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To all whom it may concern.:

Be it known that T, Ezrcaier, WEINTRAUB,
a citizen of the United States, residing at
Lynn, in the county of Essex, State of Mas-
sachusetts, have invented. certain new and
useful Improvements in Electrical Resist-

ances, of which the following is a specifi-

cation. ..

My present invention relates to resistances’

suitable for use in electrical systems, and
comprises a process for making resistances
consisting in large part of boron or a boron
compound. : ’

My invention also embraces the product so
produced. . '

The accompanying drawing illustrates
one form of resistance stick made according
to my present invention.

For many years it has been known that
boric anhydrid could be reduced with mag-
nesium to yield a compound rich in boron,
but containing magnesium as an essential
component. Moissan attempted to improve
on this process and obtain boron free from
magnesium, and to this end, decreased the
proportion of magnesium in the reaction
mixture, so that there might be no mag-
nesium in the final product. Former ex-
perimenters had used two parts boric an-
hydrid by weight to one of magnesium, and
obtained magnesium borid. Moissan used
three parts boric anhydrid to one part mag-
nesium,. and obtained after purifying his
product what he called “pure boron.” He
describes it as being a brownish powder,
practicaily non-conductive for electricity,

and vaporizable without fusion. I am con-

- vinced that this material is not pure boron,

40

45

50

55

but is in fact a boron suboxid associated
with more or less magnesium borid. This I
have established by analyses and tests, which
need not here be recited in detail. I have
found that pure boron is quite a different
material, and I have discovered how to pro-
duce it in large quantities, and I have inves-
tigated its characteristics, and have con-
ceived for it several industrial applications.

I have discovered that pure boron can be
fused, and has a negative temperature co-
efficient of a magnitude without precedent.
I find that boron, when changing in tem-
perature from room temperature to 400 de-
grees C., drops in resistance according to the
ratio of approximately two millions to one.
I know of no element or compound even ap-

proaching in magnitude this enermous
change in resistance in the interval of tem-
perature mentioned. In the present appli-
cation I have shown how this discovery may
be made useful in the arts by the construc-
tion of resistance sticks or elements in which
the temperature coeflicient is negative, and
of great magnitude, because of the prepon-
derating influence of the boron present in
the stick either in its elemental state or
combined with carbon, silicon, or another
chemical element.

. Pure boron has a relatively high ohmic
resistance, and although useful as a resist-
ance material, can be greatly improved for
many purposes by the addition of carbon.
The percentage of carbon may vary through
wide liinits, its function being to decrease
an otherwise high initial resistance while
simultaneously controlling the negative tem-
perature coeflicient.

Starting with boric anhydrid, I may re-’

duce this with magnesium in well-known
manner, and then compress the resultant
magnesium borid powder into a stick, I
next heat the stick in an Arsem vacuum
furnace of the type shown in United States
Patent No. 785,535, of March 21, 1905, where
the stick not only gives up its magnesium
but also takes up some carbon from the
vapors normally given off by the graphite
heater of the furnace when operating at a
temperature in the neighborhood of 2,000
degrees C. If the carbon taken up in this
manner is not sufficient for the purpose in
hand, enough carbon can be added to the
magnesium borid powder before the powder
is pressed into stick form. The amount of
carbon to be introduced varies with the use
to which the sticks are to be applied but
18%: carbon is as high as could ordinarily
be desired. In case of motor starting re-
sistances, a large negative temperature co-
efficient 1s desirable, and the percentage of
carbon will be small, say between a few
tenths of a per cent..and five or six per cent.
If the resistance sticks are to be used for
lightning arrester resistances, the percentage
of carbon may with advantage be as high
as ten per cent.  With these proportions the
temperature coefficient is small, while the
specific resistance is still considerable. This
method is claimed in my divisional applica-
tion, Serial No. 585,389, filed October 5,
1910, : : :
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As a modified method of building up_wtvhé_

resistance sticks, I find that I can start with
boric anhydrid and reduce with carbon, be-
ing careful that the anhydrid is in excess of
the carbon. The reduction product is then
ground, pressed into sticks and finally

sintered in an Arsem or other furnace.

As still another method of building up
the resistance sticks, I may start with a thin
rod or filament of carbon, and deposit there-
on & heavy layer of boron. This may be
done by heating the rod or filament in a

mixture of boron chlorid and hydrogen.

Sticks or rods of any desired section may be
built up in this manner, and by suitable
high heat treatment of the stick the original
carbon core will disappear as a core and be
taken up by the boron. If it is desired that
the stick shall contain more carbon than
would be furnished by the initial filament or
carbon rod, the treating gas may contain
gasolene, carbon tetrachlorid, or ~ other
volatile carbon compound decomposable to
deposit carbon on a hot body. The propor-
tions depend. upon the amount of carbon
desired. ~This method is claimed in my ap-
plication, Serial No. 585,390, filed October
5, 1910, as a division of my application,
Serial No: 524,950, filed Oct. 27, 1909.

As shown in the drawing, sticks 1 of
horon, or boron associated with carbon, can
with advantage be provided with iron ter-
minals 2, made in the shape of caps and
shrunk, fused or welded to the ends of the
stick. The sticks can be used as automatic
motor starters, according to methods now
well-known, and the self-reducing, char-
acteristics of the stick will control: auto-
matically the supply of current to the motor:
Thus, with a stick containing five per cent.

_ carbon, one ineh long and one quarter inch

square, the resistance at room temperature is
about 80-ohms, but on heating up to 800

1,019,800

degrees centigrade, the resistance progres-
sively drops to about .08 ohms. These self-
reducing resistance sticks may be used not
only as motor starters, but also as thermal
cut-outs for transformers, lamps and the
like, according to methods made known in

.connection with other materials having neg-.
"ative temperature coefficients. :

It will be understood that the resistance
material above described need not be in the
form-of a coherent stick, and can be used in
other relations where its enormous negative
temperature coefficient is of use in control-
ling the current, or in magnifying the effects
of current variatiomns, and the like. - :

What I claim as new and desire o secure

‘by Letters Patent of the United States, is:

1. A ‘resistance element = consisting of
boron associated with an appreciable quan-
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tity of carbon, and having a relatively high- -

negative temperature coefficient of resistance.
2. A self-reducing resistance element con-
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sisting mainly of boron and containing at .

least a small quantity of another element.
8. A resistance stick consisting of boron

associated with carbon in appreciable quan- -

‘tity but less than eighteen per cent.

4. A resistance element consisting essen-
tially of boron associated with about five per
cent. carbon. -

5. A resistance element, consisting of
boron associated with an appreciable quan-
tity of carbon and having a terminal of
metal fused thereto.

6. A self reducing resistance consisting of
boron associated with an appreciable quan-
tity of another element.

In witnéss whereof, I have hereunto set
this 26th day of October 1909, .

EZECHIEL WEINTRAUR.
Witnesses: .

Jomy A, McMawvus, Jr.,
Caaries A, BARNARD.

my hand
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