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To all whom it may concern: 
Beit known that I, WILLIAMD. CooLIDGE, 

a citizen of the United States, residing at 
Schenectady, county of Schenectady, State 
of New York, have invented certain new and 
useful Improvements in Processes of Mak 
ing Composite Conductors, of which the fol lowing is a specification. 
My present invention has for its object. 

the .production of refractory conductors 
suitable for use in incandescent electric 
lamps, electric furnaces, and other appara 
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tus where electrical energy is transformed 
into heat or light. 8 
My improved conductor consists in part 

of refractory metal, such as tungsten, and 
possesses some of the qualities of a pure 
tungsten conductor. It has the advantage, 
however, of a high specific resistance, so 
high, in fact that incandescent lamps can be 
built for commercial voltages with but a 
single filament loop. The filament is of such composition that it is strong and compara 
tively rigid even at the exceedingly high 
temperatures incident to efficient operation 
in a lamp. . . . . . 
The a tails of my improved refractory 

conductor and of the procedure by which 
it may be made and used, are set forth in 
detail in the accompanying description, 
which should be taken in conjunction with ... the accompanying drawing. In this descrip 

ductors for other 
tric furnaces. 
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tion, I have disclosed my invention with 
special reference to its application to the 

35 making of filamentary conductors for in 
candescent EE but the steps disclosed are equally applicable to the making of con 

purposes as for use in elec 
As a basis or core for my improved com 

posite conductor, I utilize a thread of thoria 

45 

50 

or similar refractory oxid. Such threads 
can be made by mixing pure and finely di 
vided thoria with water and then squirting 
under pressure through a die. If desired, a 
small quantity of carbonaceous binder may 
be mixed with the thoria prior to the squirt 
ing operation, though if this is used I prefer 
to heat the squirted threads with an open 
flame to burn out the carbon of the binder 
and leave behind nothing but pure thoria. 
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The next step consists in coating these thoria 
threads with a ductile metal such as copper. 
This can be conveniently done in the appa 
ratus shown diagrammatically in the accom 

panying drawing. In the drawing is shown 
an apparatus whereby the theria threads 
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may be spattered with copper by virtue of 
the disintegrating action of an electrical dis 
charge passed through a poor vacuum, . 
The apparatus consists of an envelop 1 

connected permanently to a vacuum pump. 
and exhausted to a pressure amounting to 
that of about 1 m. m. of mercury after hav 
ing been washed out with hydrogen to re 
move oxidizing gases. At the top of the 
envelop is supported a copper block 2 pro 
vided with electrical connections to render 
it serviceable as cathode for an electrical 
discharge. The corresponding anode 3 is 
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passed through the side of the envelop or 
otherwise suitably arranged. When cur 
rent is passed from anode to cathode, copper 
is disintegrated from block 2 and is spat 
tered or deposited on any object placed 
underneath. This phenomenon is well un 
derstood and therefore needs no further ex 
planation. After the thoria threads have 
een coated with copper as above described, 

they will conduct current through the cop per coating. 
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According to the next step in my process, 
the copper coated thoria threads are mount 
ed-in an envelop and there given a coating 
of tungsten or molybdenum. This coating 
can be conveniently effected according to 
the method disclosed by DeLodyguine in 
United States Patent No. 575,668, issued January 19, 1897. According to the process 
there disclosed, the conductors to be coated 
are heated with current in an atmosphere 
consisting of a mixture of hydrogen and a 
volatile compound of a refractory metal, 
such as the oxychlorid of tungsten. The 
heated conductor serves to decompose the 
oxychlorid with depositions of metallic 
tungsten on the conductor. After a co 

threads, the conductor can be heated in hy: 
drogen or in a mixture of hydrogen, and 
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herent shell of tungsten or similar metal has been produced on the copper-plated thoria 
100. 

nitrogen or in a vacuum to vaporize and dis 
til the copper from the conductor. The cop 
per appears to come out without alloying 
with the tungsten or in any way influencing 
its refractory characteristics. Of course, a relatively high temperature is necessary 
to insure this vaporization of copper but 
this high temperature is in itself an advan, tage since it insures partial shrinkage and 
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consolidation of the tungsten prior to the 
liberation of all the copper. After the cop 
per has been removed, the temperature of 
treatment can be raised by increasing the 
current and can be continued until the tung 
sten layer on the thoria thread has been sin 
tered and shrunk into a dense and homoge 
neous shell. The composite filament above described 
has a high specific resistance and, owing to 
the rigidity of the thoria at high tempera 
tures, is strong and not liable to distortion when used in a lamp. Single loop lamps 
having commercial voltages are altogether 
feasible though my invention is not limited in its application to lamps of any particular 
type or size. What I claim as new and desire to secure 
by Letters Patent of the United States, is: 

1. The method which consists in product ing a thread of refractory oxid, coating said 
oxid with a conductor, treating the body so 
formed to cover it with refractory metal, 
and subsequently heating to a higher tem 
perature to drive out the conductive layer 
with which the oxid was initially coated. 

2. The method which consists in shaping 
threads of refractory material, coating said 
threads to produce a conductive body, de 
positing thereon a coating of tungsten and 

1,010,866 

then driving out of said conductor all com 
ponents except tungsten and the original re 
fractory material. 3. The method which consists in shaping 
threads of thoria, coating with a metal, coat 
ing again with a more refractory metal, and 
then heating the conductor so produced to a 
temperature sufficient to drive out the less 
refractory metal and leave a composite fila 
ment of thoria inclosed in a shell of more 
refractory metal. 4. The method which consists in shaping 
a thread of thoria, coating said thread with 
copper, depositing on said copper a layer of 
tungsten, and then removing said copper 
to leave a composite filament of thoria in 
closed in a shell of tungsten. 5. The process which consists in produc 
ing a thread of refractory material, coating 
said thread with conductive material, treat 
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E. the resulting body to cover it with highly 
er actory material, and heating to a high temperature to drive out said conductive 
material. 
In witness whereof, I have hereunto set 

my hand this 21st EX. September, 1908. 
WLLA 

Witnesses: w 
BENJAMIN B. Hull, 
MARGARET E. WoOLLEY. 

D. COOLIDGE. 
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