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(No specimens.)

To all whony it maly conceri:

Beiltknown that I, HIRAM STEVENS MAXIM,
a citizen of the Umted States, residing at 18
Queens Gate Place, I.ondon, in the county of
Middlesex, Hngland, have invented an Im-
proved iﬁ{}th{}d o Manufaetnring Filaments
for Hlectriec Lamps, of which the followingis
a specification.

My invention relates to a method of manu-
facturing filaments for incandescent eleetric
lamps. -

The tendency at the present time in elec-
tric lighting i1s to use very high voltage, and
in order to meet the new requirements aris-
ing from this tendency it is necessary to in-
crease the resistance of the lamp-filaments as
much as possible. This can only be done by
making them extremely fine and long or by
adding Lo the earbon of which they are com-
posed some highly-refractory non-condueting
material. When such materials as carbid of

silicon and carbid of boron are employed with

- the carbon they are liable to be volatilized
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by the electric current when the lamp is in
ise and to form a thin opalescent film on the
1nside of the glass giobe of the lamp. Now
diamond-powder is not subject to this objec-
tion, as it will endure a very high tempera-
ture without being volatilized. Natural dia-
mond-powder—. e., natural diamond reduced
0 p.owder-———is, however, 100 expensive to be
used for this pm pose, even if made from the
cheapest kind of stones that can be obtained;
but according te my invention I am able t0
manufacture a species of carbon which, while
closely, if not completely, resembling the dia-
mond, will be less expensive tlmn natural
diamonds. For this purpose it is necessary
to employ an extremely great pressure and s
high temperature, and an important feature
of my invention has reference to the manner
in which such great pressure and high tem-
perature are obtained.

It is well known that carbonie acid or car-

bon dioxid (CO,) may be retained in the lig-
uld eondition at a pressure of about from five
hundred te six hundred pounds per square
inch at ordinary temperatures, but that if it
be converted inte carbon monoxid the pres-
18 very much |

cgreater. I take advantage of this fact to ob-
tain the high pressure and temperature I re-
quire by placing in a strong tightly-closed
vessel carbonte acid 1n the liquid or solid eon-
dition, together with carbon, preferably a hy-
drecarbon, such as gasolene. The carbonic
acld and the hydrocarbon are then decom-
posed by subjecting them tothe voltaicare,the
oxygen of the carbonic acid being thus caused
to talte up another measure of carbon and to
be thereby converted from carbon dioxid into

carbon monoxid. This decomposition, to-
gether with the rise in temperature, will pro-
duce the necessary pressure, the temperature
of the carbon being at the same time raised
so extremely high that the carbon in imme-
diate contact with or contiguous to the elec-
tric conductors between which the voltaie are
18 produced will be converted info & species
of diamond -scales which will secrateh olass,
while all the carbon will be very much modi-
fied. Insomelnstancesitmay be necessaryto
continue the high temperature for a very long
time in order Lo allow the carbon to 01}‘;5&11—
lize out of the carbonaceousgases. Of course
if the carbon or hydrocarbon be heated in
carbonic acid alone very little effect would

take place, asno very high pressure would be
reached, whereas if a 100 large

e quantity of
hydrocarbon be employed a loose, smutty,
and solt deposit would be formed:; but by
having only a small excess of carbon—z. e.,
just sufiicient to convert all the carbonie acid
present into carbon monoxid, with a little
free hydrocarbon iﬂnmmmg-———then the crys-

tallization may take place from the residuum
of gases, and if the process be continued long
enough dlamond-crystals or a species of dia-
mond-carbon may be formed. The diamond-
carbon 1nstead of belng of a very low resist-
ance, which is pecaliar to carbon whose teni-
per ature has been raised very high, will have
imparted to it a high gquality oJf eleem ical re-
sistance. In fact;itmay be soperfectly erys-
tallized as to altogether prevent the passage
of an electric current through it. This of
course depends upon the length of time that
the aforesaid treatment is continued and the

temperature enployed during such treatment.

in some ingtances all the mnlefhems usoed
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for forming lamp-filaments may be mixed and
subjected to the high temperature and pres-
sure, or the said ingredients may be treated

singly. It will thus be possible to so change
the constitution of the carbon or other in-
gredients as to render them highly advan-
tageous for the filaments of electric lamps.
In any case the temperature to which they

are subjected is higher than that to which--

they will be subjected in the lamp itself.
The carbon obtained or the ingredients

treated by my method are afterward reduced

to extremly fine powder, mixed with suitable

vehicles—such as tar, pitch, or sugar—and
then molded into filaments, which are ‘“‘re-

torted” and ‘‘flashed” in the usual manner.
It will be obvious from what has already been
stated that the electrical resistance of the
filaments will be in proportion to the guan-
tity of the diamond-carbon empioyed in their
manufacture.

In the accompanying drawings, Ifigure 1 is

- a side elevation, Iig. 2 a vertical section, and
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Fig. 3 a plan, of one form of the apparatus
for use in obtaining a high pressure and tem-
perature according to my invention. Fig. 4
18 a vertical section, and Fig. 5 a sectional
plan, of a modified construction of the said
apparatus.

Referring more particularly to Ifigs. 1 to 3,

A is a strong vessel of approximately cylin-
drical shape furnished with trunnions A’ A/,
by which it is pivotally supported in a frame
A® This vessel is preferably made of steel
lined with suitable refractory material, such
as bricks of compressed silica or compressed
magneslia, to protect it from the heat to which
it 18 subjected internally when in use. The
ends of the said vessel are provided with
strong detachable screw-covers or serew-stop-
pers A® A% each of which has a lever-handle
A’ to enable it to be conveniently unscrewed
when either of the said covers is required to
be removed for the purpose of obtaining ac-

cess to the interior of the vessel.

B B'arecarbon pencilsor electrodes mount-
ed In metallic holders 6 0', forming part of
hollowstems ¢, that extend through the afore-
said covers A’ A*.  The carbon pencils are ar-
ranged coaxial with the vessel A, one of them
being capable of longitudinal movement with
respect to the other, so that the distance be-
tween their adjacent ends can be varied ac-
cording to requirements. Ifor this purpose
the stem 0% of the holder b passes through a
stuffing-box a, forming part of the plug-piece

!

with another stem 6% which is serew-threaded
and passes through a nut 6*. The said nut

1s mounted in a cross-piece b so as to be ca--

pable of revolving without sliding, the cross-
piece 0° being connected by bolts 0% to a disk
or bar ¢, which is screwed to the aforesaid
plug-piece ¢’ and secures the latter to the
cover A%. The nut 6* is furnished with lever-

a'. This stem 0?is connected at its outer end

| volving by a feather 0° on the carbon-holder

engaging with a longitudinal groove a®in the

plug-piece. This plug-piece isinsulated from
the surrounding metal by suitable insulating

material a®. The other carbon pencil B’ is
carried by the stationary holder {’, the stem

b? of which passes through the screw-plug A*

and 1s insulated therefrom by insulating ma-
terial 0%, such as mica or asbestos. In order
to keep the carbon-holders cool, I make the
said stem 0° 0° of the movable holder b and also
the stem (% of the fixed holder b’ hollow and ar-
range within them a central pipe or tube 6,
with an annular space 0! around it. The ex-
tremities of the stems are provided with in-
let and outlet nozzles 6** 0%, one of which com-
municates with the pipe 0¥ and the other
with the annular space 0. Cold water can
thus be allowed to circulate through the car-
bon-holders and the parts directly connected

| therewith.

The apparatus illustrated by Ifigs. 4 and 5
1s provided with a lining A® upon which the
vessel A is shrunk, the said lining having a
spiral water-course A’ around it for the cir-
culation of cold water, which enters at A%and
escapes at A’. The plug-piece ' is likewise
formed with a hollow head ¢ communicat-
ing with longitudinal passages a® and with

‘inlet and outlet nozzles o' a® for enabling cold
| water to circulate through said plug-piece

and keep1it cool. The screw-stopper A®isin
this example provided with an obturator A~,
composed of asbestos and plumbago, with a
slight admixture of paraffin-wax for assisting
in rendering the vessel A gas-tight., Itisalso
provided with a toothed segmental portion
Al adapted to gear with a worm A, mounted

on an axle furnished with a crank-handle A®*

for revolving it. The said upper stopper A3
18 fTormed with interrupted screw-threads, so

that by giving approximately a quarter-turn

thereto it will be released from engagement
with the corresponding interrupted screw-
threads on the vessel A. To permit of ifs
then beingreadilyremoved fromthe vessel,the
said worm and the crank-handle are adapted
to be disconnected by forming the worm with
a longitudinal central hole of rectangular
shape to receive the axle, which is also of

rectangular shape at the part where the worm

fits it. The end A3 of the said axle and the

‘portion A are made cylindrical to fit the

bearings A®. When the axle has been re-
volved a sufficient number of times to turn
and release the stopper as aforesaid, the said
axle can be withdrawn longitudinally from
the bearings A¥ and also from the worm,
whereby both these parts are at one opera-
tion detached from the vessel A.

In using the apparatus the carbon or hy-
drocarbon is placed within the vessel A, to-
gether with a quantity of carbonic acid, pref-
erably in its solid or snow-like condition.
The vessel is then hermetically sealed by

handles 0" to permit of its being revolved, | tightly screwing on the screw-stoppers, and
while the stems 0° ® are prevented from re- | the electric current is then allowed to pass
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between the carbon pencils. Asthetempera-
ture rises by the heat generated by the elee-
tric current the solid carbonie acid in the

-presence of the ecarbon will be converted

into carbon monoxid and a great pressure be
thereby generated within 11118 vessel, as afore-
said. The continuance of such hlﬂh tempera-

ture and great pressure will convelt the car-

bon into a very hard and crystalline condi-
tion, which after its removal from the vessel
18 ¢r ushed into fine powder for use with the
carbon emploved in the manufacture of the
filaments, as already explained above.

I do not elaim herein the apparatus de-
scribed and illustrated formanufacturing fila-
ments for electric lamps, the same h.;wuw
been made the subject-matter of a sepmate
application filed by me November 8, 1898,

~Dbearing Serial No. 695,855,

704

Vhat I claim is—

The process of 11“1{111{,1111,@11111‘-*1110 high-resist-
ance {ilaments for electric lﬂmps th@h NG
sists 1n subjeeting solid or liquid carbonic
acid and ecarbon in a closed vessel under ereat
pressure to the action of the voltaic are, thore-
by converting the carbon into a dense erystal-
line form, then comminuting the resulting
produet, mixing the same with a suitable
binder, molding the mixture into {ilaments,
and finishing the filaments in the usual man-
ner as hereinbefore set forth.

In testimony whereof I have hercunto set
my hand this 23d day of December, 1898,

HIRARM HTEVENS MAXIM.

Y 111105%%
DruRy . Coorn 1R,
_UI‘L.MJW . MESYSIMED,
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