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This invention pertains to the art of permanent magnets 
and more particularly to a material and method of manu 
facturing same having permanent magnetic properties. 
The invention is particularly applicable to material for, 

and the manufacture of, soft elastic articles of manufacture 
which must adhere to similar articles or to magnetically 
permeable supports and will be described with particular 
reference thereto, although it will be appreciated that the 
invention is equally applicable to the manufacture of rigid 
articles of manufacture or where the magnetic ?eld of the 
articles produced is used for purposes other than being at 
tracted to other magnetic supports. 

In accordance with the present invention, a thermoplas 
tic material has incorporated therein as a ?ller material 
at some stage in the processing thereof to a ?nal article 
of manufacture, permanent magnetic materials in either 
powdered or granular form in quantities of 20—80% by 
volume. 
By thermoplastic is meant a material which will pass 

through a liquid or low viscosity phase during the heating 
thereof in the forming of articles of manufacture there 
from. As such, the permanent magnetic materials will in 
essence essentially float in the liquid plastic and when 
subjected to an external magnetizing ‘force, may orient 
themselves in accordance with the present invention. Thus 
if the thermoplastic material with the permanent mag 
netic powder is injected into a mold as a liquid while sub 
jecting the material to a magnetizing ?eld, the permanent 
magnetic particles will become magnetized and tend to 
accumulate corresponding to the polarization of the mag 
netizing ?elds. When the thermoplastic material hardens 
or thickens, the permanent magnetic powders will be held 
in this position. When the permanent magnetic materials 
are anisotropic there is a further advantage that the par 
ticles will align themselves in their preferred position and 
will be held in such position resulting in a further increase 
of the ultimate magnetic ?eld intensity. 

Permanent magnetic materials usable with the invention 
are those, either isotropic or anisotropic, which can be 
mechanically crushed to a su?iciently small size or a com 
bination of non~magnetic materials which when mixed in 
powdered or granular ‘form result in either isotropic or 
anisotropic permanent magnetic materials and which 
would then be subjected to magnetizing forces during the 
process of forming the thermoplastic materials. 

Particularly suited for the present invention are the per 
manent magnetic materials which are manufactured and 
sold in the powdered form. As many of these materials 
oxidize readily, the further processing must be done by 
excluding oxygen, for example, by wetting the materials 
with appropriate liquids or using protective gases. Soften 
ers may also be employed for this purpose. 

vPreferably the magnetic materials should offer a mini 
mum of permeability. Typical of such materials are man 
ganese-bismuth, so-called oxide magnets of the iron-bari 
um, iron-strontium type. 

Further in ‘accordance with the present invention, a 
method of manufacturing permanent magnetic articles is 
provided comprising the steps of mixing a thermoplastic 
material as above de?ned with a powdered or ‘granular 
non-magnetized permanent magnetic material, heating the 
mixture to a temperature such that the thermoplastic mate 
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rial has a low viscosity, forming the mixture to the desired 
shape and simultaneously subjecting it to a magnetizing 
‘force, and allowing the magnetized formed mixture to. 
cool. 
The method of forming may be those customary in the 

technique ‘of plastic material in the production of plates, 
sheets, shaped rods or formed parts such as kneading, ex 
trusion, rolling, molding, injection molding or blowing, the 
magnetizing in any desired polarization either on the sur 
face or through the cross section taking place as the ther 
moplastic material changes from the liquid or low viscosity 
state to the congealed or hardened state. 
Whenever the mixture is to be extruded or injection 

molded, it is often advantageous, in accordance with the 
invention, to form granules of the mixture which facilitates 
the manufacture of the material and enables a very homo 
geneous product to be obtained. 

Plastics particularly usable with the present invention 
are the superpolyamids which have a melting temperature 
of about 220° C. 

Further in accordance with the present invention, ap 
paratus is provided for manufacturing articles from such 
material comprising means for forming the material 
through the desired shape at least in part of a non-mag 
netic material in combination with means having a ?xed 
relationship relative to the material while being formed for 
exerting a magnetizing ?eld on such material. 

For an extrusion machine, in accordance with the inven 
tion, there is provided a forming nozzle of non-magnetic 
material preferably having a thin wall thickness at one sur 
face in combination with magnetizing means movable lon 
gitudinally of the nozzle synchronously with the speed of 
movement of the plastic material through the nozzle. 
Where the nozzle is relatively straight, the magnetizing 
means can be in the form 'of an endless chain carrying the 
magnetizing poles longitudinally of the nozzle. Alterna 
tively, the extrusion nozzle can extend in an arcuate man 
ner and the magnetizing poles can be mounted on a rotat 
ing disc or wheel rotating at a speed such that the poles 
synchronously move with the speed of movement of the 
plastic material through the nozzle. 
Where the plastic material is to be formed into ?at 

sheets by means of calender rolls, in accordance with the 
invention, one ‘or both of the calender rolls are formed of 
non-magnetic material and containing a plurality of cir 
cumferentially spaced axially extending magnetizing poles, 
either rotating with the roller or supported on a separate 
shaft, but in either event, moving synchronously with the 
speed of delivery of the material from the roller. 

Further, where the material is to be injection molded, in 
accordance with the invention, at least one of the sections 
of the injection mold is formed of non-magnetic material 
having magnetizing poles inserted in recesses thereof, the 
base of which recess is relatively thin. 
The principal object of the present invention is the pro 

vision of a new and improved permanent magnetic mate 
rial which is easily manufactured to any desired shape 
which has a maximum ?eld strength for a given Weight of 
permanent magnetic ingredients and is simple and inex 
pensive. 

Another object of the invention is the provision of 
a new and improved method of manufacturing perma 
nent magnetic materials wherein the permanent mag 
netic materials may be concentrated in desired spots 
throughout the article. 

Still another object of the invent-ion is the provision 
of a new and improved method of manufacturing articles 
of manufacture made from thermoplastic materials con 
taining powdered permanent magnetic materials wherein 
the permanent magnetic materials are bunched or grouped 

, to provide maximum localized ?eld strengths. 
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Still another object of the invention is the provision 
of a new and improved apparatus for molding or ‘form 
ing articles from a mixture of thermoplastic and perma‘ 
nent magnetic material comprising means for moving 
the mixture through \a forming operation and other ‘means 
for synchronously moving magnetizing ?elds with the 
mixture. 
The invention may take physical form in certain parts 

and arrangements of parts and certain steps and com 
binations of steps preferred embodiments of which will be 
described in detail in this speci?cation and illustrated in 
the accompanying drawings which [are a part hereof and 
wherein, 
FIGURE 1 is a side cross-sectional somewhat diagram 

matrical view of an extrusion press and nozzle having 
the magnetizing poles mounted on an endless chain all 
illustrating an embodiment of the invention. 
FIGURE 2 is a view somewhat similar to FIGURE 

1, but showing the magnetizing poles mounted on the 
periphery of a wheel. 
FIGURE 3 is an end elevational view of calendering 

rolls with one of the rolls having magnetizing poles 
mounted thereon illustrating an alternative embodiment 
of the invention, and 
FIGURE 4 is a side cross-sectional view of an injec 

tion mold showing somewhat diagrammatically built-in 
magnetizing magnets. 

Referring now to the drawings wherein the showings 
are ‘for the purposes of illustrating preferred embodiments 
of the invention only and not for the purposes of limiting 
same, FIGURE 1 shows a plastic material 1 being ex 
truded under the effect of a worm 2 through an extrusion 
nozzle 5 heated as is conventional .by heating coils 3 and 
4. The material 1, in accordance with the invention, is 
formed of a mixture of: 

(a) Any ‘of the known thermoplastic materials capable 
upon heating to elevated temperatures of liquifying or 
having a low viscosity preferably a superpolyam-id, and, 

(b) Any of the known permanent magnetic materials 
capable of being crushed or ground to granular or pow 
dered ‘form and preferably having a minimum perme 
ability suoh as the manganese bismuth compounds or the 
various known oxide magnets, e.g., Without limitation, 
iron-barium or iron-strontium. 
The permanent magnetic materials preferably have a 

volume of 60—70% of the total of the material 1 al 
though the volume may range ‘from 20-80%. 
The heating coils 3, 4 heat the material ‘1 above the 

plastic or liquifying temperature of the thermoplastic por 
tions thereof. 

This material 1 in a plastic state is advanced longitu 
dinally through the nozzle 5 which has a relatively thin 
wall 6 of non-magnetic material. A plurality of perma 
nent magnets 10 are ‘arranged in close relationship to 
this wall 6 ‘for the purpose of imposing a plurality of 
longitudinally spaced magnetizing ?elds on the material 
1 in the nozzle 5. These magnets 10 are mounted on an 
endless chain 9 in turn supported on a pair of sprocket 
wheels 7, 8. The sprocket wheels '7, 8 are rotated by 
external power means not shown at a speed such as to 
move the magnets 10 longitudinally of the nozzle 5 at a 
speed synchronous with the speed of movement of the 
material 1 through the nozzle 5. As the arrangements 
for maintaining this synchronous speed are well known to 
those skilled in the art, this apparatus is not more 
speci?cally shown. 
The far end of the nozzle 5 is cooled by a cooling 

device 11 through which water flows. 
Thus it will be seen that the material 1 comprised of 

a mixture of thermoplastic material and nonmagnetized 
permanent magnetic ingredients is ?rst heated to the plas 
tic temperature of the thermoplastic material and then 
advanced longitudinally of the nozzle 5 in such heated 
state. In effect the nonmagnetized permanent magnetic 
particles are ?oating in this liquid. However, as the 
mixture comes opposite to the magnets 10, the magnetic 
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A 
particles are vfree to ?oat and orient themselves in bunches 
or concentrations corresponding to the positions of the 
magnets 10. The effect is to concentrate the magnetic 
material at the pole points. 

It is believed that I am the ?rst to ever have mixed 
nonmagnetized permanent magnetic material with a 
thermoplastic material, heated the thermoplastic material 
to the liquid or plastic state and then subjected it to mag 
netizing forces which are stationary relative to the mix 
ture whereby the magnetic particles can group or con 
centrate themselves in accordance with the magnetizing 
forces. 
FIGURE 2 shows an alternative embodiment of the 

invention comprised of a nozzle 12 through which the 
material 1 is forced by means of the worm screw 16, the 
nozzle 12 being ‘heated ‘by the heating coils 17, 18 as is 
conventional. The outer end of the nozzle 12 is arcuate 
and is milled away so that a portion of the passage of 
the nozzle 12 is exposed. A wheel 14 having a plurality 
of magnetizing magnets 13 arranged around its periphery 
rotates in the milled end of the nozzle 12 at a speed 
such that the peripheral velocity of the wheel 14 is the 
same ‘as the speed of movement ‘of the material 1 
through the passage. 

Cooling means are not shown but may be employed. 
However, the wheel 14 may exert a cooling eifeot on the 
material 1 as the material comes into contact therewith. 
FIGURE 3 shows the invention as applied to roller 

calenders. In FIGURE 3 the material 19 similar to the 
material 1 above described is advanced between rollers 
2%, 22 rotating on parallel axes, then continues around 
the roller 22 and thence ‘between roller 23 and roller 
22. The roller 22 as shown has a plurality of perma 
nent magnets 21 extending axially along its surface and 
circumferentially spaced. Adjacent magnet-s as shown 
have opposite magnetic polarity. 
No means are shown for heating the material 19 but it 

will be understood that the material 19 is in a heated 
state. ternatively, the Wheel 22 can be heated to an 
amount su?‘icient to heat the material 19. 
FIGURE 4 shows a still further alternative emlbodi 

ment of the invention particularly applied to an injec 
tion mold comprised of two sections 24, 25 of ‘nonmag 
netic material and de?ning a mold cavity. A plurality of 
magnetizing magnets 27 are built into the mold cavity 
in spaced side by side relationship, adjacent magnets hav 
ing opposite magnetic polarity. A plate of magnetic ma 
terial is positioned behind these magnets so as to provide 
a magnetic connection of high permeability. Plates 31 
of nonmagnetic material space the magnets 27. 
The thermoplastic mixture 29 as above described with 

reference to material 1 of FIGURE 1 is injected in a 
heated state into the mold cavity through the nozzle 26 
and ?lls up this mold cavity. The magnetic particles 
?oating in the thermoplastic material migrate in the mate 
rial to arrange themselves in concentrated areas corre 
sponding to the lines of magnetic force between the 
magnets 27. Such concentrations are indicated by the 
dotted lines 30. 

It will thus be appreciated that embodiments of the 
invention have ‘been described which accomplish all of 
the objects heretofore set forth and others and provide 
a permanent magnetic material which may be readily 
molded, has high ?eld strengths for a given weight of 
permanent magnetic material together with improved 
apparatus for producing such materials. 
The invention has been described with reference to 

preferred embodiments. Obviously modi?cations and 
alterations will occur to others upon a reading and under 
standing of this speci?cation and it is my intention to 
include all such modi?cations and alterations insofar as 
they come within the scope of the appended claims. 
Having thus described my invention, I claim: 
1. Apparatus for forming plastically molded permanent 
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magnetic articles of manufacture comprising in combina 
tion an extrusion nozzle at least in part of nonmagnetic 
material, means for forcing a thermoplastic material con 
taining powdered nonmagnetized permanent magnetic 
materials through said nozzle and means for magnetizing 
the mixture as it goes through the extrusion nozzle com 
prising a plurality of magnetic poles .and means for mov 
ing such poles along said nozzle synchronously with the 
movement of the mixture therethrough. 

2. Apparatus for forming continuous lengths of per 
manent magnetic material comprising an elongated form 
ing nozzle at least in part of a nonmagnetic material and 
means for advancing a mixture of a thermoplastic mate 
rial and nonmagnetized particles capable of being per 
manently magnetized through such nozzle and means 
comprised of at least a pair of close spaced opposite 
polarity magnetic poles having axes perpendicular to 
the length of such nozzle and adjacent such nozzle for 
subjecting such mixture to a magnetizing force. 

3. The combination of claim 2 wherein such means 
are movable longitudinally of the nozzle and means are 
provided for maintaining the speed of movement syn 
chronous with the speed of movement of the mixture 
through the nozzle. 

4. Apparatus for forming continuous lengths of per 
manent magnetic material comprising in combination an 
extrusion nozzle, means for forcing a mixture of thermo 
plastic material and nonmaguetized particles capable of 
being permanently magnetized through such nozzle, one 
side of said nozzle being open and means closing said 
side comprising a magnetizing device including a pair of 
magnetic poles having an axis of magnetization perpen 
dicular to the length of said nozzle. 

5. Apparatus for forming continuous sheets of a per 
manent magnetic material comprising in combination a 
plurality of calender rolls in spaced relationship and 
rotatable on parallel axes, at least one of said rolls hav 
ing a plurality of axially extending circumferentially 
spaced opposite magnetic poles. 

6. A method of forming a permanent magnet body 
which comprises the steps of providing a mass of plastic 
material having ?nely divided permanent magnet par 
ticles therein, providing a plurality of spaced magnetizing 
magnets which present pole faces of opposite magnetic 
polarity, and, while said mass of material is in .a ?owable 
condition, moving it along a predetermined path and 
forming it into an elongated body of inde?nite length 
and simultaneously bringing one longitudinal face of said 
elongated mass of material and said opposite polarity 
pole faces of the magnetizing magnets into proximity to 
each other so that said magnetizing magnets magnetize 
said permanent magnet particles in said mass and pro 
duce continuous spaced apart permanent magnet poles of 
alternate polarity at said one longitudinal face of the 
?nished body. 

7. A method of forming a permanent magnet body 
which comprises the steps of providing a mass of plastic 
material having ?nely divided permanent magnet par 
ticles therein, providing a plurality of spaced magnetizing 
magnets, and, while said mass of material is in a ?owing 
condition, causing the mass to ?ow at a predetermined 
speed along a predetermined path of movement and 
moving said magnetizing magnets along said path of 
movement at the same speed in proximity to said ?owing 
mass to magnetize said permanent magnet particles in 
said mass. 

8. A method of forming a permanent magnet body 
which comprises the steps of providing a mass of plastic 
material having ?nely divided permanent magnet par 
ticles therein, heating said mass of material to a ?owing 
condition and causing the heated mass to ?ow at a pre 
determined speed along a predetermined path of move 
ment, and moving a plurality of magnetizing magnets 
having successive pole faces of alternate polarity along 
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6 
said path of movement at the same speed with said alter— 
nate polarity pole faces of the magnetizing magnets in 
proximity to one face of said ?owing mass, to magnetize 
said permanent magnet particles in said mass and pro 
duce successive spaced permanent magnet poles of alter 
nate polarity at said one face of the body. 

9. The method of claim 8 wherein said mass is ex 
truded through a nozzle and the permanent magnet par 
ticles therein are magnetized by said magnetizing magnets 
during such extrusion. 

10. The method of claim 8 wherein said mass is ex 
truded through a nozzle and the permanent magnet par 
ticles therein are magnetized by said magnetizing mag~ 
nets immediately following such extrusion. 

11. The method of claim 8 wherein said mass is passed 
around calendering rolls and the permanent magnet par 
ticles therein are magnetized by said magnetizing magnets 
during such passage. 

12. A method of forming a ?exible elongated per 
manent magnet strip which comprises providing a mass 
of thermoplastic material, mixing in with said mass ?nely 
divided permanent magnet particles, moving a plurality 
of movable spaced magnetizing magnets having adjacent 
pole faces of alternate polarity along a predetermined 
path heating said mass of material to a ?owing condition 
and forming it into a strip which ?ows at a predetermined 
speed along a path of travel which is in proximity to a 
portion of said path of movement of said magnetizing 
magnets, and moving said magnetizing magnets at the 
same speed as said ?owing strip to magnetize said per 
manent magnet particles in the latter and produce spaced 
permanent magnet poles of successively alternate polarity 
at the adjacent face of the strip. 

13. A method of making a permanent magnet body 
which comprises the steps of providing a mass of plastic 
material having ?nely divided permanent magnet par 
ticles therein, forming said mass into an elongated body, 
providing spaced magnetizing magnets which present re 
spectively spaced opposite polarity pole faces, and while 
said mass of material in the body is in a moving condi 
tion ‘bringing one face of the body and said opposite 
polarity pole ‘faces of the magnetizing magnets into prox 
imity to each other so that said magnetizing magnets 
magnetize said permanent magnet particles in said mass 
and produce spaced apart permanent magnet poles of 
opposite polarity at said one face of the body. 

14. A method of making an elongated ?exible per 
manent magnet strip which comprises the steps of provid 
ing a mass of thermoplastic material having ?nely divided 
permanent magnet particles therein, forming said mass in 
to a continuous elongated strip, providing spaced magnet 
izing magnets which present respectively opposite polarity 
pole faces, and moving said strip lengthwise past said 
magnetizing magnets with one face of the strip in prox~ 
imity to said opposite polarity pole faces of the magnetiz 
ing magnets so that said magnetizing magnets magnetize 
said permanent magnet particles in said mass and pro 
duce along the length of the strip spaced apart permanent 
magnet poles of opposite polarity at said one face of 
the strip. 

15. Apparatus for magnetizing elongated lengths of 
a mixture of nonmaguetized particles capable of being 
permanently magnetized and a plastic nonmagnetic binder 
so as to have on one elongated surface, at least a pair 
of oppositely polarized permanent magnet poles com 
prising in combination: means for moving said mixture 
along a predetermined path, means on said path for 

. continuously ‘forming said mixture into an elongated 

70 

75 

body of predetermined transverse dimensions, and means 
for magnetizing said particles as said elongated body 
moves along said path including at least a pair of close 
spaced opposite polarity magnetic poles disposed on one 
side of said path with the axes 0f magnetization perpen 
dicular to said path. 



3,051,988 

16. Apparatus for magnetizing elongated lengths of a 
mixture of nonmagnetized particles capable of being 
permanently magnetized and a plastic nonmagnetic 
binder so as to have on one elongated surface at least 
a pair of oppositely polarized permanent magnet poles 
comprising in combination: means for moving said mix 
ture along a predetermined path, means for changing the 
transverse dimensions of said mixture and means for 
simultaneously magnetizing said particles as said mix 
ture moves along said path including at least a pair of 
close spaced oppositely polarized magnetic poles dis 
posed on one side of said path with the axes of magnetiz 
ation perpendicular to said path. 

17. Apparatus for magnetizing elongated lengths of 
a mixture of non-magnetized particles capable of being 
permanently magnetized and a plastic non-magnetic 
binder so as to have on one elongated surface a plurality 
of permanent magnetic poles comprising in combination: 
means for moving Said mixture along a predetermined 
path, forming means for changing the transverse di 
mensions of said mixture, means for magnetizing said 
particles including a plurality of close spaced magnetic 
poles disposed on one side of said path With the axis of 
magnetization perpendicular to said path. 
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