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This invention relates to electric lamps and more partic-
ularly to new and improved electric incandescent lamps
adapted to be operated at relatively high temperatures
and possessing relatively long, useful operating life at such
high temperatures.

A principal object of the present invention is to provide
in incandescent lamps of the character described at least
one filament comprising tantalum carbide and at least one
other refractory metal carbide ‘selected from the group
comsisting of the carbides of zirconium and hafnium, and
a substantially oxygen-free- atmosphere comprising, at
operating temperatures, hydrogen, and volatilized carbon.

Another object of the invention. is to provide for use
in an atmosphere of the above type a filament comprising
tantalum carbide and from. about 1 to about 30 percent
by weight of at least one other refractory metal carbide
selected from the group consisting of carbides of zirco-
nium and hafnium. S

Still another object of the invention is to provide a
filameat of the above type which permits the achievement
of very high efficiencies.

Still another object of the invention is to provide a
filament of the above type for use in an atmosphere com-
prising, at operating temperatures, a halogen such as
chlorine, hydrogen and volatilized carbon. .

Other objects of the invention will -in part be obvious
and will in part appear hereinafter.
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filament temperatures. The invention thus yields a lamp
that has both long operating life and high efficiency.

The drawing illustrates a vehicle headlamp of the sealed-
beam type which comprises a cup-shaped base member 10
having its inner surface 12 silvered or otherwise coated to
provide a metallic reflector, preferably of paraboloidal
shape. The base member has hermetically sealed thereto
a transparent cover plate 14, of for example, glass which
may serve as a lens element for controlling the dispersion
of light emitted from the lamp. Within the bulb there is
mounted or suspended, for example, a tantalum carbide-
zirconium carbide filament or a tantalum carbide-hafnium
carbide filament 16 on lead wires 18 which, in turn, are
attached to subleads 20. The subleads may be connected
to a source of electric power outside the bulb or envelope.

~ The carbide filament is located at the focus of the re-
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“The invention accordingly coml-n'ises-',the.' products -

possessing the features, properties and the relation of ele-
ments which are exemplified in the following detailed dis-
closure, and the scope of the application of which will be
indicated in the claims.

For a fuller understanding of the nature and objects of
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the invention, reference should be had to the following de- -

tailed description taken in connection with the accom-
panying drawing, which is a representation of a section
through. a typical auiomobile headlamp embodying the
features of the invention.

Present-day electric incandescent lamps are generally
constructed with a tungsten filament mounted in an evacu-
ated atmosphere within the biilb or in an atmosphere com-
prising essentially inert gases. These inert gases may, for

example, comprise a mixture of gases of which the major -

portion is argon, krypton or xenon. Inert gases are em-
ployed to reduce evaporation of the filament during lamp
operation. Nevertheless, a common cause of lamp failure
is evaporation of filament material to such an extent that
the filament is gradually eaten away and fails. Since the
rate of evaporation varies directly with the temperature,
this kind of failure is especially prevalent in bulbs designed
to operate at very high temperatures. Rapid filament
evaporation has long been a serious problem in incandes-
cent Jamp manufacture, since the efiiciency of the bulb as a
source of jllumination, measured in candle power per watt,
for example, generally increases as the operating tem-
perature of the filament is raised.

This invention accordingly contemplates the use within
a lamp bulb or envelope of an essentially multi-carbide
filament of the type heretofore described having improved
high melting points and an atmosphere the elements of
which interact with each other and with a preferred car-
bide filament in such a manner that the filament does not
deteriorate over an extended period of operation at high
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flector. After assembly, the bulb is evacuated and filled
with an atmosphere which, at operating temperatures,
preferably comprises hydrogen, a halogen such as chlorine
and volatilized carbon, and if desired an inert gas such
as argon. S S

" In one preferred embodiment,.a. preferred carbide fila- -
ment about 7 mils in diameter. and about ¥ inch in length
may be mounted on 40-mi] leads within a standard T-20
envelope .of about 270 cc. capacity, into which about 2
cc. of carbon tetrachloride and 20 cc. of hydrogen, at
atmospheric pressure and room temperature, have been
introduced, along with sufficient argon to bring the total
pressure within the bulb at least to slightly less than one
atmosphere. The bulb and components may be cleaned
and prepared in ways well known to the art. It is de-
sirable to coat the inner surface of the envelope (prefer-
ably after formation of the reflector if such is used). with
a materia] that will protect the envelope material, for ex-
ample glass, from attack from materials such as, for ex-
ample, fluorine. This may be done by evaporating cal-
cium fluoride, for example, upon the inner surface of the
envelope before the lamp is completely assembled.

The ‘multi-carbide filaments of the present invention
may comprise solid solutions or mixtures of tantalum and
zirconjum carbides and tantalum and hafnium carbides.
Filaments comprised of all three of the above carbides
may also be employed. The. filaments of the present in-
vention comprise tantalum carbide and from about 1 o
about 30 percent by weight of at least one of the carbides
of zirconium and hafnium. .Such carbide fiilaments have
meliing points above the melting point of each of the
individual carbides, the maximum melting point being at
about 80 percent by weight of tantalum. carbide. Thus,
the preferred filaments comprise tantalum carbide and
about 20 percent by weight of zirconium carbide or haf-
nium carbide or both zirconium carbide and hafnium
carbide. Higher efficiencies aré possible with the present
carbide filaments since, if desired, higher operating tem-
peratures can be employed. Moreover, such filaments
permit a reduction in the amount of reactive materials in
the envelope atmosphere used for stabilizing the carbide
filament. :

Although any. convenient method of forming the pre-
ferred carbide filaments may be used, it may be conven-
ient to comvert a filament comprising an alloy of tan-
talum-hafoiom or tantalum-zirconium, for example, to
the carbide structure after the bulb has been assembled.
For example, the bulb may be constructed with all ele-
ments identical with those disclosed in the embodiment
described. above, except that the filament (and leads if
desired) may comprise an alloy of tantalum and zirco-
nium or tantalum and hafnium. The filament may then
be converted to the carbide form by passing sufficient cur-
rent through the filament to yield a filament temperature
of about 3100° C. In this way, the tantalum, zirconium
and/or hafnium comprising the filament (and leads) will
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be substantially converted to carbides. It should also be
noted that many materials may be used for leads, for
the leads may be similar to the filament in composition or
they may be made of carbon, tungsten, platinum, palla-
dium, rhodium or a suitable metal coated or. clad’ with,
for example, platinum, palladium or rhodium. The pre-
ferred carbide filament may be of any suitable configura-
tion,” ‘whether straight, coiled, crimped or otherwise
shaped. ) :

The envelope atmosphere may comprise & volatile hy-
drocarbon and hydrogen such as disclosed in U.S. Patent
2,596,469 or preferably the envelope atmosphere may
comprise, at operating temperatures, a halogen, hydro-
gen and volatilized carbon. The preferred envelope at-
mosphere may be provided by a number of materials or
sources. For example, single compounds, such as ethyl-
enediamine hydrochloride, methylamine hydrochloride
and the-like, are satisfactory. The necessary elements
may also be provided by introducing into the emvelope
4 combination of materials, such as ethylene or another
hydrocarbon and a gaseous hydrogen halide, for example
hydrogen chloride; or a combination of hydrogen, chiorine
and any convenient hydrocarbon, e.g., methane, ethane,
ethylene and the like; ora combination of hydrogen and
any ccnvenient halogenated hydrocarbon such as ben-
zene hexachloride, the polyhalogen derivatives of meth-
ane, ethane, elc., €.g., carbon tetrachloride, tetrachloro-
ethane and the like; or a combination of hydrogen and
polyhalogenated ‘organic compounds such as tetrachloro-
ethylene and the like. It is obvious that the desired at-
mosphere thus may be obtained in any number of suitable
ways. Other inert gases, such as Xenon or krypton, may
be used-instead of argon.

Relatively high pressures within the bulb will lengthen
lamp life; it is desirable to maintain the pressure during
operation at or near the highest level that the envelope
can safely withstand. If the pressure generated by the

reacting gases is great enough, the need for an inert gas’

is reduced.

Other halogens may be used in place of chlorine with-
out departing from the invention; members of the class
of halogens having an atomic weight of less than 100
e.g., bromine and fluorine, are especially effective. If
fluorine is used, however, precautions must be taken to
avoid decomposition of the bulb envelope and attack
upon other lamp elements. If elemental halogens are used
in preparing the lamp atmosphere, precautions should be
taken to avoid inhalation or contact with the skin and
eyes.

In general, any combination of materials may be used
that will provide, at operating temperatures, an atmos-
phere of volatilized carbon and hydrogen and also prefer-
ably a suitable halogen, particularly chiorine, in the area
surrounding the filament. The atmosphere should be
substantially free of water or oxygen; specifically, the
oxygen content should be less than the order of fifty parts
her million. The amount of carbon in the atmosphere
should be sufficient to prevent the preferred carbide fila-
ment from decomposing inte free metal and carbon. Hy-
drogen and halogen may be used in varying proportions;
it is critical only that enough hydrogen be present to pre-
vent halogen from attacking the bulb componeats, and
that the total amount of hydrogen and halogen be suffi-
cient to combine with the carborn atoms escaping from
the région surrounding the filament to reduce t¢ & mini-
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mum deposit of uncombined carbon upon the inner wall
of the bulb or upon other exposed surfaces. Thus, the
atmosphere, at operating temperatures, preferably com-
prises an excess by velume of hydrogen and halogen over
vaporized carbon and an excess by volume of hydrogen
over halogen. For example, the employment of benzene
hexachloride. produces an . atmosphere comprising an
atomic ratio of approximately one carbon atom to one
chlorine atom to six hydrogen atoms. If the preferred
atmosphere is provided by a mixture of materials, such as
a hydrocarbon and gaseous hydrogen chloride, a desirable
atomic ratio is one carbon to three chlorine to five hy-
drogen. It is to be understood that these ratios may be
varied widely, within the limits previously specified, with-
out departing from the invention.

While the drawing particularly illustrates the applicabil-
ity of the present invention tc vebicle lamps, it is under-
stood that the invention may be advantageously employed
generally with incandescent lamps, for example photo-
ficod lamps, projection lamps and related structures
adapted to project carefully controlled or substantially
collimated light beams,

Moreover, while the drawing describes a specific lamp
configuration or structure, it is understood that the in-
candescent lamp may take any desired shape and have
any desired size. It may, for example, have an envelope
which is either transparent or translucent in whole or in
part, and, where a portion only of the envelope is light
trapsmitting, the remainder may comprise a parabolic or
other suitable reflector with the lamp filament positioned
at the focus thereof.

Since certain changes may be made in the above prod-
ucte without departing from the scope of the invention
herein involved, it is intended that all matter contained
in the above description or shown in the accompanying
drawing shall be interpreted as illustrative and not in a
limiting sense. '

What is claimed is:

1. In an incandescent lamp, an atmosphere compris-
ing, at operating temperatures, hydrogen and carbon,
and a filament positioned within said atmosphere com-
prising tantalum carbide and about 20% by weight of at
least one refractory metal carbide selected from the group
consisting of the carbides of z'rconium and hafnium.

2. A lamp according to claim 1, wherein the atmos-
phere also includes, at operating temperatures, at least
one halogen.

3. A larap according to claim 1, wheréin the atmos-
phere also includes an inert gas of low heat conductivity.

4. Tn an incandescent lamp, an atmosphers compris-
ing at least one source of hydrogen and at least one
source of carbon, sa'd atmosphere being substantially
free of oxygen, and a filament positioned within said at-
mosphere comprising tantalum carbide and about 20%
by weight of at least one refractory metal carbide se-
lecied from the group cousisting of the carbides of zir-
conium and hafnum.
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