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cores in which small insulated particles of mag 
S. netic material are compressed into a body, 

: - of improved methods for producing insulated dust 
...type magnetic cores having substantial mechan 

... ical strength and magnetic properties established 
10. within desired limits. . . . . 

. . . In the manufacture of insulated dust mag 
netic cores it is customary to pulverize a mag 
netic metal or alloy into small particles, coat 

... 1 s the particles with a combination insulation and 
... a body at high pressure. Cores of this type are 

i used in a variety of apparatus and different core 

service. The effective permeability of the core 
is nearly always important and in many instances 
it is desirable to produce cores having an effec 

. . . .tive permeability rating established accurately 
within predetermined and narrow limits. The 
effective permeability of these cores is influenced 
by the spacing of the particles, other factors 
being equal, and in some cases the permeability 
can be regulated by incorporating a particle 

... spacing agent or filler in the core. These fillers 
should be chemically inert, non-metallic and non 

... 30 magnetic. . . . . . . . . . . . . . . . 
Kaolin and colloidal clay are generally suit 

able for this purpose. These materials can be 
incorporated in the core by dry mixing them 

; with the coated particles and then pressing the 
mixture in the usual manner, provided that the 
magnetic particles are relatively coarse and that 
the proportion of filler is small. However, this 
procedure is not suitable when very small mag 
netic particles, such as 300 or 400 mesh or smaller, 
or a large proportion of filler are used for the 
cores. Under either of these conditions a dry 
mixture of particles and kaolin or colloidal clay 
is very fluffy, and difficult to handle without the 
loss of some of the filler material and conse 
quent disruption of the proper ingredient pro 
portion balance. When attempts are made to 
press the dry mixture in a die cavity, the fluffy 
material tends to blow past the forming men 
ber before any compacting is accomplished. Also, 
the spacing material tends to segregate, with 
the result that the magnetic properties of the 
core are not uniform and soft spots are formed 
by the accumulated filler. These soft spots are 
deficient in mechanical strength and usually pro 
duce cracks in the core during the pressing or 
assembly operations. , 

In accordance with one embodiment of the 
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particles smaller than 400 mesh in size can be 
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This invention relates to the manufacture of magnetic cores, and more particularly to the , , 

manufacture of insulated dust type magnetic 
coated with a primary insulation bit CO 
prising a magnesium hydroxide, sodium silicate 
and talc. The coated particles are then com ... An object of this invention is the provision 

added thereto. 

binder, and then form the coated particles into 

properties are required for different fields of . 

present invention, a core containing magnetic 

so produced with a high degree of mechanical 
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6, 1940, 

strength and a uniform effective permeability 
rating accurately established, at predetermined 
values. The small magnetic particles are first 

2 

bined with drykaolin and coloidal clay in an 
enclosed mixing apparatus and stirred for a 
definite period, after which a solution of sodium 
silicate and magnesium hydroxide in Water is 

The resultant naSS is stirred 
until it forms into small balls or spheres, which are heat treated, plverized into relatively coarse particles and finally compressed into the core 
structure. The resultant core is strong, free 
from cracks, and has uniform properties 
throughout, due to the distribution and treat 
ment of the spacing agent in the core body. 
. This procedure is suitable for making high 
quality cores from a variety of magnetic ma-. 
terials and can be adapted to the manufacture 
of cores from various metals and alloys. The 
invention is particularly adapted for use with 
nickel-iron, alloys of the permalloy type and the 
following detailed description is directed primar 
ily to the production of cores from this type of 
alloy. 
The magnetic particles used in these cores can 

be prepared by any suitable method. One proc 
ess for producing nickel-iron magnetic alloy par 
ticles is fully described in Patent 1,669,649, issued 
May 15, 1928 to C. P. Beath" and H. M. E. 
Heincke. 
In manufacturing the particles into cores, the 

particles are initially provided with a primary 
insulating coating. This coating and its appli 
cation is disclosed in my Patent No. 2,105,070, 
which issued January 11, 1938. As stated in that 
patent, this coating comprises magnesium hy 
droxide (milio magnesia), sodium silicate, and talc and is preferably applied in several layers. 
For the first layer a solution is made of water, 
magnesium hydroxide and sodium silicate. The 
magnetic particles are thoroughly mixed with 
this solution, after which the coated particles are 
heated to a temperature between 275 F. and 
300 F. to evaporate the water and form an 
initial set in the insulating material so that it 
will not be redissolved in the application of sub 
sequent coatings. The second layer is applied 
by immersing the particles in a similar solution 
to which talc has been added. The particles are 
then again heated and two additional layers may 
be applied in the same manner, making a total 
of four layers in all. The ingredient proportions 
are modified for the various coatings, as ex 
plained in the patent, and the amount of insu 
lating material is adjusted in accordance with 
the fineness of the particles and resultant par 
ticle surface area to be covered. 
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2 - 2,230,228 
In the second process step the coated particles, and 13.5% of the particle weight when 20% filler 

are dry mixed with a filler or particle spacing is used. V 
agent. As stated above kaolin and colloidal clay The Solution is poured over the dry mixture in 
are suitable for this purpose, arid a mixture con- the tumbling barrel and time is allowed for the 

5 taining about equal parts of the kaolin and col- solution to become absorbed. The barrel is then 5 
loidal clay gives excellent results. The quantity rotated and the wet mass is worked with a scrap 
of mixture to be added depends upon the perme- ing tool. As the tumbling or mixing progresses, 
ability desired in the completed core and must the wet mass forfns into bodies or spheres of in 
be carefully measured. In general, the quantity creasing size. After about ten minutes of tum 

10 of kaolin-clay may be equal to from 4% to 20% bling, these spheres or balls attain a diameter 10 
of the total weight of the coated magnetic par- around one inch and they are then removed from 
ticles, the core permeability being reduced as the the barrel. 
quantity of filler is increased. In the next operation, the spheres are placed in . 
In the dry, mixing operation, the particles, a ventilated oven while wet and then heat treated 

15 kaolin and colloidal clay are placed in a closed therein. The spheres are first heated at a tem- 15 
tumbling barrel of the usual type and tumbled perature between 140 F. and 160 F. for about 
until the materials are thoroughly commingled. two hours and ther, without intérmediate cooling, 

. A tumbling, period of about ten minutes, with the they are heated at a temperature of between 175 
barrel closed, is usually adequate, but the oper- F. and 195F. for an additional period of about 

20 ation should be continued until a portion of the two hours. In one satisfactory process the 20 
kaolin-clay mixture is coated on the particles spheres are heated at around 150 F. for about 
and the remainder is dispersed throughout the two hours and then heated at around 186 F. for 
particle maSS, about two hours. At the end of this heat treat 

In the third process step a solution is added to ment the spheres are dry and hard and they can 
25 and combined with the mixture Of particles and be stored, preferably in covered containers, in this 25 

spacing agent. This solution is made by dissolv- condition for an indefinite period. 
ing sodium silicate and magnesium hydroxide in In the next operation, the heat treated spheres 
distilled Water, The exact quantity and propor- are ground or pulverized by means of any suit 
tions of these ingredients will depend largely able apparatus, into relatively coarse particles. 

30 upon the nature and the quantity of particle The grinding is continued only until the particles 30 
spacing agent present. In making cores of 400 will pass through an 80 mesh screen and it is 
mesh dust containing a quantity of 50-50 kaolin - desirable for as many of the particles as possible 
clay equal to 4% of the dust weight, good results to approximate this maximum size. 
were obtained with the following solution: The particles are next pressed into core 

35 bodies by the usual methods. If this operation 35 
ww. i- the coarse particles are placed in a die cavity and 

then compressed by means of a member which is 
Sodium meat.............." "is forced into the cavity. Very high pressures, 
Magnesium hydroxide--------------------- 1.25 around 250,000 pounds per square inch of form 

'Distilled water--------------------- aw as a on a so ing member surface, are employed to compress 40 the member into a unitary body of desired con 
Total.------------------------------ 550 figuration. With the above described process a high per 

In one type of core the filler weight is equal to centage of particle spacing agent can be incor 
45 6% of the particle weight and the following solu- porated effectively in the core to provide wide s 

tion is employed in that construction: flexibility in adjustment of core permeability. 
The magnetic properties of the core are uniforn 

wily i- because the spacing agent is dispersed uniformly 
particle weight throughout the core structure. All of the spac 

50 ing agent can be incorporated efficiently and ef- 50 
Eii.I.I.I.I.I.I.I. the consequently her. 

Distilled water --------------------------- 35 meability values of the core can be controlled within narrow limits. The coarse particles pro 
Total.------------------------------ 6.7 duced from the spheres bond readily in the press 55 ing operation and the resultant cores have high 55 

For cores made of 400 mesh dust and a 50-50 mechanical strength to withstand the handling 
kaolin-clay filler equal to 20% of the total part- and stresses to which they are subsequently sub 
cle weight the following solution is employed: jected. Because segregation of the spacing agent 

is prevented, the formation of soft spots and the 
60 way: i- tendency for the cores to crack is avoided. 80 

particle weight Although the above description covers a spe 
sodium silicate--------------------------- so clific embodiment of the invention that is adapted 
Magnesium hydroxide--------------------- so to one type of core structure, these procedures 
Distilled water--------------------------- 3.50 be used in making cores of various magnetic 05 metals and alloys and modifications of these 

Total.---------------- Hour- 13.50 methods are feasible. In place of the kaolin-col 
a loidal clay combination other naterials that are 

The proper quantitles of sodium silicate and chemically inert, non-metalc and non-magnetic 
magnesium hydroxide to be used with other pro- tanbe’employee as E. if they do not intro 

0 portions of filler can be determined by inter- duce a factor that éeterious to core quality. 70 
polation of the ranges given in the above tables. The kaolin and clay gives good results partly be 
The quantity of water remains constant and the cause of the particle size distribution resulting 
other ingredient proportions are varied with the from this combination and any substituted ma 
filler content. Thus, the solution weight will be terial should preferably have a similar particle 

75 5.5% of the particle weight when 4% alier is used.' size range. For the solution that is added to the is 
. . 
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as a 

particle-filler mixture it. is possible to use other to the dry mixture a solution comprising water, 
metallic hydrates, such as hydrates of bismuth, 
aluminum, zinc and cadmium, in place o e 
magnesium compound. Also, other alkali metal 

5 silicates, such as potassium silicate, can be sub 
stituted for the sodium scate. . . . 
While the use of the specifically disclosed ma 

terials is preferred, certain modifications can be 
made therein with satisfactory results, and it is . 

10 to be understood that the invention is limited 
only by the Scope of the appended claims. 
What is claimed is: 1. In a method of making a magnetic core, 

the steps" of coating finely divided particles of 
15 magnetic material with insulation, dry mixing a 

measured quantity of the coated particles and 
an agent for separating the particles, adding a 
liquid solution of a metallic hydrate and a sili 
cate to the commingled particles and separating 

20 agent, mechanically mixing the resultant mass 
until it forms into small bodies, heat treating said 
bodies, pulverizing the heat treated bodies into 
relatively coarse particles, and forming said par 
ticles into a core. 

2. In a method of making a magnetic core, 
the steps of coating finely divided magnetic par 
ticles with insulation, dry mixing the coated par 
ticles with kaolin and colloidal clay, adding to the 
dry mixture a soluticn of a metallic hydroxide 

30 and an alkali metal silicate, mechanically mix 
ing the resultant mass until it forms into small 
bodies, heat treating said bodies, pulverizing the 
heat treated bodies into relatively coarse parti 
cles, and compressing the coarse particles into 
8 COe 

3. In a method of making a magnetic core, the 
steps of coating finely divided magnetic par 
ticles with insulation, dry mixing the coated 
particles with a chemically inert material for 

40 spacing the particles; adding to the dry mixture 
a solution of a metallic hydroxide and an 
alkali metal silicate, mechanically mixing the re 
Sultant mass until it forms into small bodies, 
heat treating said bodies, pulverizing the heat 
treated bodies into relatively coarse particles, 
and forming said coarse particles into a core. 

4. In a method of making a magnetic core, the 
steps of coating finely divided magnetic par 
ticles with insulation, dry mixing the coated 
particles with a chemically inert material for 
separating the particles, adding to the dry mix 
ture a solution comprising water, magnesium 
hydroxide and sodium silicate, mechanically mix 
ing the resultant mass until it forms into small 

is bodies, heat treating said bodies, pulverizing the 
heat treated bodies into relatively coarse parti 
cles, and forming the coarse particles into a core. 

5. In a method of making a magnetic core, the 
steps of coating finely divided magnetic particles 

it with insulation, dry mixing the coated particles 
with a chemically inert material for separating 
the particles, adding to the dry mixture a solu 
tion comprising water, magnesium hydroxide and 
sodium silicate, mechanically mixing the resultant 

tis mass until it forms into small spheres, heating 
the spheres at a temperature between 140° and 
160 F., subsequently heating the spheres at a 
temperature between 175 F. and 195° F., pull 
verizing the heat treated spheres into relatively 

70 coarse particles, and compressing the coarse par 
ticles into a core. 6. In a method of making a magnetic core, 
the steps of coating finely divided magnetic par 
ticles with insulation, dry mixing the coated 

75 particles with kaolin and colloidal clay, adding 

2 5 

3 5 

a metallic hydroxide and an alkali metal sili 
cate, mechanically mixing the resultant mass 
until it forms into small spheres, heating the 
spheres at a temperature between 140° and 5 
160° F. for about two hours, subsequently heat 
ing the spheres at a temperature between 175° F. 
and 195° F for about two hours, pulverizing 
the heat treated spheres into relatively coarse 
particles, and ccmpressing the coarse particles 10 
into a core, 

7. In a method of making a magnetic core, 
the steps of dry mixing finely divided and coated 
particles of magnetic material with kaolin and 
clay, the total weight of the kaolin and clay 5 
being equal to from 4% to 20% of the weight cf 
the coated particles, adding to the commingled 
particles, clay and kaolin a solution comprising 
water, magnesium hydroxide and sodium silicate, 
the total weight of added solution being from 20 
5.5% to 13.5% of the weight of the coated par 
ticles, mechanically mixing the combined par 
ticles with the agent and solution until the mass 
forms into small spheres, heat treating said 
Spheres, pulverizing the heat treated spheres into 25 
relatively coarse particles, and compressing the 
Coarse particles into a core. 

8. In a method of making a magnetic core, the 
steps of dry mixing finely divided and coated par 
ticles of magnetic material with a material for 30 
Separating the coated particles, said separating 
material comprising kaolin, and colloidal clay in 
about equal proportions and the total weight of 
the material being from 4% to 20% of the weight 
of the coated particles, adding to the dry mixture 35 
a solution comprising water, magnesium hydrox 
ide and sodium silicate, mechanically mixing the 
resultant mass until it forms into small spheres, 
heating said spheres at a temperature between 
140 F. and 160 F., subsequently heating the 40 
spheres at a temperature between 175° F. and 
195' F., pulverizing the heat treated spheres into 
relatively coarse particles, and compressing the 
coarse particles into a core, 

9. In a method of making a magnetic core, the 45 
steps of dry mixing finely divided and coated 
particles of magnetic material with a material 
for separating the coated particles, said separat 
ing material comprising kaolin and colloidal clay 
in about equal proportions and the total weight 50 
of the material being from 4% to 20% of the 
weight of the coated particles, adding to the dry 
mixture a solution comprising water, magnesium 
hydroxide and sodium silicate, mechanically mix 
ing the resultant mass until it forms into small 55 
Spheres, heating said spheres at a temperature 
around 150°F, for about two hours, subsequently , 
heating the Spheres at a temperature around 
186 F. for about two hours, pulverizing the heat 
treated spheres into relatively coarse particles, 60 
and compressing the coarse particles into a core. 

10. In a method of making a magnetic core, 
the steps of dry mixing finely divided and coated 
particles of magnetic material with a material for 
separating the coated particles, said separating 65 
material comprising kaolin and colloidal clay in 
about equal proportions and the total weight of 
the material being from 4% to 20% of the weight 
of the coated particles, adding to the dry mix 
ture a solution comprising water, magnesium hy- 70 
droxide and sodium silicate, the total weight of 
the solution being from 5.5% to 13.5% of the 
weight of the particles, mechanically mixing the 
resultant mass until it forms into small spheres, 
heating said spheres at a temperature between 75 

  



4 
195° F., pulverizing the heat treated spheres into 
relatively coarse particles, and compressing the 

3 coarse particles into a core. . . . . . . . . 
11. In a method of making a magnetic core, 

the steps of dry mixing finely divided and coated 
particles of magnetic material with a material 
for separating the coated particles, said separat 

t) ing material comprising kaolin and colloidal clay 
in about equal proportions and the total Weight 
of the material being about 4% of the weight of 
the coated particles, adding to the dry mixture a 
solution comprising water, magnesium hydroxide 

i., and sodium silicate, the weight of said solution. 
being about 5.5% of the weight of the particles, . 
mechanically mixing the resultant mass until it 
forms into small spheres, heating said spheres at 
a temperature between 140 F. and 160' F., sub 

in sequently heating the spheres between a tem 
perature of 175° F. and 195° F., pulverizing the 
heat treated spheres into relatively coarse par 
ticles, and compressing the coarse particles into 
a core. v . . - 

12. In a method of making a magnetic core, the 
steps of dry mixing finely divided and Coated par 
ticles of magnetic material with an agent for 
separating the particles, said separating. agent 
comprising dry kaolin and colloidal clay in about 

3 equal proportions and the total weight of the 
agent being from 4% to 20% of the weight of 
the coated particles, adding to the dry. mixture 
a solution comprising a quantity of water equal. 
to 3.5% of the particle weight, a quantity of 

ii magnesium hydroxide equal to from .25% to 
6.30% of the particle weight, and sodium silicate 
equal to from 75% to 3.70% of the particle 

until it forms into spheres around one inch in 
4 diameter, heating said spheres, pulverizing the 

heat treated spheres into relatively coarse par 
ticles, and compressing said relatively coarse par 
ticles into a core. 13, in a method of making a magnetic core, 

is the steps of dry mixing finely divided and coated 
particles of magnetic material with an agent for : 

coarse particles into a core. 

2,230,228 
140 F. and 160 F, subsequently heating the 
spheres between a temperature of 175 F. and . 

separating the particles, said separating agent 
comprising dry kaolin and colloidal clay in about. 
equal proportions and the total weight of the . 
agent being equal to 6% of the weight of the 
coated particles, adding to the dry mixture a so- 5 
lution comprising a quantity of water equal to 
3.5% of the particle weight, a quantity of mag nesium hydroxide equal to 2% of the particle 
weight, and sodium silicate equal to 1.2% of the . . . 

... particle weight, mechanically mixing the result- 10 
ant mass until it forms into spheres around one 
inch in diameter, heating said spheres at a tem 
perature between 140 F. and 160°F. for two . hours, subsequently heating said spheres at a 
temperature between 175° F. and 195° F., pulver- 15 
izing the heat treated spheres into relatively 
coarse particles, and compressing said relatively 

14. In a method of making a magnetic core, 
the steps of coating finely divided particles of a 20 
nickel-iron magnetic alloy with a mixture of . 
magnesium hydroxide, sodium silicate, and talc, 
combining the coated particles with an agent for 
separating the particles, said separating agent. 
comprising drykaiolin and colloidal clay in about 25 
equal proportions and the total weight of the 
agent being equal to about 6% of the weight of 
the coated particles, dry mixing the particles and 
agent until a portion of the agent is coated on . . . . . 
the particles and the remainder is: dispersed 30 . . . . 
through the particle mass, adding to the dry 
mixture a solution comprising a quantity of water 
equal to 3.5% of the particle weight, a quantity 
of magnesium hydroxide equal to 2% of the par 
ticle weight, and a quantity of sodium silicate 35 
equal to 1.2% of the particle weight, mechani 
cally mixing the resultant mass until it forms 

weight, mechanically mixing the resultant mass into spheres around one inch in diameter, heat 
ing said spheres at a temperature around 150° F. 
for about two hours, subsequently heating the 40. 
spheres at a temperature around 186 F. for 
about two hours, pulverizing the heat treated 
spheres into relatively coarse particles, and com 
pressing said relatively coarse particles into a 
COre. 45 
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