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To all whom it may concern.:

Be it known that I, Carn AUrr von WELs-
BACH, a subject of the Emperor of Austria-
Hungary, residing at Vienna, Austria-Hun-
gary, have invented or discovered a certain

.new and useful Improvement in the Manu-

facture of Elastic Filaments, of which the
following is a specification.

My invention relates to the manufacture
of incandescent electric lamps and has for
its object the production of illuminating
conductors, called filaments, for lamps which
can be worked at a very high temperature

- and which will give forth a very brilliant
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‘light.

I accomplish this result by construct-
ing the illuminant substantially of the metal
osmium, a substance which is readily oxi-
dizable if heated in an atmosphere contain-
ing oxygen, but which, especially when pure,
can withstand without melting or volatiliz-
ing a temperature above the volatilizing
temperature of platinum if placed én vacuo
or in certain protective gases (as, for instance,
the gases and vapors incident to the incom-
plete combustion.of illuminating gas, pro-
cured by the ignition thereof at the air feed
openings of a Bunsen burner, as hereinafter
mentioned.) Tt is therefore capable of be-
ing raised to so high a temperature that the
light emission bears a high ratio to the con-
sumption of energy and this great efficiency
is obtained without destroying the durability
of the filament. There are however great
difficulties in the use of this metal and up to
the present time-no means have been found
by which it can practically be applied to the
above purpose. - It is not ductile/ but on the
contrary exceedingly brittle and pulveriz-
able and it cannot be formed into wires either
by drawing or-pressure. Therefore to util-
ize it in the manufacture of filaments suited
for use in incandescence electric lamps in-
volved the devising of special methods for
that purpose.

Osmium was known to be a good con-
ductor of electricity, yet it was not.-known
that it is non-volatilizable, when in vacuo
or in certain reducing gases, at temperatures
at which platinum volatilizes; a discovery
which is utilized as one of the bases of the
present invention.. Now I have discovered
that osmium while under the influence of the
electric current at very high temperatures,
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either én vacuo or in certain reducing pro-
tective gases, assumes a partially fused co-
herent or cinder like condition which causes
an intimate contact of the particles whereby
is obtained perfect electric conductivity and
requisite flexibility and elasticity, while at
the same time resisting a liquefying action
even at such high temperatures. < This main-
taining of its solid form, when the heating
is effected in the presence of certain gases
or in wacuo such as that of the ordinary elec-
tric lamp, and the refusal to liquefy or
volatilize continuing up to temperatures
much higher than that at which the volatili-
zation of platinum occurs, is a discovery
utilized in my present invention, and an im-
portant fact to keep in mind when it is re-
membered that the metal osmium (among
those of its group of highly infusible metals)
Is peculiar in that it oxidizes with great
readiness when in the presence of free
oxygen.

In carrying out my invention I prepare
stiff uniform paste or osmium or its suitable
salts, and a binding material which under
the influence of heat will resolve itself prac-
tically into carbon. I take osmium in a
very finely divided condition and a binding
material, such as a syrup of sugar, which 1
thoroughly knead into a smooth stiff paste
throughout which the particles are inti-
mately and uniformly distributed. Of the
binding material I use only sufficient to hold
the particles together during the manufac-
ture of the filament.

If a dry binding material be used a suffi-
cient quantity of water must be used to
enable the ingredients to assume the desired
pasty condition. Viscous collodion may be
used as the binding material in which ‘case
the paste after it has been given the fila-
mentary form and before further treatment
must be denitrated. = This paste, which I
shall hereafter designate as my osmium
paste—is then given its filamentary form by
being forced through a suitably shaped die
or in any other suitable manner; I however
prefer to form it into what I shall hereafter

term my osmium threads by forcing 'it’

through a suitable die for fhat purpose.

My osmium threads after drying are then

subjected to dry or destructive distillation.
The application of heat resolves the organic
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matter into carbon and volatile constituents

" which are driven off, so that the filament
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now comprises a mixture of carbon and
osmium. The carbon is then removed from
the mixture by subjecting the incomplete
filament to the influence of a moderate heat
obtaified by an electric current in an atmos-

phere of gases capable of taking up or re--

moving the carbon without oxidizing the
osmium, and the osmium particles are par-
tially fused or cemented together by con-
tinulng the current to the development of
a heat at which platinum would volatilize.
Such an atmosphere should contain carbonic
acid or vapor water to take up the carbon,
but, as these gases would attack the osmium
more or less, the atmosphere should also
contain a reducing gas, such, for instance,
as hydrogen, carbon monoxid, or hydro-car-
bons. The simplest composition of such an
atmosphere would be hydrogen containing
water vap r, or carbonic acid, or a mixture
of carbon-monoxid and carbonic acid. A
very suitable mixture for that atmosphere
may be derived, for instance, from the mix-
ture of gases and vapors incident to the in-
complete combustion of illuminating gas
procured by the ignition thereof at the base
of air feed openings of a Bunsen burner,
the said mixture of gases and vapors being
collected -from the burner tube.

In practice I mount the incomplete fila-
ment i1 a suitable container filled with the
described gas and then apply the electrie
current for the elimination of the carbon
at a moderate heat and the consolidation
and cementation of the particles into a
dense, compact and coherent filament of
osmium at a heat at which platinum would
volatilize. Thus by the action of the elec-
tric current and the heat developed thereby,
while the filament is in the presence of an

‘atmosphere of the protective gas, the carbon

is eliminated and the osmium particles ce-
mented into a complete dense coherent fila-
ment which incandesces at a temperature
above that at which platinum volatilizes and
is consequently of great efficiency as an in-
candescent electric filament. ~The filaments
thus produced are readily distinguishable in
that they are free from carbon, extremely
dense and coherent, have the necessary flexi-
bility and resiliency or elasticity, and de-
pend upon osmium not only for their con-
ductivity, but for the incandescence which
is produced at a temperature at which plati-

"num would be melted. :

‘The osmium short of absolute purity con-
tains certain oxids as impurities which are not
entirely volatile even when brought to daz-
zling incandescence in an atmosphere of
}fzrrotective gas, yet they may be volatilized
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oxids,. such as titanic acid, alumina, mag-
nesia, and the like which are more volatile,
and volatilize when brought to incandescence.
. “With osmium in a state of absolute purity
the metallic particles are more readily and
thoroughly consolidated and cemented into
a stable, dense, homogeneous, coherent and
elastic filament, so it is of the greatest im-
portance to eliminate all such oxids from the
osmium of my osmium threads to permit of
a more intimate contact of the metallic par-
ticles and that I do by adding to my osmium

paste a suitable quantity of titanic acid or.
an oxid which volatilizes when brought to’

incandescence and then treating the threads
made therefrom in the same manner as my
hereinbefore described osmium threads in
which treatment the titanic acid, or other
oxid used for the purpose will be volatilized
and .the impurities eliminated by their vola-
tilization when the filament has reached a
dazzling incandescence in the protective gas
following the elimination of the carbon
from the binding material which takes place
at a lower temperature. ’

In carrying out this process of refining the
osmium and the consolidation of its par-
ticles I prefer to use titanic acid though
there may be used to advantage all oxids of
a more basic character which will volatilize
when brought to incandescence as for ex-
ample alumina and magnesia. Silicic acid
will not answer the purpose. However
thoria and zirconia may be used for the re-
moval of the impurities in which case these
oxids would appear as a coating firmly

united to the surface of the osmium. I take.

the titanic acid, or oxid used, in a very
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finely divided condition and add it to the .

very finely divided osmium and binding ma-
terial that it may be thoroughly and inti-
mately incorporated therewith into a

smooth,. stiff, uniform paste consisting of

osmium, titanic acid, or whatever oxid may
be used, and a suitable bindin
using of osmium and titanic acid, or of the
oxid used, their corresponding chemical
equivalent in weights, as for example ten
parts in weight of osmium and four parts
in weight of titanic acid. The paste is then

given its filamentary thread-like form as

hereinbefore fully set forth. '
The surface of the threads or whatever the
form may be, should be smooth and nearly

‘brilliant, otherwise they should be rolled

between mirror-glasses which are parallel to,

and of a certain- distance from each other.

and coated with smooth paper or similar ma-
terial. Then the filamentary threads are
while still in a flexible condition formed into
the required shape, although they may at a
subsequent stage in the treatment be given

om thé osmium in the presence of other : their final desired form and treated through-

material,
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tric current, in a suita
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out in the manner hereinbefore set forth.

In carrying out that treatment after the

osmium thread has been placed in the elee-
ll))le protective  gas
such as heretofore described, I apply the cur-
rent, first slowly and until the carbon of
the binding material has been eliminated,
but afterward intensely heated to a condi-
tion of dazzling incandescence when the ti-
tanic acid is volatilized and the impurities
eliminated,—this should not'be effectéed too

quickly,—leaving the osmiun\ii' in a state of.

purity as a stable, dense, homogeneous, co-
herent and elastic filament of great dura-
bility suitable for uge as the filament in an
electric lamp when placed én vacuo or suit-
able protective gas and heated to incandes-
cence at a temperature above that at which

-platinum volatilizes when it will emit an

intensely brilliant light. A peculiarity of

my osmium filament is that it will for a long’

time withstand a temperature above that at
which platinum volatilizes. The completed
filament is now ready for mounting in the
lamp bulb,—being connected to the leading-
in wires by an osmium cement as set forth
in my application of even date herewith,—

which is filled with the protective gas, and.

the filament should be heated to high in-
candescence and kept so while the bulb is
being evacuated;

My osmium filament may be coated with
an enamel-like coating of thoria, zir-
conia or like oxids, and that may be
accomplished by either changing the
ingredients” of the paste from which the
untreated osmium threads are made, or by
applying a coating to the thread and sub-
jecting it to high incandescence in a protec-
tive gas, in either case the oxid appearing

as a firmly united enamel-like coating on the.

surface of the osmium. Taking thoria as
the example I would, if it is to be added to
the paste, make use of, for example, three
parts osmium, one part thoria, and three
tenths parts alumina with the necessary
suitable binding material, thereafter treat-
ing the paste and the threads made there-
from the same as hereinbefore set forth, and
I find that when brought to high incandes-
cence in the protective gas the alumina is in
whole or part volatilized, the impurities
eliminated, while the thoria appears as a
firmly mited enamel-like coating on the sur-
face of a dense. coherent core or wire of os-
mium, thus producing a strong and durable
osmium-thoria-coated filament, that will in-
candesce at temperatures dbove that at
which platinum volatilizes and emitting an
intensely brilliant light. ‘ -

. While T prefer to use alumina it may how-
ever be omitted as an ingredient in the last

mentioned paste the thoria alone acting as

the purifying agent. If zirconia be substi-

-ifi the case of the paste, be omitted.

tuted either in whole or part for the thoria
it should as an example be used in corre-
spondingly chemical equivalent in weight.
If applied as a coating to the already formed
osmium filament I make a smooth uniform
paste of a cream-like consistency of, for ex-
ample, three parts thoria and one part alu-
mina which I apply to the filament with a
brush or in any other suitable or convenient
way so long as the filament is uniformly
coated with the paste, and so coated I again
subject the filament to high incandescence
in a protective gas which under the influence
of the heat and the electric current leaves
the oxid firmly united or cemented as an
enamel-like coating on the surface of the
osmium filament producing as in ‘the former
‘case a dense coherent osmium-thoria-coated
filament possessing the properties and char-
acteristics heretofore mentioned. Zirconia
may be substituted for the thoria using it
for example in corresponding chemical
equivalent weight. The alumina may. as
The
osminm thread may before it is subjected to
electrical treatment, be coated in like man-
ner and then electrically treated as herein
specified for the production of an osmium
filament. : )

Having thus described my invention what
I.claim as new and desire to secure by Let-
ters Patent is:—

1. An incandescent filament for an elec-
tric lamp consisting of osmium in a dense,
coherent and elastic condition incandescing

at a temperature at which platinnm vola-

tilizes substantially as set forth.

2. An incandescent filament for an elec-
tric lamp composed of particles of osminm
cemented together by the action of the elec-
tric current and heat, at a temperature
above the melting point of platinum into

-a self sustaining thread or wire like fila-

ment substantially as set.forth.

3. A filament for an electric incandescent
lamp composed of a series of osmium par-
ticles electrically welded into a dense co-
herent ‘and elastic self sustaining strip or
thread which will incandesce at a tempera-
ture above that at which platinum melts
substantially as set forth.

4. A dense, coherent and elastic strip or
thread of osmium which when used as the
filament in an electric incandescent lamp
will incandesce at a temperature above the
melting point of platinum substantially as
set forth. _

5. A filament for an electric incandescent
lamp composed of osmium and a coating of
thoria. substantially as set forth.

6. The process of producing filaments for
ineandescent electric lamps, which consists
in forming a threadlike body from a paste
containing a refractory metal and an agglu-
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tinatin, 'material,_ eliminating from said
thread-%ike body the agglutinating con-

stituent thereof in a protecting environ-
ment, thereby: leaving a corrg,sFondmg
thread-like body. of metallic particles, an
progressively consolidating and uniting said
particles into a compact, coherent, elastic

. final filament, by the passage therethrough
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of an electric current at a heat finally reach-
ing dazzling incandescence; substantially
as described. .

7. The process of producing filaments for
incandescent electric lamps, which consists

‘in forming a thread-like body containing a

refractory metal, subjecting it to the action
of an electric current until it is converted

into a series of metallic particles prelimi-

narily sintered together, and then progres-

‘sively raising the temperature of said body

by a gradual increase of the current until
the preliminarily sintered particles are
united into a compact, coherent, elastic fila-
ment; substantially as described.

8. The herein described process of mak-
ing filaments for incandescent electric lamps
from a thread composed of a carbonaceous
material, and osmium,; consisting in distil-
ling off the volatile constituents of the car-

bonaceous matter, and then removing -the
carbon by subjecting the. material to the .

action of an electric current in the presence
of a gas which will combine with the carbon

" but which is inert with respect to the metal,
‘and by the action of electric current causing
~ the particles to cohere substantially as set

forth. . . . -

9. The process of making filaments for
incandescent electric lam_ps, which consists
in forming a paste .containing carbonaceous
matter and osmium, forming said paste into
the desired filamentary shape, distilling off
the volatile constituents of the carbonaceous

~ matter, and then removing the carbon by
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subjecting the material to the action of an
electric ‘current in the presence of a gas
which will combine with the carbon but

which is inert with respect to the metal and’

by the continuous action of the current caus-
ing the particles to cohere into a thread or
wire like filament substantially ‘as set forth.

10. The process of making filaments for
incandescent electric lamps, from a paste of
collodion, and osmium, which consists in
forming the incandescent body therefrom,

denitrating the collodion and subjecting the

same to the action of the electric current in
the presence of a gas which unites with the

_carbon and which will be inert to the metal,

and by continuing the current cementing
the metallic particles into a self sustaining
filament, substantially as set forth.

~ 11, The herein described process of mak-

ing filaments for incandescent electric lamps-

from a paste of osmium, thorium, alumina

976,526 . -

and a binding material, consisting in mold-
ing the paste into a suitable wire or thread
like form, subjecting the same to dry distil-
lation and afterward eliminating the bind-
ing material by the heat of an electric cur-
rent passing through the filament in the
presence of a suitable atmosphere of gases,
and by the continuous action of the electric
current causing the ‘particles to cohere into
a dense, coherent and elastic incandescent
filament substantially as set forth.

12. The herein deseribed process of mak-
ing a filament for incandescent electric

‘lamps from a paste of osium, titanic acid

and a binding material, consisting in mold-
ing the paste into a suitable wire or thread
like form, subjecting the same to dry dis-
tillation. in a protective gas and eliminating

- the binding material by the heat of an elec-
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tric current passing through the filament in -

the presence of a suitable atmosphere, and
by the continuous action of the electric cur-
rent and at a temperature above the melting
point of platinum volatilizing the titanic
acid and eliminating the impurities and

causing the particles to cohere into a dense,

coherent and elastic incandescent
substantially as set forth.

18. The process -of making a .ﬁlaxnnent- for

filament

incandescent -electric lamps from a “paste of .
‘osmium, - an,oxid of more basic character
which “volatilizes when brought to incan-

descence and a binding material, consisting
in molding the paste into a suitable wire or
thread like form, subjecting the same to dry
distillation in a protective gas and eliminat-
ing the binding material by the heat of an
electric current passing through the filament
in the presence of a suitable atmosphere, and
by an increase of the electric current de-
veloping a heat at which the oxid volatil-
izes and eliminates the impurities and causes
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the particles to cohere into a dense, coherent

and elastic incandescent filament substan-
tially as set forth. .
14. The herein described process of mak-
ing filaments for electric incandescent lamps
from a paste of osmium, an oxid which will
volatilize when brought to incandescence
and a carbonaceous binding material, con-
sisting in molding the paste into threads or
the desired filamentary form, subjecting the
same to dry distillation, then applying the
electric current first slowly and until the
carbon of the binding material has been
eliminated at a comparatively low heat, then
increasing the current until the filament is
heated to dazzling incandescence when the
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oxid used, is volatilized and the impurities .

eliminated and the osmium cemented into a
state of purity as a stable, dense, homo-
geneous, coherent and elastic filament sub-
stantially as set forth.

15. The process of making filaments for
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) ‘.mcandescent electric lamps, Whlch consists pact, coberent elastic filainent; substantmlly
in producing a thread-like body of loosely- | as described. -
. coherent metallic particles, and then. pro- Slgned this 27th day of Julv 1898.

gressively raising the temperature of said' CARL AUER VON VVELSBACH
; body to dazzling incandescence, by the pas- \Vltnesses _ .

_sage. therethrough of an electric current Lupwic HAITINGE,
- until sald partlcles are. unlted mto a com- | - Avorr GaArria.”




