gas stream and 
powdered material feed heated by an electric arc, so that 
the shape of such welded deposit of selected material cor 
responds to that of the surface of said supporting mem 
ber; said deposition and welding being carried out below 
the melting temperature of said Supporting member to 
prevent intermingling and then separating the resulting 

0 

20 

2 5 

30 

40 

45 

50 

55 

80 

65 

70 

75 

4. 
so deposited arc welded shape of selected material and 
said temporary supporting member from each other. 

6. Process of fabricating members of pure refractory 
metal selected from the class consisting of molybdenum, 
niobium, chromium, tantalum, nickel, zirconium, and ti 
tanium, as well as compounds and mixtures thereof which 
comprises discharging a stream of inert gas from an elec 
tric arc torch provided with a non-consumable central 
electrode surrounded by a non-consumable annular elec 
trode constituting the nozzle of such torch, establishing 
an electric arc between such electrodes, feeding a con 
trolled flow of refractory metal particles into such gas 
stream for discharge froin said nozzle with such arc heat 
ing Said gas stream and refractory metal particles, apply 
ing the resulting hot effiuent containing such gas and 
such heated and accelerated refractory metal particles 
to a local surface area of a solid support composed of 
material that can be removed by a chemical which does 
not remove the refractory metal, thereby depositing on 
such local surface area of the Support a layer of welded 
microscopic lamellules of refractory metal particles, and 
relatively moving such effluent and support so as to coat 
a desired area of the support, such coating being ac 
complished below the melting temperature of the surface 
of said Support to prevent intermingling and then re 
moving the support by a suitable chemical, leaving the 
desired member composed of such pure refractory metal. 

7. Process of fabricating electronic members composed 
of refractory metal selected from the class consisting of 
molybdenum, niobium, chromium, tantalum, nickel, zir 
conium, and titanium, as well as compounds and mix 
tures thereof and emissive material selected from the 
class consisting of thoria and yttria, which comprises si 
multaneously discharging a stream of inert gas and a mix 
ture of refractory metal and emissive material particles as 
an extremely hot effluent from an electric arc torch in 
which a high pressure arc is drawn between the end of a 
central electrode and a nozzle electrode surrounding such 
central electrode applying such efiluent to a solid support 
until there is built up thereon without intermingling 
therewith a composite composed of microscopic lamellules 
of Such particles that are interlocking and welded one 
to another without any change in the original purity of 
the refractory metal and emissive material constituting 
such particles, and subsequently removing said support 
from said composite which thereupon constitutes the elec 
tronic member. 

8. The process of fabricating electronic members which 
comprises depositing alternate layers of refractory metal 
selected from the class consisting of molybdenum, niobi 
lin, chromium, tantalum, nickel, zirconium, and titanium, 
as well as compounds and mixtures thereof and emissive 
material selected from the class consisting of thoria and 
yttria to a suitable solid support by alternately applying 
thereto without melting said support an extremely hot 
effluent comprising an inert gas stream and refractory 
metal particles, heated by an electric arc; and an extreme 
ly hot effluent comprising an inert gas stream and emissive 
material particles heated by an electric arc; and subse 
quently removing said support from the resulting com 
posite of alternating layers of refractory metal and emis 
sive material which composite thereupon constitutes the 
electronic member. 

9. Process of fabricating shapes of refractory material 
selected from the class consisting of refractory metals 
such as tungsten, chromium, niobium, molybdenum, 
nickel, tantalum, titanium, and zirconium, as well as mix 
tures of refractory metals with emissive materials, such 
as the emissive metal oxides thoria or ytrria which com 
prises simultaneously discharging a stream of inert gas, a 
high pressure arc and refractory material particles as an 
extremely hot effuent from an electric arc torch in which 
such high pressure arc is drawn between the end of a 
torch electrode and a solid support, applying such effluent 
to such support until there is built up thereon without 
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intermingling therewith a composite composed of micro 
Scopic lamellules of such particles that are interlocking 
and welded one to another without any change in the 
original purity of the refractory material constituting such 
particles, and subsequently removing said support from 
said composite. 
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