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3,165,427 
METHOD OF HEAT TREATING TUNGSTEN 

WRE OR RBBON 
Edmond: C. Hurst, Stoughton, Wis., assignor to the United 

States of America as represented by the United States 
Atomic Energy Commission 

Filed Aug; 24, 1962, Ser. No. 219,829 
4. Claims. (Cl. 148-20.3) 

This invention relates to methods of heat treating and 
more particularly to methods of heat treating pure tung 
sten wire or ribbon, 
Tungsten wire or ribbon is widely used in the electrical 

art as filaments for electronic tubes, electron guns and 
incandescent lamps. Depending upon the desired use, 
the filament may be formed into many different shapes 
such as coils, helixes or straight strips. Conventionally, 
the filament is heat treated before use by flashing in a 
hydrogen atmosphere to develop and stabilize a crystal 
structure which will prevent warping, or failure due to 

Since 
this heat treatment leaves the tungsten wire or ribbon 
brittle and hence difficult to form, the filament is usually 
formed into its desired shape prior to heat treatment. 
The characteristics of pure conventional tungsten fila 

ments as a function of temperature were set forth by 
Jones and Langmuir in 1927. For example, a 10 mil 
tungsten wire filament operated at 2500 K. With a 
heater current of 6.18 amperes yields an emission of 60.3 
ma. per inch. The life of a tungsten filament is gen 
erally considered expended, when the diameter of the 
filament has been reduced by 10 percent due to evapora 
tion since at this point the filament has a tendency to 
develop hot spots with resulting, burnout of the fila 
ment. Thus, where a conventional filament is operated 
at higher temperatures to obtain higher emission there 
from, its life is correspondingly reduced. 

It is therefore one object of the present invention to 
provide a method for heat treating tungsten wire or rib 
bon so that high emission may be obtained from the 
tungsten at low operating temperatures. 
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It is another object of the present invention to provide 
a method for heat treating tungsten wire or ribbon so 
that the tungsten, is semiductile after the heat treating 
thereof, 

It is another object of the present invention to provide 
a method for heat treating tungsten wire or strip to obtain 
a high emission, semiductile, tungsten filament with non 
sag characteristics. 

It is another object of the present invention to provide 
a method of heat treating tungsten wire so that the wire 
may beformed into filaments after heat treating. 

Other objects of the present invention will become more 
apparent as the detailed description proceeds. 

In general, the method of the present invention com 
prises placing the tungsten wire or ribbon in an evacuable 
chamber together with a metal member spatially mounted 
adjacent thereto. The chamber is then evacuated and an 
A.-C. current is applied to the tungsten. The A-C. 
current is gradually increased until the temperature of 
the tungsten is just under the melting point thereof, where 
the value of the A.-C. current is maintained. A D.-C, 
voltage is then applied between the member and the 
tungsten with the tungsten being positive and the mem 
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ber negative. The A-C. current and the D.C. voltage 
are maintained applied to the tungsten and the member 
for a predetermined interval after which the A-C. current 
is gradually decreased to zero amperes and the D.-C. 
voltage is removed. The polarities of the member and 
the tungsten are then reversed with the D.-C. voltage 
beng applied thereto. The A-C. current is increased. 
until rated heater current for the tungsten is flowing 
therethrough. The D.-C. voltage is then increased in val 
ue until maximum emission is obtained from the tung 
sten. The D.-C. voltage, A-C. current and partial 
vacuum are then removed. 

Further understanding of the present invention may 
be obtained from consideration of the accompanying 
drawings in which: , 
FIGURE 1 is representation of a general apparatus for 

the accomplishment of the present invention, 
FIGURE 2 is a view along line. 2-2 of FIGURE 1. 

to illustrate the mounting of tungsten wire therein. 
FIGURE 3 is a view of the mounting of tungsten 

ribbon for the apparatus of FIGURE 1. 
The apparatus of FIGURE 1 comprises, a bell jar 10, 

a metal plate. 12 and a seal 14 which seals the bell jar 
10 to the plate 12. An aperture 16 in plate 12 gives ac 
cess to a vacuum pumping system (not shown) which 
evacuates the bell jar 12. Two clamps. 18 and 20 of a 
suitable material such as molybdenum are mounted 
through the plate 12 and insulated therefrom by bush 
ings 22. A metal tube 24 of a suitable material such: 
as molybdenum is mounted on a support 26 between 
the clamps 18 and 20. The support 26 is mounted 
through the plate 12 and insulated therefrom by a bush 
ing 28. An A-C. power supply (not shown) is con 
nected between clamps 18 and 20 and a D.-C. power 
supply (also not shown) is connected between one of the 
clamps 18 and 20 and the support 26. 

For the heat treatment of pure tungsten wire accord 
ing to the present invention, the tungsten wire 30 is first 
passed through the tube 24 and clamped in clamps 18 
and 20. The wire 30 is thus mounted so that it lies along 
the longitudinal axis of the tube 24 and is in spatial re 
lationship with the walls thereof. For 10 and 20 mil 
tungsten wire a molybdenum tube of 2 inch I.D. was 
used, the wire being spaced approximately 4 inch from 
the walls thereof. The bell jar 10 is then lowered and 
sealed to the plate 12 by means of seal 14. The vacuum 
pumping system is started and the atmosphere within 
the bell jar 10 is evacuated to a pressure of at least 
104 mm. of Hg. 
An A-C. current is applied to the wire 30 from the 

A-C, power supply. The amperage of the current is 
steadily increased over a period of approximately 10-30 
seconds to a value where the temperature of the tungsten 
wire 30 is just under the melting point thereof. The A-C. 
current, and hence the temperature of the tungsten wire 
30, is maintained at this value for a period of approxi 
mately 3 minutes. Then, the D.-C. voltage of approxi 
mately 1000 volts is applied between the tungsten wire 
30 and the tube 24, the polarity of the tube being nega 
tive and the polarity of the wire 30 being positive. 
The 1000 volts D.C. and the value of the applied 

A-C. current are then held applied together for a period 
of approximately 5 minutes. The amperage of the A-C. 
current is then steadily reduced to zero amperes, over a 
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period of 1-30 seconds. The D.-C. voltage is removed 
and the polarity of the tube 24 and wire 30 is reversed, 
the wire 30 becoming negative and the tube 24 becoming 
positive. The value of the A-C. current is again in 
creased to a value giving conventional rated heater cur 
rent for the wire size under treatment (i.e., for 20 mil 
tungsten wire at 2500 K, 17.47 amperes). The value 
of the D.-C. voltage is then increased so that maximum 
emission is obtained from the wire 30 at the above de 
scribed heater current. The A-C. current, D.-C. volt. 
age, and partial vacuum are then removed to complete 
the heat treatment process. 
The last steps of the process, namely the obtaining of 

maximum emission, may be eliminated where the par 
ticular tungsten wire is to be placed in service and under 
go the same treatment. Otherwise they are essential as 
they act as an aging process to the wire. 

It is to be noted that the same process may be applied 
to tungsten ribbon except that as shown in FIGURE 3 
the metal tube 24 of FIGURES 1 and 2 is replaced by 
flat metal plates 32 of a suitable material such as tung 
sten. It is preferred when heat treating tungsten ribbon 
to use two flat plates 32, however, the use of one flat 
plate has been found acceptable. Thus, for heat treat 
ing pure tungsten 5 x 100 mil ribbon, two tungsten plates 
42 inch thick, each spaced from the ribbon /8 inch were 
used. 
Using the above described process on 20 mill tungsten 

wire having a 3 inch length, an emission of 2500 milli 
amperes was obtained after heat treatment with 17.47 
amperes A-C. heater current at a temperature of 2500 
K. and 500 volts. D.-C. plate voltage. This is approxi 
mately 7 times the conventional emission of 360 milliam 
peres as shown by Langmuir and Jones. Further, after 
treatment the wire was not brittle but semiductile and 
the surface condition was bright and shiny rather than 
the conventional dull finish. With the heat treating proc 
ess used on 5 x 100 mill pure tungsten ribbon, an emis 
sion of 1.1 amperes was obtained with a heater current 
of 38 amperes and 1.4 amperes emission with 39 am 
peres heater current, this is approximately 10 times the 
conventional emission as given by Langmuir and Jones. 
The surface finish and ductility for the ribbon was the 
same as for the 20 mil wire. When 10 mil pure tungsten 
wire was used, the emission again was high, but the duc 
tility thereof was greatly increased to a degree that the 
wire could be tied in knots without breaking. Thus, 
complex forms of filaments could be manufactured there 
from quite easily subsequent to heat treatment. 
As described, the process has been shown applicable to 

straight sections of pure tungsten wire or ribbon. How 
ever, it is equally applicable to preformed tungsten fila 
ments... As in the tungsten ribbon, when the process is 
applied to preformed filaments flat plates rather than the 
metal tube should be used. In all cases of heat treat 
ment, the wire or ribbon after being heat treated was 
found to have excellent nonsag characterstics. Thus, 10 
mil pure tungsten wire wound in a spiral filament having 
12 inches of wire between supports and .005 inch spacing 
between coils did not visibly change when heated to 
2300 C. 

Persons skilled in the art will of course adapt the 
teachings in the art to methods far different than those 
illustrated. Accordingly, the scope of the protection af 
forded the invention should not be limited to the meth 
ods shown in the drawings and described above but 
should be determined only in accordance with the ap 
pended claims. 
What is claimed is: 
1. A method for heat treating an elongated element 

of tungsten, comprising the steps of spatially mounting 
said element in an evacuable chamber, mounting a metal 
member adjacent said element in spatial relationship 
thereto, evacuating said chamber to a pressure of at least 
104 mm. of mercury, applying an A-C. current to said 
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element, increasing the value of said A-C. current-over 
a period of approximately 10 to 30 seconds until said 
element reaches a temperature just under the melting 
point thereof, maintaining the value of said A-C. cur 
rent for a period of approximately 3 minutes, applying a 
D.-C. voltage of approximately 1000 volts between said 
heated element and said metal member, said D.-C, volt 
age being applied so that the polarity of said element is 
positive and the polarity of said member is negative, 
maintaining the value of said A.-C. current and said ap 
plied D.-C. voltage together for a period of approximate 
ly 5 minutes, decreasing the value of said A-C. current 
to zero ampere and removing said applied D.-C. voltage. 

2. A method for heat treating an elongated element of 
tungsten, comprising the steps of spatially mounting said 
element in an evacuable chamber, mounting a metal mem 
ber adjacent said element in spatial relationship thereto, 
evacuating said chamber to a pressure of at least 10 
mm. of mercury, applying an A-C. current to said ele 
ment, increasing the value of said A-C. current over a 
period of approximately 10 to 30 seconds until said ele 
ment reaches a temperature just under the melting point 
thereof, maintaining the value of said A.-C. current for a 
period of approximately 3 minutes, applying a D.-C. volt 
age of approximately 1000 volts between said heated ele 
ment and said metal member, said D.-C. voltage being 
applied so that the polarity of said element is positive and 
the polarity of said member is negative, maintaining the 
value of said A.-C. current and said applied D.C. voltage 
together for a period of approximately 5 minutes, de 
creasing the value of said A-C. current to zero ampere, 
removing said applied D.-C. voltage, increasing the value 
of said A.-C. current to a value giving conventional rated 
heater current for the element under treatment, applying 
a D.-C. voltage between said heated element and said 
metal member so that the polarity of said element is nega 
tive and the polarity of said member is positive, increasing 
the value of said D.-C. voltage to obtain maximum emis 
sion from said element at said rated heater current, and 
removing said A-C. current and said D.-C. voltage. 

3. A method for heat treating tungsten wire, comprising 
the steps of spatially mounting said wire in an evacuable 
chamber, mounting a metal tube about said wire so that 
said wire passes along the longitudinal axis of said tube 
in spatial relationship to the walls thereof, evacuating said 
chamber to a pressure of at least 10 mm. of mercury, 
applying an A-C. current to said wire, increasing the value 
of said A.-C. current over a period of approximately 10 to 
30 seconds to heat said wire to a temperature just under 
the melting point thereof, maintaining the value of said 
A.-C. current for a period of approximately 3 minutes, 
applying approximately 1000 volts D.-C. between said 
wire and said metal tube, said D.-C. voltage being applied 
so that the polarity of said tube is negative and the polar 
ity of said wire is positive, maintaining the value of said 
D.-C. voltage and A-C. current together for a period of 
approximately 5 minutes, decreasing the value of said 
A.-C. current to zero ampere, removing said D.C. voltage, 
increasing the value of said A.C. current to a value giving 
conventional rated heater current for said wire under 
treatment, applying a D.-C. voltage between said heated 
element and said tube so that the polarity of said wire is 
negative and the polarity of said tube is positive, increas 
ing the value of said D.-C. voltage to obtain maximum 
emission from said wire at said A-C. heater current value, 
and removing said A.-C. current and D.-C. voltage. 

4. A method for heat treating tungsten ribbon, com 
prising the steps of spatially mounting said ribbon in an 
evacuable chamber, mounting a metal plate adjacent said 
ribbon in spatial relationship thereto, evacuating said 
chamber to a pressure of at least 10 mm. of mercury, 
applying an A-C. current to said ribbon, steadily increas 
ing the value of said A-C. current over a period of ap 
proximately 10 to 30 seconds to heat said ribbon to a 
temperature just under the melting point thereof, main 
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taining the value of said A.-C. current for a period of 
approximately 3 minutes, applying approximately 1000 
volts D.-C. between said ribbon and said metal plate, said 
D.-C. voltage being applied so that the polarity of said 
plate is negative and the polarity of said ribbon is posi 
tive, holding the value of said D.-C. voltage and said A.-C. 
current together for a period of approximately 5 minutes, 
steadily decreasing the value of said A.-C, current to Zero 
ampere, removing said D.-C. voltage, applying a D.-C. 
voltage of reverse polarity between said ribbon and said 
plate, said ribbon being negative and said plate being 
positive in polarity, increasing the value of said A-C. 
current to a value giving conventional rated heater cur 
rent for the ribbon size under treatment, increasing the 

O 

6 
value of said reverse polarity D.-C. voltage to obtain 
maximum emission from said ribbon at said heater current 
value, and removing said A.-C. current and reverse po 
larity D,-C. voltage. 
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