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This invention relates to magnetic mate-
rials and magnet cores, and more especially
to magnet cores for loading coils for tele-
bhone circuits and their method of produc-
tion.

The principal object of the invention is
the production of a magnetic element hav-

- Ing low losses and a relatively high per-
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meability to enable a given inductance to be
obtained from a minimum amount of mate-
rial and possessing to a high degree those
electrical and magnetic characteristics which

make it highly desirable in electrical sig-"

naling apparatus, particularly in loading
coils for telephone cireuits,

In accordance with one embodiment, the
Present invention contemplates the construc-
tion of magnet cores of an alloy including
nickel and-iron in finely divided form, com-
bined with a suitable insulating material
and heat treated to have a higher inherent
magnetic permeability and lower inherent
hysteresis loss than iron.. More specifically,
the invention contemplates the formation
of the magnet cores of a nickel iron alloy
in finely divided form in which the pro-
portions of its constituents are more than
25% of nickel and the remainder principally
iron, and in a form which has proven satis-
factory the nickel content being approxi-
mately 78149 of the whole. The metal par-
ticles are treated with a mixture of a flux,
such as boric acid and kaolin in colloidal
suspension, whereby the alloy particles are
individually insulated after which they are
compressed into cores of the desired shape
and size. The cores are then impregnated
with a solution of zine hydroxide, are heat-
ed to expel moisture and finally are heat
treated to the optimum temperature for the
particular alloy of which the cores are con-
structed to stabilize the insulator and to
give the required permeability, low hystere-
sis losses and high specific resistance, hence,
ow eddy currént losses of the rings. .

It is believed that the invention will be
clearly understood from the following de-
tailed description of one embodiment there-
of and from the accompanying drawing, in
which , :

Fig. 1is a perspective view of a section
of a loading coil core made in accordance
with the present invention, and

. Fig. 2 shows a plurality of .these sec-
tions assembled to form a completed core,
It will be understood, however, that this
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is merely illustrative and the invention is -

not limited to the production of this form
of core but is adapted to the production. of
cores of magnetic particles of many forms.
In carrying out the present invention, the
magnetic material is brepared in the fol-
lowing manner: The magnetic material em-
ployed is preferably prepared from a nickel
Iron alloy commonly referred to as “perm-
alloy” which is treated in 2 manner more
fully described “in the copending applica-
tion of C. P. Beath and H M E. Heinicke,
Serial No. 101,179, filed April 10, 1926, to
reduce the alloy to g finely divided form.,
Experience has proven that where low eddy
current losses are desired it is esséntial that
the particles be of small size and preferably
of such size that all of the particles will
readily pass through what “is generally
known as a 120 mesh screen and a large
bercentage pass through a 200 mesh screen.
According to one embodiment of the inven-

tion, the alloy is prepared by melting ap- -

proximately 7814 parts of nickel and 2114
parts of iron in an oxidizing atmosphere
and pouring the resulting alloy into a mold.

en prepared according to the foregoing
process, the resulting alloy will. be exceed-
mgly brittle and’ is therefore particularly
adapted to be reduced to g finely divided or

dust form from which the finished cores are -

molded.

After the brittle ingots are obtained they
are successively passed while hot through
progressively reducing rolls which form the
alloy into ‘flat slabs approximately one-
quarter of an inch thick. By the hot rolling

process the size of the crystalline structureis-

materially reduced, which since the disin-
tegration of the material takes place main-
ly at the crystal boundaries, is essentia] in
order to have a satisfactory yield of dust.
The rolled slabs are broken into short pieces
and are then crushed in g2 jaw crusher,
hammer mill, or any other suitable type of
apparatus in which a further reduction oc-
curs. The material after being passed
through the jaw crusher is subsequently
rolled in a ball mill until it is reduced to a
fine dust. The dust is sieved through a 1920
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mesh sieve and any residue is remelted and
the foregoing operation is repeated to again
reduce the material to a finely divided form.
Prior to the addition of the insulating ma-
terial, the finely divided particles of the
nickel iron alloy are annealed in a closed
container at a temperature of approximate-
ly 750° C. to 980° C., the temperature of
about 925° C. having proven to be one which
produces very satisfactory results. It is then
necessary to again reduce the annealed alloy
which is now in the form of a cake to a fine-
ly divided form, after which it is mixed
with the insulator.

According to one form of the invention,
the insulator for the dust particles is pre-

ared by mixing the ingredients in the fol-
fowing manner: One part of kaolin is thor-
in three parts by weight of
water by heating to approximately 95° C.
and stirring thoroughly until it forms a thin
homogeneous colloigal mass. To this is add-
ed a quantity of a flux such as boric acid
equal to four per cent by weight of kaolin to
lower the fusion temperatureand to increase
the adhesive quality of the kaolin, the boric
acid preferably being dissolved In the hot
distilled water in which the kaolin is mixed.
The powdered permalloy dust is added to
this mixture, the amount of dust being de-
termined by the permeability desired and
the particular use to which the finished cores
are to be put. The dust is thoroughly mixed
with the kaolin solution by thoroughly stir-
g by hand or by rolling in a revolving
drum, the temperature of this mixture being
maintained at about 100° C. until all of the
mechanically held water is removed. The

. dried -insulated dust particles are then in a
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form suitable for pressing into cores or rings
which are preferably formed with a pressure
of approximately 200,000 pounds per square
inch. A high pressure is used in forming
the rings in order to increase their density,
since it has been found that the permeability
of the rings increases with increased density.

The pressed rings are impregnated in a
solution of zine hydroxide containing an ex-
cess of ammonia for a period of from two
to six minutes, depending on the size of the
core, in order to allow the insulator to redis-
tribute itself around the individual dust par-

. ticles. The zine hydroxide thus added de-
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composes at the high temperature of the sub-

sequent annealing process and forms an
oxide coating on the particles. The rings are
then dried in the open at 100° C. for several
hours to remove the hygroscopically held
water and ammonia, -after which they are
placed in an oven and heated at approxi-
mately 290° C. for several hours, to reduce
the amount of chemically combined water.
After the rings ave dried, they are annealed
preferably in closed pots at the “optimum
annesling temperature of approximately
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675° C. to partly fuse the kaolin and to give
the rings the greatest permeability ossible
consistent with low core losses, A few test
rings may be made of dust insulated in the
above manner and their permeability meas-
ured. Should their permeability be too low,
it may be increased by the addition of a pre-
determined amount of uninsulated dust or
dust which has a light coating of insulation
to the insulated dust before it is pressed
into rings. ,

A plurality of rings thus formed are
stacked coaxially to form a core on which
the usual toroidal winding is applied, the
number of such rings used depending upon
the existing electrical characteristics of the
telephone circuit with which the loading
coils are to be associated. ‘

Although the permalloy
beer. described as being insulated with a so-
Tution of boric acid“and colloidal kaolin in
definite proportions, it is of course to be un-
derstood that the proportions of the ingredi-
ents may be varied without departing from
the spirit and scope of the invention. Also
other flux materials, such as borax, common
salt or magnesium sulphate may be substi-
tuted for the boric acid to lower the fusion
temperature of the kaolin. .

By using an alloy of the proportions
stated in the preceding paragraphs and by

following the foregoing method of insulat-
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ing the individual alloy particles and com-

pressing the particles into cores or rings,
magnet cores or rings are produced which
have extremely desirable electrical charaec-
teristics with 2 minimum amount of material
employed. By the use of such cores or rings,
inductance units having a higher permeabil-
ity with equal or less hysteresis and eddy
current losses as cores constructed according
to previously known methods, but with much
less core volume and much less coil volume,
-are available. :

What is claimed is:

1. As a new article of manufacture, a
magnetic substance composed of particles of
a magnetic material, and an insulating mate-
rial consisting of kaolin and a flux separat-
ing the particles.

9. As a new article of manufacture, a
magnetic substance composed of particles of
a magnetic material, and an insulating
material consisting of one part kaolin and
4/100 parts boric acid separating the par-
ticles. '

3. As a new article of manufacture, a
magnetic substance composed of particles of
a magnetic alloy of nickel and iron, and an
insulating material consisting of kaolin and
boric acid separating the particles.

4. As a new article of manufacture, a
magnetic substance composed of finely di-
vided particles of an alloy of nickel and
iron, and an insulating material consisting
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of 1 part kaolin and 4/100 parts boric acid
separating the particles. ’

5. As a new article of manufacture, a
magnetic substance composed of finely di-
vided particles of a magnetic alloy composed
of more than 25% nickel and the remainder

- principally iron, and an insulating material
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consisting of kaolin and boric acid separat-
ing the particles. o

a new article of manufacture, a
magnetic substance composed of finely di-
vided particles of a magnetic alloy composed
of more than 25% nickel and the remainder
principally iron, and an insulating material

consisting of 1 part kaolin and 4,100 parts.

boric acid separating the particles.

7. The method of making magnetic struc-
tures, which consists in coating particles of
2 magnetic material with an insulatin
material, consisting of kaolin and boric

acid,
and forming a mass of

such insulated par-

ticles into a homogeneous solid.

8. The method of making magnetic struc-
tures composed of an alloy, which consists
in reducing the alloy to finely divided par-
ticles, coating the particles with an insalat.
ing material of kaolin and boric acid, and
forming a mass of such insulated particles
into a homogeneous solid.

9. The method of making magnetic struc-
tures composed of an alloy, which consists in
reducing the alloy to finely ‘divided par-

© ticles, heating the particles, again reducing
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the product so obtained to finely divided par-
ticles, coating the particles with an insulat-
ing material comprising kaolin and boric
acid, and forming a mass of such insulated
particles into a homogeneous solid.

10. The method of making magnetic struc-
tures composed of an alloy, which consists
in reducing the alloy to finely divided par-
ticles, heat treating the particles, reducing
the product so obtained to finely divided
particles, coating the heat-treated particles
with an insulating material comprising kao-
lin and boric acid, forming a mass of such
insulated particles into a homogeneous struc-
ture, drying the structure and heating it to
a high temperature to Improve its magnetic
properties. '

11. The method of making magnetic struc-
tures composed of a nickel iron alloy, which
consists in reducing the alloy to finely di-
vided particles, heat treating the parficles,
reducing the product so obtained to finely
divided particles, coating the heat-treated
particles” with an insulating material com-
prising substantially 1 part kaolin and 4/100
parts boric acid, and forming a mass of such
insulated particles into a homogeneous struc-
ture. :

12. The method of making magnetic strue-
tures composed of an alloy of more than
256% nickel and the remainder principally

3

iron, ‘Wh.iC}'l consists in redﬁcing the alloy to
finely  divided particles, heat treating the
Particles, reducing the product so obtained

to finely divided particles, coating the heat-

treated particles with an insulating material
comprising kaolin and boric acid, and form-
g a mass of such insulated particles into a
homogencous structure, ‘

13. The method of making magnetic struc-

‘tures composed of an alloy of more than

25% nickel and the remainder principally
Iron, which consists in reducing the alloy
to finely divided particles, heat treating the
particles, reducing the product so obtained
to finely divided particles, coating the heat-
treated particles with an insulating material
comprising kaolin and boric acid, forming a
mass of such insulated particles into a. ho-

and subjecting it to
temperature,

14. The method of
tures composed of
25% nickel and the remainder principally
iron, which consists in reducing the alloy
to finely divided particles, heat treating the
particles, reducing the product so obtained
to finely divided particles, coating the heat-
treated particles with an insulating material
comprising substantially 1 part kaolin, and
4/100 parts boric acid, forming a mass of
such insulated particles into a homo eneous
structure, drying the structure, and heating
it to a high temperature to improve its mag-
netic properties. .

15. The method of making magnetic struc-
tures, which consists in treating particles of
a magnetic alloy with a solution of zinc hy-
droxide so as to form an oxide coating on
the particles, :

16. The method of making magnetic struc-
tures, which consists in treating particles
of a magnetic alloy with a solution of zine
hydroxide, heating the particles so treated
to a high temperature to decompose the zinc
hydroxide and form an oxide coating on the
particles,

17. The method of making magnetic struc-
tures composed of finely divided particles
of a nickel iron alloy, which consists in
treating the particles” with g solution of
boric acid and kaolin, forming the particles
into rings, impregnating the rings with a
solution of zine hydroxide, and decompos-
ing the zinc hydroxide to form an oxide
coating on the particles,

eat treatment at a high

making magnetic strue-

18. The method of making magnetic struc-

tures from finely divided magnetic material,
comprising coating the individual particles
with an insulating material which retains
its insulating properties at temperatures up
to at least 800° C,, compressing the insulated

particles into a homogeneous solid, and

‘thereafter heating said solid to a tempera-
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ture between 450° C. and 800° C. and cool-
ing, to restore the magnetic properties lost in
the pressing operation.

19. The method of making magnetic struc-
tures from magnetic material in a finely di-
vided form, which consists in heat treating
the particles of magnetic material at a high
coating the particles with an
insulator which retains its insulating prop-
erties at high temperatures, compressing the
coated particles’ into a homogeneous solid,
and thereafter heat treating the particles at
a temperature to impart thereto the desired
magnetic properties.:

90. The method of making magnetic struc-
tures from a magnetic material of nickel and
iron in a finely divided form, which consists
in heat treating the particles at a high
temperature to prepare them for subsequent
operations, coating the particles with an
insulating material, and compressing the
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coated particles into a homdgeneous solid.
91. The method of making magnetic strue-
tures from a magnetic material of mnickel

and iron in a finely divided form, which.

consists in heat treating the particles at a
temperature approximately 750° C. to 980°

_C. to prepare them for subsequent opera-

tions, coating the particles with an insulat-
ing material, and compressing the coated
particles into a homogeneous solid.

99. The method of making magnetic struc-
tures from a magnetic material in a finely
divided form, which consists in coating the
particles with an insulator, adding thereto
uninsnlated particles to. control the resulting

permeability, and compressing the mass into-

a homogeneous colid. )
In witness whereof, I hereunto subscribe
my name this 1 day of April A.'D., 1926.

ADOLPH FRANCIS BANDUR.
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