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NMETHOD 0F TREATING FILAMENTS FOR INCANDESCENT ELECTERIC

o Brawing.

T'o all whom it may concern:

Be it known that I, Joun H. Ramacs, a
citizen of the United States, and a resident
of Norfolk, in the county of Norfolk and

§ State of Virginia, have invented a new and
useful Improvement in the Method of Treat-
ing Filaments for Incandescent FEiectric
Lamps, of which the following is a speci-
fication.

My invention relates to the manufacture
of metallic filaments for incandescent elec-
tric lamps, and it has for its object to pro-
vide 2 method of treating filaments of tung-
sten and other equivalent refractory metals
18 for the purpose of imparting to such fila-
ments an internal structure which resists al-
teration during burning and which, there-
fore, adds materially to the operating life
of the filaments.

The life of a metal incandescent-electric
lamp filament is limited by the alterations
which take place in the filament during
burning, such alterations comprising main-
ly the bodily discharge or evaporation of
particles of metal from the filament and re-
arrangements and crystalline growth with-
in the filament. Such internal changes ren-
der the filament brittle and cause it to be-
come deformed or break after a limited pe-
riod of service, particularly if the filament
is of the small diameter required in the
smaller types of lamps. One such internal
change manifests itself in a displacement
in sections of a filament with respect to its
longitudinal axis and it is usually desig-
nated by the term “off-setting”.

I have discovered that, if a definite inter-
nal crystalline structure is imparted to a
metallic lamp filament before the lamp is
4 placed in service, further internal altera-
tion is restrained and the life of the filament
is materially increased. I produce such in-
ternal structure by subjecting the filament,
after it is placed in the lamp bulb, to a
form of heat treatment, which, T have dis-
covered has the above indicated beneficial
effect upon the filament. This heat treat-
ment may conveniently be combined with
the usual flashing operation or if desired it
% may be carried out in a separate operation.

In either case the object of the invention
may be. achieved which, more specifically
stated, is to impart. to a finished filament,
adapted to function as the incandescent ele-
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ment of an electric lamp, a definite and ad-
vantageous crystailine structure in which
the number of the grains or crystals lie
within certain limits and the size thereof
is maintained uniform

In practicing the treatment contemplated ¢

by my invention, it is possible to control
the crystalline structure and therefore the
burning life of metallic filamentary mate-
rials, such as tungsten and similar highly
refractory metals, which are in the fibrous
state before the process is applied The
term fibrous state as here and hereinafter
used is intended to mean a metallic struc-
ture responsive to a treatment capable of
producing an equiaxzed crystalline condition,

In metals, the grain structure of which
has been deformed by mechanical working
there is a certain temperature known ss the
critical or equiaxing temperature at which
the metal assumes an unstressed or natural
cell-like structure, known as the equiazed
condition. Immediately above this equiax-
ing temperature there is a temperature zone
in which the enlarging or growth of the
grains composing the metal structure is ex-
tremely rapid, which for the purpose of this
application will be termed the rapid grain
growth range. Beyond the extreme limit
of this range there is another range in which
grain growth takes place much more slowly
and which extends up to the fusion point of
the metal. To avoid rapid grain growth
and to retain the desirable structure im-
parted to the filament, it is deemed essen-
tial that the zone of rapid grain growth
be passed through rapidly, i. e., the heat-
treatment is not prolonged for any appre-
ciable period of time in the rapid grain
growth range, thus avoiding detrimental
crystal growth. ,

1 have found that, in the case of a swagsd
tungsten rod or ingot of .170”” diameter,
the equiaxing temperature is approximately
1800° C. Tt is to be understood that there
are several factors which influence the criti-
cal and germinative temperatures of a fila-
ment such as the kind and purity of the ma-
terial comprising the same, size thereof, op-
erating efficiency, etc., but generally speak-
ing, these temperatures cover a range from
1800° C. to 2160° C. for tungsten filaments
containing a small percentage of an offset-
resisting material such as thoria. As here-
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inafter more fully set forth, the germinative
range is not a fized temperature range for
all metals, but nevertheless may be regarded
as substantially fized for given conditions as
to kind, quality, and mass of the substance
composing the filament. For the purpose
of this application, the germinative range
of temperatures shall be considered as that
range including the critical temperature and
the range of rapid grain growth and ex-
cluding the range in which slow grain
growth takes place.

I have found that there is a direct rela-
tion between the life of the filament and its
initial grain structure. By initial grain
structure is meant that structure the filament
has when it begins its commercial useful
life. My invention is directed to influenc-
ing the grain structure when the. fibrous
structure is changed fo crystalline. This
latter conversion has siways cccurred in the
manufacture of tungsten lamp flaments
when the latter have been heated for the
first time by a flashing process, which con-
sisted in incressing the applied voltage at
s uniform and comparatively slow rate
from a fractional part of the normal volt-
age to a value somewhat in excess of the
normal; the structure resuiting from such
heating, however, has resulted in the forma-

‘tion of a filament having an initial grain

structure nom-uniform in size. My inven-
tion, therefore, is directed to a properly
controlled method of converting the fibrous
structure of the drawn wire to the optimum
crystalline condition and the process is
therefore begun when the filament is in the
Furthermore, by prac-
ticing my method, 2 filament is produced
having an initial grain structure that is
uniform.

I have alse discovered that the grain
structure of the lamp filament changes dur-
ing the life of the lamp and that, after a
certain time, which is in the filament’s early
life, the grain growth takes place very
rapidly and that the formation of uneven
and coarse grains effects a subsequent deteri-
oration of the filament, recognized in the
phenomenon known as offsetting.

Controlling the crystalline structure and
thus increasing the life of lamps now ¢om-
monly used is one of the purposes of this
invention. :

In practicing my invention, the metal
may be raised to just below the critical tem-
perature thereof and then by a subsequent
heat-treatment the germinative range or
zone may be passed through very rapidly to
a relatively high temperature, i. e., a tem-
perature which is higher than the extreme
limit of the germinative range, which tem-
perature should be less than the fusion
point of the metal. The high tempersture

may be maintained for a predetermined
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period, care being exercised not to reach
the fusion point. This treatment contem-
plates two stages. However, the treatment
may be practiced in ome stage by raising
the temperature in one step to the high
temperature.

In passing rapidly through the critical
point to a relatively high temperature, the
intermediate germinative range is neces-
sarily also passed rapidly. In maintain-
ing the filamentary body at the relatively
high temperature above the germinative
range, the duration of time in which it is
so maintained is dependent on the grain
size which it .is desired to produce.

By this process I obtain & structure in
which ail the grains are substantiaily of the
same size. This uniformity of grain size
is one of the features of my invention, as
grains of the same size are not readily ab-
sorbed intc each other and therefore no
substantial amount of grain growth -cccurs
to result in the objectionable non-uniform
sized grains which results in off-setting.

The previous method of initially keating
the filament which comprised passing slowly
and uniformly through the critical point
and the rapid grain growth range, pre-
duced an irregular grain structure, i. e., &

structure consisting of large and small

grains. This difference in grain size resulted
in the absorption of the small grains by the
large grains; in other words, there was
a grain growth resulting in non-uniform

sized grains which offset and are therefore !

deleterious to the life of the filament.

Following these general principles, a
heat-treating schedule may be determined
which will produce a given grain structure
for any size filament. A proper heat-treat-
ing schedule may be devised for a filament of
given size by applying the proper voltage
for the proper period of time. This tem-
perature. control permits the regulating or
governing of the initial grain structure of a
lamp filament, and upon the initial grain
structure depends the life of the filament.
In other words, a given grain formation de-
pends upon the use of a certain heat-treating
schedule, and the life of the lamp is de-
pendent upon a given grain formation. I
have found that a heat-treating schednle
which will produce a grain size or formation
of between say, 12000 to 18000 grains per sg.
mm. results in a tungsten filament destined
for a considerably longer life than one in
which no attempt has been made to control
the grain growth.

As an example of how the foregoing data
may be applied in predetermining the grain
structure of a given filamentary body, I sub-
mit the following schedules which produced
very satisfactory results where standard 40
watt 110 volt Mazda B typs lamps, i, e.,
vaeuum lemps were used. [ found that the
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filament of this type lamp if heat-treated
for 5 minutes at 80 volts and then the tem.
perature is rapidly increased by raising the
voltage in one step to 130 volts and main-
taining the same for about 5 minutes would
be given a crystalline structure of approxi-
mately 12,000 grains per square mm. These
stages may follow each other or the first
may be performed and the latter take place
when the lamp is initiaily burned in com-
merce. The filament temperature of such a
designed lamp, when operated at 80 volts is
about 1775° C. and, when burned at 130
volts, is substantiaily 2200° C. Since the
germinative range for tungsten filaments is
from 1800° C. to 2100° C., depending upon
whether the tungsten is substantially pure or
contains additive materials such as thoria,

ete., it will thus be observed that the fila-

ment was first raised to a temperature bor-
dering upon its critical temperature, and
then thistemperature wassuddenly increased
to a temperature in excess of that at which
grain growth takes place rapidly. It must
be borne in mind that the fundamental ides
underlving my invention is that of passing
through the rapid range growth very rap-
idly. Therefore, it is to be appreciated that
instead of conducting the heat-treatment in
two distinct stages, the desired result may
be secured by raising the temperature of
the filament in one step to a point above
the rapid grain -growth range. In the illus-
tration given, the first step could be omitted
and only the second step applied. By fur-
ther variation in the heating schedule, fol-
lowing the general principles outlined,
practically any desired grain size for a
given filamentary material may be devel-
oped. When lamps treated according to the
schedule mentioned were life-tested, they
did not burn out for substantially 1400
hours. Since the average life of a lamp not
subjected to my heat seasoning schedule is
approximately 1100 to 1200 hours, it is evi-
dent that a lamp treated as contemplated by
this invention has an increased life efficiency
of at least 10%. '

From the above remarks, it will be seen
that heat-treatment causes the grain growth
to start, and that the proper control of
the heat-treatment determines whether the
grain structure shall be regular or irregu-
lar, i. e., uniform or. non-uniform, and also

3 determines the fineness of the grain at the

beginning of the life of the lamp. Also, it
wonld appear that the life of the lamp is
dependent on the rate of grain growth, and
any means which will have a tendencv to
retard grain growth during the service of
the lamp will increase its efficiency by pro-
longed life. )

According to my discovery, if the fila-
ment is given a predetermined initial crys-

talline structure, future rapid grain growth
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is retarded, especially if the lamp is oper-
ated at its designed rating, and this retarda-
tion of rapid grain growth is found to be
beneficial in prolonging the useful iife oi
the lamp.

* While I have herein particulariy described
a preferred method of effectuating my in-
vention, I do not wish to be limited to the
precise details set forth as changes may
readily be made without departing from the
spirit of the invention.

What is claimed is:

1. A filament of tungsten or equivalent
refractory metal consisting of grains sub.
stantially uniform in size.

2. An offset-resisting filament consisting
essentially of crystallized tungsten only,
said tungsten having crystals substantially
uniferm in size.

3. A metallic filament of tungsten- or
equivalent refractory material having a
crystalline structure in ‘which the grains are
of uniform size and within a range of
12,000 to 18,0600 grains per square milli-
meter.

4. A crystallized filament formed from
tungsten having initially a fibrous struc-
ture, said filament: consisting of grains
which number 12,000 to 18,000 per square
millimeter.

5. In the process of treating incandescens
lamp tungsten fillaments having a fibrous
structure, the step which consists in elevat-
ing the temperature thereof rapidly through
the critical temperature and the range . of
rapid grain growth,

6. In the process of treating tungsten hav-
ing a fibrous structure, the step which con-
sists in elevating the temperature there-
of rapidly through the critical temperaturs
and the range of rapid grain growth.

7. The method of producing an offset-re-
sisting filament which consists in initizlly
heating fibrous tungsten to just below ifs
critical ~ temperature, passing rapidly
through the germinative range to & rela-
tively high temperature and mainiaining the
latter temperature for a predetermined
peried.

8. The method of producing an offssi-
resisting filament which consists in initially
heating drawn tungsten to just below iis
critical  temperature, passing rapidly
through said critical temperature and the
range of rapid grain growth and maintain-
ing a temperature for a predetermined
period above said range.

9. In the method of retarding grain
growth in an incandescent lamp filament
of tungsten having initially a fibrous struc-
ture the step which consists in producing
crystals in said filament substantially uni-
form in size by heating the filament rapidly
to a temperature above the range of rapid
grain growth.
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10. The method of imparting a definite
crystalline structure to tungsten or equiv-

alent refractory material, which consists in -

raising the material to just below its crit-
ical temperature, passing through the germi-
native range rapidly, and maintaining a
high temperature above said range for a
predetermined period, being careful not to
reach the fusion point. .

11. In the method of imparting a definite
crystalline structure to a tungsten filament,
the step which comprises rapidly raising
the temperature of the filament to a degree
above the germinative range but below the
fusion point of the metal. ,

12. The method of imparting a definite
crystalline structure to a tungsten filament,
which comprises rapidly raising the tem-
perature of the filament to a degree above
the germinative range but below the fusion
point of the metal and maintaining said tem-
perature for a predetermined interval.

13. The step in the method of imparting
a definite crystalline structure to a tangsten
or equivalent metal filament mounted in an
incandescent lamp, which consists in rapidly
raising the temperature of the filament to
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a degree above the germinative range but
below the fusion point of the metal,

14. The method of imparting a definite
crystalline structure to a tungsten or equiv-
alent metal filanient mounted in an incan-
descent lamp, which comprises rapidly rais-
ing the temperature of the filament to a
degree above the germinative range but be-
low the fusion point of the metal and main-
taining such temperature for a predeter-
mined interval.

I5. In an electric incandescent lamp, a
filament composed mainly of tungsten and
possessing, after having its temperature
rapidly raised above the germinative range,
grains substantially uniform in size.

16. In an electric incandescent lamp. a
filament consisting essentially of crystallized
tungsten only and possessing, after having
its temperature rapidly raised above the
germinative range, crystals substantially
uniform in size.

In testimony swhereof, T have hereunto
subicribed my name this 24th day of Sept.
1917.

JOHN H. RAMAGE.
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