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This invention relates to electrical insulation without the addition of other constituents, and . 
and particularly to the electrical insulation of 
finely divided magnetic material in magnetic 
bodies, such as magnetic cores for loading coils 
and the like. 
The object of the invention is to improve the 

magnetic, electrical and mechanical character 
istics of magnetic bodies of the type employing 
magnetic material in finely divided form. 
Magnetic cores, made from finely divided mag 

netic material, so-called magnetic dust cores, are 
extensively used for the loading coils which are 
inserted in telephone lines to improve their trans 
mission characteristics. Such cores are usually 
constructed by Subjecting magnetic dust particles 
and an insulating and binding material between 
the magnetic particles to extremely high pressures 
in the neighborhood of 200,000 lbs, per square 
inch, so as to form the component materials into 

20 a substantially homogeneous mass in the desired 
core form, and to give sufficient mechanical 
strength to the completed core. The insulation 
between the magnetic particles is provided, in 
general, for the purpose 
losses in the COre. 

In the case especially where the magnetic na 
teria in a core made in the above described 

of reducing eddy current 

manner is a magnetic alloy including nickel and 
iron, it has hitherto been found desirable to sub 
ject the core to a subsequent heat treatment 
at a high temperature to remove the strains in 
troduced in the magnetic material by the press 
ing operation, which tend to impair the magnetic 
properties of the magnetic alloy in the core. It is 
desirable, therefore, that the insulating material. 
used in the core be such as will bind the magnetic 
materials firmly together, and such as will with 
stand without deterioration thehighpressures and 
temperatures to which it will be subjected during 
the construction of the core. It is desirable also 
that the insulating material in the core be such 
as will not deteriorate under the conditions to 
which the loading coils are subjected in service. 

45 
In accordance with the invention it has been 

found that magnetic cores having extremely 
good magnetic, electrical and mechanical charac 
teristics may be produced by use of insulating 

milk of magnesia and sodium silicate." 
TOther objects and the advantages of the inven 
tion will become apparent from the following de 
tailed description thereof. 
In practicing the present invention, the mag 

netic material is preferably prepared from a brit- netic dust materials used may vary somewhat r 
with or from these values depending upon the fineness of 110 iron, tle alloy containing - nickel and 

and binding material comprising colloidal clay, 

(C. 15-21) 

commonly known as "permalloy.' The alloy 
may be prepared in the manner"tescribed in 
Patent No. 1,669,649 issued May 15, 1928 to C. P. 
Beath and H. M. E. Heinicke, wherein approxi 
mately 81 parts of nickel and 19 parts of iron. 
and other magnetic materials are melted to 
gether in an oxidizing atmosphere and the re 
sulting alloy poured into a mold. The alloy thus 
prepared is rolled while still hot into relatively 
thin slabs which are quenched rapidly in Water 
to produce a fine crystalline structure which is 
desirable since the disintegration of the material 
takes place at the crystal boundaries and conse 
quently the smaller the size of the crystal the 
finer the dust which can be produced therefron. 
The slabs of alloy material so produced are then 
broken into short pieces and the pieces reduced 
to more finely divided form in any suitable man 
ner, for example, by crushing in a rock crusher, 
hammer mill or other suitable apparatus, after 
which the crushed material is reduced to dust in 
an attrition or ball mill. The resulting dust is 
then sifted and the portion passing through a 120 
mesh sieve is suitable for use as core material. . 
That portion which will not pass through the 
120 mesh sieve is returned to the ball or attrition 
mill for further rolling or grinding, this process 
being repeated until a sufficient quantity of the 
very fine dust is obtained. Prior to the addition 
of the insulating material, the finely divided par- . 
ticles of the alloy so obtained are annealed in a 
closed container at a temperature of aproxi 
mately 885 degrees C. The annealed dust is re 
moved from the container in the form of a cake 
which is reduced to a powder of suitable fine 
ness by crushing and grinding or rolling, and sift 
ing through a 120 mesh sieve. The annealed dust 
is then insulated with the insulating material of 
the invention in the manner described below. 
A typical insulation in accordance with the in 

sulating material of the invention in the manner 
described below. . . 
A typical in accordance with the 

invention would have the following weights of in 
sulating material per 100 grams of magnetic dust 
material: : 

Col clay------------------. 0.77 
in Silicate-------------------sea-orae 0.64 
of magnesia----------- ------------- 2.11 

The relative proportions of insulating and mag 
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the dust, the kind of magnetic material used 
therein and the final core characteristics desired. 
Experiments indicate that for the best results in 
the production of COres for loading coils for low 

5 frequency telephone circuits, the amounts of the 
component insulating, materials would be with 
in the following limits: Coloidal clay 0, to 1. 
grams, sodi silicate, 0.1 to 1.3 grams and milk 
of magnesia, 0.25 to 63 grams per 100 grams of approximately 200,000 pounds per square inch. magnetic dist. 

E. applying the insulation, the colloidal clay 
is first preferably mixed with magnetic dust 
either dry or in a water suspension. The milk 
of magnesia is added to the mixture in a water 
suspension formed by diluting the commercial 
product which comprises 32 to 40 grains of mag 
nesium hydroxide, Mg (OH)2, per fluid Ounce. A 
50 per cent solution of sodium silicate preferably 
having a silicate to Soda ratio of about 1.6 al 
though other ratios have been found to give good 
results also, is added to the mixture in a dilute 
water solution. The additional water is provided 
to insure complete mixing. Usually about 20 cc 
of liquid per 100 grams of dust is sufficient. The 
mixture is then evaporated to a condition of 
complete dryness" with constant stirring to pre 
vent caking and to insure a thorough coating of 
the individual dust particles. To obtain Com 
plete drying of the magnetic material, it may be 
desirable to apply heat thereto at a temperature 
of 120° C. or higher for a short time. 
The insulation may be applied all at one time 

dir in stages, so as to obtain several layers of the 
same insulating materials. On the magnetic par 
ticles, in the manner disclosed, for example, in 
the patent to Lathrop 1,857,201, issued May 10, 
1932. Three stages of insulation have been found 
to give very good results. 
A variation of the multiple-coat method of in sulating disclosed in the Lathrop patenthas been 

found to be particularly suitable with the colloidal 
clay-milk of magnesia-sodium silicate insula 
tion. According to this variation, One half of the 

dilute water suspension and the remaining 0.21 
gram of sodium silicate in dilute water Solution 
are added to the mixture and the whole evapo 
rated to dryness to form the third layer of in 
sulation on the magnetic particles. 8. 
The magnetic dust particles insulated in the 

above described manner are then mixed with 0.38 
gram of colloidal clay, placed in a mould and 
compressed into core parts under a pressure of 

8. 
The core parts are then transferred to an an 
nealing furnace where they are annealed at a 
high temperature preferably in hydrogen or in 
an inert atmosphere to relieve the internal 
stresses set up in the material by the pressing gi 
operation, thereby producing a core having low 
hysteresis loss. Where the annealing heat treat 
ment is carried out in air, the core parts are 
preferably subjected to a temperature of approxi 
mately 500 C. for about 45 minutes. When the g. 
annealing heat treatment is carried out in hy 
drogen which enables higher annealing tempera 
tures to be used, the core parts are preferably 
subjected to a temperature of approximately 
650 C. for about 60 minutes. The usual loading 10 
coil toroidal windings are wound on the single 
core parts thus produced or on a plurality of said 
core parts stacked coaxially. The number of COre 
parts used in a given core will depend upon the 
existing electrical characteristics of the telephone 1 
circuit with which the loading coils are to be 
associated. 
A large number of core parts made by the above 

described methods and in which the magnetic 
material is an alloy containing approximately 11 
81 per cent nickel, 17 per cent iron and 2 per 
cent molybdenum were tested by Well known 
methods and found to have permeabilities rang 
ing from 120 to 160 and sufficiently low hysteresis 
and eddy current losses as to be satisfactory for 1 
use as cores in coils for loading voice frequency 
telephone circuits. 
The colloidal clay-milk of magnesia-sodium 

total amount of colloidal clay and all of the milk silicate insulation of the invention is also suit 
of magnesia and sodium silicate is used for 
applying the insulating coatings to the magnetic 
dust particles by the multiple-coat method, and 
then the coated magnetic particles are mixed with 
the remaining half of the colloidal clay and the 
mixture compressed to form the core part. For 
example, where the insulating coatings are ap 
plied in three stages and the proportions of the 
insulating material are as given above, the pro 
cedure is as follows: - . With every 100 grams of magnetic dust par 
ticles, 0.13 gram of colloidal clay, dry or in a 
water suspension, is first mixed; then 0.70 gram, 
of the milk of magnesia in dilute Water sus 
pension and 0.21 gram of sodium silicate in di 
lute. Water solution are added to the mixture. 
The resulting mixture is then evaporated to a 
condition of complete dryness with constants fing to apply the first insulating coating to the 
magnetic dust particles. The coated magnetic 
particles are then mixed with an additional 0.13 
gram of colloidal clay, an additional 0.70 gram 
of milk of magnesia in a dilute water, suspension 
and an additional 0.21 gram of sodium silicate in 
a dilute water solution are added thereto and 
the whole evaporated again to dryness with con 
stant stirring to form the second layer of in 
sulation on the magnetic dust particles. Then 
the resulting coated magnetic dust particles are 
mixed with 0.13 gram of colloidal clay, the re 

able for use in EE dust cores for coils em- 12 ployed for transmitting higher frequency signal 
currents, for example, carrier frequency and 
radio frequency signal currents. As the pro 
portions and kinds of magnetic metals used in 
the magnetic alloy dust, the fineness of the dust 1. 
and the pressures and the temperatures of the 
annealing heat treatments in the process for pro 
ducing such cores may be different from those 
used in the case of cores for low frequency coils, 
different amounts and relative proportions of the 1: 
constituent materials in the insulation than those 
specified above may be required for the best 
results. 

It is to be understood that the invention is not 
limited to the particular magnetic materials and 1: 
the specific proportions of the magnetic and in 
sulating materials, above mentioned, which were 
given by way of example only, but that it is of 
a generic nature applicable to all magnetic ma 
terials and to various proportions of the con-1 
stituent insulating materials. It is to be under 
stood also that the method of applying the in 
sulating material may be varied somewhat from 
that described above without departing from the 
spirit of the invention which is limited only with 
in the scope of the appended claims. 
What is claimed is: 1. A magnetic body comprising finely divided 

particles of a magnetic material and insulation 
75 maining 0.70 gram of milk of magnesia in a between the particles produced by mixing the 1 
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magnetic particles with colloidal clay, milk of 
magnesia and sodium silicate in a volatile liquid 
and evaporating the mixture to dryness. 

2. A magnetic body comprising finely divided 
particles of a magnetic alloy including nickel 
and iron and insulation between the alloy par 
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ticles produced by mixing with the alloy par 
ticles colloidal clay, milk of magnesia and sodium 
silicate in water and evaporating the mixture to 
dryness, the whole compressed into a substan 
tially homogeneous solid, and thereafter heat 
treated at a high temperature to improve the 
magnetic characteristics of the alloy. 

3. A magnetic body comprising finely divided 
particles of a magnetic alloy comprising approxi 
mately 8 per cent nickel, 17 per cent iron and 
2 per cent molybdenum, and insulation between 
the alloy particles formed by mixing with said 
alloy particles and water approximately 0.77 
gram of colloidal clay, 2.11 grams of commercial 
milk of magnesia and 0.64 gram of a 50 per cent 
solution of sodium silicate for each 100 grams of 
alloy particles, and evaporating the mixture to 
dryness, the whole compressed into a substantial 
ly homogeneous solid and subsequently annealed 
in an inert gas at a temperature of approximately 
650 C, for about sixty minutes. 

4. The process of making a magnetic body 
which consists in mixing finely divided magnetic 
material with colloidal clay, milk of magnesia 
and sodium silicate in a volatile liquid, evaporat 
ing the mixture to dryness to form insulating 
coatings on the magnetic particles, subjecting a 
mass of the insulating particles to high pressure 
to form it into a substantially homogeneous solid 
in the desired shape, and then heat treating the 
solid to improve the magnetic properties of the 
magnetic material therein. 

5. The process of making a magnetic body 
which consists in first mixing finely divided mag 
netic material with colloidal clay, mixing the 
resultant mixture with milk of magnesia and 
sodium silicate in a volatile liquid, evaporating 
the whole to dryness while stirring to form in 
sulating coatings on the magnetic particles, sub 
jecting a mass of the insulated particles to high 
pressure in a mold to produce a substantially 
homogeneous solid in the desired form, and heat 
treating the solid to improve the magnetic prop 
erties of the magnetic material therein, 

6. The process of making a magnetic body 
having high permeability and low hysteresis and 
eddy current losses which consists in mixing with 
each 100 grams of finely divided particles of a 
magnetic alloy comprising approximately 81 per 
cent nickel and 19 per cent other magnetic ma 
terial, principally iron, approximately 0.38 gram 
of colloidal clay, 2.11 grams commercial milk of 
magnesia and 0.64 gram of a 50 per cent solu 
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tion of sodium silicate having a silicate to soda ratio of approximately 1.6, evaporating the mix 
ture to dryness while stirring to produce insu 
lating coatings on the individual magnetic par 
ticles, mixing the coated particles with approxi 
mately 0.38 gram of colloidal clay for each 100 
grams of alloy, compressing the resulting mix 
ture to form the component materials into a sub 
stantially homogeneous solid and subsequently 
heat treating said solid in an inert gas at a tem 
perature of approximately 650 C. for about one . 
hour to improve the magnetic characteristics for 
the alloy material therein. 

7. The process of making a mechanically strong 
magnetic body having high permeability and low 
hysteresis and eddy current losses which consists 
in mixing with each 100 grams of finely divided 
magnetic alloy comprising approximately 81 per 
cent nickel, 17 per cent iron and 2 per cent mo 
lybdenum, approximately 0.13 gram of colloidal 
clay, 0.70 grams of commercial milk of magnesia 
and 0.21 gram of a 50 per cent water solution 
of sodium silicate in a volatile liquid and evapo 
rating the mixture to dryness while stirring to 
form a first insulating coating on the magnetic 10 particles, repeating this insulating process to pro 
duce on the insulated magnetic particles, a sec 
ond and a third insulating coating each compris 
ing the same kind and amount of insulating ma 
terials as in the first coating, then mixing the 10 insulated magnetic particles with approximately 
0.39 gram of colloidal clay, subjecting a mass 
of the resulting mixture in a mold to a high 
pressure in the neighborhood of 200,000 pounds 
per square inch to form the component materials 11) 
into a substantially homogeneous solid in the 
desired form and subjecting said solid to an an 
nealing heat treatment in an inert gas at a ten 
perature of approximately 650 C. for about sixty 
minutes to improve the magnetic characteristics 11 
of the magnetic alloy material therein. 

8. A magnetic core comprising finely divided 
particles of a magnetic alloy comprising approxi 
mately 81 per cent nickel and 19 per cent other 
magnetic metals principally iron, and insulation 
between the particles formed by mixing with said 
alloy particles and water from 0.1 to 1.1 grams 
colloidal clay, from 0.1 to 1.3 grams of a 50 per 
cent solution of sodium silicate having a silicate 
to soda ratio of approximately 1.6, and from 0.25 
to 6.3 grams of commercial milk of magnesia 
for each 100 grams of alloy particles, and evapo 
rating, the mixture to dryness, the whole com 
pressed into a substantially homogeneous solid 
and subsequently annealed at a high temperature 
to improve the magnetic characteristics of the 
alloy naaterial therein. 
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