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This invention relates to magnets and more particular 
ly to improvements in the manufacture of magnets of 
elastomeric material having magnetic particles dispersed 
therein. 

In recent years there has become an increasing de 
mand for small strip permanent magnets which are suit 
able for use in effecting closures and seals. It is gen 
erally required that these small permanent magnets be 
embedded in a material which is easily manipulated so as 
to ?t the contour and space requirements of the devices 
being constructed. To meet this requirement, the prior 
art has offered various ferrite and iron compounds em 
bedded within elastomeric or other plastic material. 
These have generally been formed by mixing the ferrites 
ground to domain size dimensions with the plastic ma 
terial, orienting the particles ?rst by a calendering or 
rolling technique and then, subsequent to the orienting 
step, magnetizing the particles to provide a permanent 
magnet. 

This technique has generally resulted in magnetic ma 
terials, strips or sheets of magnetic materials of relative 
ly low magnetic properties. It is believed that this is a 
result of the lack of orientation of the magnetic domains 
of the ferrite particles dispersed within the elastomer 
material, due to the random orientation of the dipolar 
magnetic molecules produced by the mechanical rolling 
deformation. In order to produce small magnets of the 
strip or sheet type with su?iciently high magnetic prop— 
erties, the magnetic strips or sheets have heretofore been 
cut and stacked prior to the application of a permanent 
setting magnetic ?eld. Thus, the prior art has utilized a 
three step process, that is, magnetic domain orientation 
with the aid of rolling or calendering, a subsequent stack 
»ing step and then a setting of the ferrite particles with 
the aid of a high intensity magnetic ?eld to permanently 
magnetize the ferrites dispersed in the elastomer ma 
terial. 

Additionally, other prior art in this ?eld has utilized 
the technique of combining ferrite particles with an un 
polymerized plastic material in a liquid state and subse 
quently applying a magnetic ?eld to orient the particles 
within the liquid unpolymerized material. After this has 
been accomplished and while the magnetic ?eld is con 
tinuously applied, heat is then applied to the material to 
effect a polymerization of the elastomer material and a 
?xing of the position of the magnet particles within the 
elastomer material. This method has two signi?cant dis 
advantages. A casting is formed of dimensions which 
are not suitable for hardware or other type of apparatus 
such as refrigerator doors requiring long thin strips of 
magnetic material. Further, in its present form, it is 
not easily adaptable to rolling or mechanical deformation 
to reduce its dimensions since any mechanical deforma 
tion would cause a random reorientation of the magnetic 
domains of the magnetic material and reduce the mag 
netic properties of the material. 

In view of the foregoing, the principal object of this 
invention is to provide a new and improved method for 
producing permanent magnets. 

Another object of the invention is to provide a new 
and improved technique for orienting domains of mag 
netic particles dispersed within an elastomeric material. 
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A further object of the invention is to provide a new 

and improved method of manufacturing sheets or strips 
of elastomeric material having dispersed therein magnetic 
particles. 
A still further object of the invention is to provide a 

new and improved method of manufacture for simulta 
neously reducing the dimensions of an elastomeric ma 
terial having magnetic material embedded therein and 
simultaneously orienting and permanently magnetizing 
the magnetic material. 

Still other objects and advantages of the invention will 
in part be obvious and will in part be apparent from 
the speci?cation. 

In accordance with this invention, a new and improved 
technique for fabricating permanent magnets is provided 
by mechanically deforming and applying a magnetic ?eld 
simultaneously to magnetic particles dispersed within a 
non-magnetic matrix. In the preferred embodiment of 
the instant invention, this is accomplished by rolling a 
non-magnetic matrix, such as an elastomeric material 
having dispersed therein ferrite particles while simulta 
neously applying a magnetic ?eld to orient the magnetic 
domains of the particles and to permanently magnetize 
the magnetic particles embedded within the elastomeric 
material. 
The invention accordingly comprises the several steps 

and the relation of one or more of such steps with re 
spect to each of the others, the apparatus embodying 
features of construction, combinations and arrangement 
of parts which are adapted to effect such steps, and the 
product which possesses the characteristics, properties, 
and relation of components, all as exempli?ed in the de 
tailed disclosure hereinafter set forth, and the scope of 
the invention will be indicated in the claims. 
For a fuller understanding of the nature and objects 

of the invention, reference should be had to the follow 
ing detailed description taken in connection with the 
accompanying drawing, in which: 
FIG. 1 is a front elevational view partly in section 

of apparatus for carrying out the method of this inven 
tion according to a preferred embodiment of the inven 
tion; 
FIG. 2 is a sectional view taken along line 2—2 of 

FIG. 1; 
FIG. 3 is a side elevational view in section showing a 

modi?ed form of apparatus for carrying out the method 
according to another embodiment of this invention; 
FIG. 4 is a side elevational view partially in section 

showing alternative apparatus for carrying out the in 
vention; . 

FIG. 5 is a diagrammatic illustration partially sche 
matic showing a modi?ed form of apparatus for‘ carrying 
out the method according to this invention; and 
FIG. 6 is a diagrammatic illustration showing an al 

ternative apparatus for carrying out the invention. 
Referring now to FIG. 1, the apparatus comprises a 

support 10 to which there is af?xed a plurality of bush 
ings 11, 12, 13‘ and 14, as shown. Positioned in a spaced 
relationship to support 10 are two work rolls 20‘ and 21 
which are utilized to mechanically deform and compress 
a material 23 passed therebetween. Roll 20 is provided 
with two shaft portions 24 and 25, the former guided 
within support 10 by bushing 11 and the latter guided on 
support 10 by bushing 13. Roll 21 is likewise provided 
with two shaft portions 26- and 27, the former supported 
and guided on support 10 by bushing 12 and the latter 
supported and guided on support 10 by bushing 14. 
Shaft portions ‘24 and 26 extend from bushings 11 and 
‘12 respectively and are coupled to gears 30 and 31 as 
shown. These gears 30 and 31 are driven in synchro 
nism by a driving pinion gear 32 coupled to a shaft 313 of 
a variable speed motor 34. As such, variable speed motor 
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34 rotates pinion gear 32 to cause gears 30 and 31 to 
rotate and drive rolls 20 and 21 respectively. 

Also coupled to support Itl is a plurality of ?anged 
sleeves 36, 37, 38 and 39, as shown. Sleeve 36 sur 
rounds shaft portion 24 to permit free rotation of shaft 
24 and further to permit an electro-rnagnet 40 to be 
wound as shown about the sleeve. Further, sleeve 37 
permits another magnet 41 to be positioned about shaft 
portion 25. Additionally, shaft portions 26 and 27 of roll 
21 are surrounded by two other magnets 42 and 43 as 
shown in the drawing. Magnets 40‘, 41, 42 and 43 are 
coupled to a source of direct energy (not shown) and are 
wound such that magnetic lines of force in the direction 
as shown are obtained. In order to obtain the orienta 
tion of the lines of force from the four magnets as shown 
in the drawing, magnets 40 and 41 are wound and 
coupled such that their poles closest to roll 20’ are of 
north polarity and magnets 42 and 43‘ have their poles 
closest to roll 21 of a south polarity. 

It is to be understood that the polarities can be re 
versed as long as the portions closest to the top roll 20 
and the bottom roll 21 have the same relationship as 
above to produce lines of force as shown in the drawing. 

Further, coupled to support 10 are four doctor blades 
46, 47, 48 and 49 for cleaning rolls 2t} and 21 respec 
tively. Additionally, two guide elements 50 and 51 are 
provided and coupled to support 1.10‘ to guide material 23 
being worked on through the apparatus. 

In operation, the apparatus shown in FIGS. 1 and 2 acts 
on material 23 which comprises elastomeric material hav 
ing magnetic and/ or ferrite particles dispersed therein. 
The elastomeric material 23 is an elastic substance, such 
as a synthetic rubber or a plastic having some of the 
physical properties of natural rubber. For example, the 
elastomeric material could comprise a plastic of the poly 
vinyl chloride type. Furt'her, materials such as methyl 
methacrylate, urea formaldehyde, vinyl acetate, vinyl 
formaldehyde, buna N, or other suitable materials may 
be utilized. It is to be further understood that combi 
nations of the above, with natural rubber, or natural rub 
her with other materials or by itself, may be used as the 
elastomeric material referred to herein. In the preferred 
embodiment, barium ferrite particles are preferably uti 
lized as the material which is dispersed within the clas 
tomeric material. It is to be understood that other 
ferrite materials, such as lead and strontium which ex 
hibit high degrees of magnetic efficiency, could be sub 
stituted in place of the above. Further, other materials 
of the iron type could be utilized in carrying out the 
process of this invention. 

In order to carry out the method according to the in 
vention, material 23 having the ferrite particles dispersed 
therein is fed through rolls 20 and 21. The rolls are 
positioned at a distance from each other suchas to cause 
a reduction in the thickness dimension of the material or 
sheet 23, being passed theret'hrough. At the same time, 
a magnetic ‘?eld is simultaneously applied to the portion 
of the material undergoing deformation by magnets 40, 
41, 42 and 43 in a manner to cause magnetic lines of 
force, as shown in FIG. 1, to be applied perpendicularly 
to the top surface of material 23 and through the small 
dimension of material 23. By simultaneously magnetiz 
ing the material and deforming the material, it has been 
discovered that substantial increases in the magnetic ef 
?ciency of the magnet produced is obtained. In fact, 
the method described herein has provided permanent 
magnets of the type described exhibiting an appreciable 
increase in strength in comparison to permanent magnets 
of the same type manufactured by the prior art methods. 
It is theorized that this is due to the rolling action permit 
ting the particles to move with a greater degree of free 

The mechanical agita 
tion produced by the rolling permits the magnetic particles 
dispersed within the elastomeric material to be substan 
tially affected by the lines of force passing therethrough. 
In this manner the magnetic material can be strongly 
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in?uenced by the magnetic lines of force sothat the mag 
netic domains of the particles can be oriented in the 
proper direction while at the same time being perma 
nently magnetized. 

In practice, it has been found that by utilizing the 
simultaneous mechanical deformation with the accom 
panying magnetic ?eld, magnets are produced with such 
highly efficient magnetic properties that it is no longer a 
requirement that the sheets be cut up and stacked in order 
to produce a permanent highly efficient strip or sheet 
magnets. Further, this simultaneous technique permits 
thematerial to be fabricated at less cost and with greater 
e?iciency, inasmuch as the number of steps required in 
the technique is substantially reduced. 
From the foregoing, it should become apparent that a 

new and improved process has ‘been provided for fabri 
cation of magnets having substantially enhanced magnetic 
properties. The improvement is accomplished by simul 
taneously orienting the magnetic domains and perma 
nently magnetizing the magnetic particles While the 
particles and elastomeric material are at the same time 
undergoing mechanical deformation. 
As an example of a permanent magnetactually manu 

factured in accordance with the teachings of this inven 
tion, a composition of the following materials by weight 
was utilized: 

8 parts--barium ferrite 
1 part--polyvinyl chloride 
.6 part-plasticizer 

The polyvinyl chloride could be of the type sold by the 
designation 2YSA-S by the Union Carbide Company and 
the plasticizer could be of the type designated as DOP 
and sold by the Union Carbide Company. 

It is to be understood that in place of the rolls as shown 
with their axes being along a perpendicular line to ma 
terial 23 passing therethrough, other types of rolling 
structures such as a calendering roll wherein the axes are 
off-centered, or rolls such that each roll operates at sub 
stantially different rotational speeds could be utilized to 
provide the mechanical deformation of material 23. 

Referring now to FIG. 3, there is shown a modi?cation 
of the structure of FIG. 1 for performing the method of 
manufacture according to the instant invention. The ap 
paratus of FIG. 3 comprises a support 60 for mounting 
three pairs of rolls, shown as 61 and 62, 63 and 64, and 65 
and 66, respectively. Rolls 61 through 66 are staggered 
such that they operate on material 23 to cause a gradual 
mechanical deformation and reduction in the thickness 
dimension of said material. At the same time that each of 
rolls 61 through 66 are mechanically deforming material 

' 23, a magnetic ?eld is being applied ‘as shown in FIGS. 1 
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and 2, to orient and permanently magnetically set the 
magnetic particles within the elastomeric material under 
each of the rolls. Further, the apparatus of FIG. 3 has 
a guide 70 for guiding the side surface of material 23 and 
a plurality of doctor blades 71 through 78 are provided 
for cleaning each of rolls 61 through 66 respectively in 
the manner previously mentioned with respect to FIGS. 
1 and 2. 

Thus, an alternate embodiment of an apparatus for. 
fabricating magnetic material is disclosed which will 
reduce the dimensions of a matrix material such as ma 
terial 23 in a plurality of steps to thereby effect a sub 
tantial reduction in the thickness of the material while at 
the same time providing a highly efficient magnetic magnet 
by the simultaneous application of a magnetic ?eld to the 
strip material 23 while said material is undergoing each 
of the mechanical deformation steps. 

Referring now to FIG. 4, there is shown a further 
modi?cation of an apparatus for performing the inven 
tion. The apparatus comprises a support member 85 on 
which there are mounted two rolls 86 and 87 as shown. 
To provide the strip material 23 previously mentioned 
with regard to FIGS. 1 through 3, there is provided a. 
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housing 88 having an extrusion screw 89 mounted therein. 
At one end of housing 88 is an ori?ce 90 for permitting 
extruded material to pass therethrough and under rolls 
86 and 87. Also coupled to support member 85 is a guide 
93 for guiding the extruded material therethrough and two 
doctor blades 94 and 95 for cleaning rolls 86 and 87. In 
practice, the elastomeric material having magnetic par 
ticles dispersed therein is enclosed within housing 88, such 
that screw member 89 can, by turning, force a portion of 
the material through ori?ce 90 in a sheet form. After 
leaving ori?ce 90, the material in the sheet form under 
goes a mechanical deformation and reduction in dimen 
sion by rolls 86 and 87. Simultaneously, a magnetic ?eld 
is applied to effect orientation of the magnetic‘domains 
of the particles and at the same time to permanently set 
the magnetic properties of these particles. Thus, there 
has been provided an alternate structure for carrying out 
the method of this invention in a sheet material formed 
by extrusion passed under and through a plurality of rolls 
which mechanically deform and reduce the thickness of 
material while at the same time a magnetic ?eld is sup 
plied to the material such that the magnetic lines of force 
are perpendicular to the top surface of the material. 

Referring now to FIG. 5, there is shown a further 
modi?cation of an apparatus for performing the method 
according to this invention. The apparatus comprises 
rolls 20 and 21 for mechanically deforming material 23. 
Material 23 is of an elastomeric constituency having 
magnetic particles dispersed therein. There is disclosed 
four iron core members, 100, 101, 102 and 103 positioned 
in the same manner as the electromagnets shown in FIG. 
1. Each of the cores, 100 through 103 have D.C. wind 
ings 110, 111, 112 and 113 wound thereon, respectively. 
D.C. windings 110 and 111 are connected to a D.C. 
source 115 and D.C. windings 112 and 113 are coupled to 
a D.C. source 116. These D.C. sources in conjunction 
with the D.C. windings and the cores provide an elec 
tromagnet for permanently setting and magnetizing the 
portion of material 23 undergoing mechanical deforma 
tion, as previously disclosed in FIG. 1. The cores 100 
through 103 also have wound thereon additional A.C. 
windings 120, 121, 122 and 123, respectively. A.C. wind 
ings 120 and 121 are coupled to A.C. source 125 and A.C. 
windings 122 and 123 are coupled to A.C. source 126. 
It has been discovered that by applying an A.C. magnetic 
?eld to the portion of material 23 undergoing mechanical 
deformation, to agitate or loosen the magnetic particles 
prior to applying the setting and orienting the D.C. ?eld, 
a substantially improved magnet is obtained. It is be 
lieved, once again, that this permits freedom of motion 
of the magnetic particles and the respective domains of 
the magnetic particles positioned within the elastomeric 
material 23. The A.C. and D.C. can be controlled by 
a switching controller 127 which can control a signal so 
as to ?rst cause the A.C. sources 125 and 126 to be simul 
taneously switched on and then subsequently turn off 
these soucres and turn on the D.C. sources 115 and 116. 
Through the use of high speed electrical switching, it is 
possible to switch these devices fast enough to agitate the 
portion of material 23 by the A.C. magnetic while it is 
undergoing mechanical deformation and still have su?‘ici 
ent time to correctly the orient and align the magnetic do 
mains of the magnetic particles positioned within material 
23 by a D.C. magnetic ?eld. Controller 127 could be a 
well known switching apparatus, i.e., a step switch ar 
rangement or a ring counter. It is to be understood that 
the windings as shown in FIG. 5 are merely illustrative 
and it is therefore to be understood that as long as the 
D.C. lines of force are formed as shown in FIG. 5 (by 
the arrows), the B ?eld will be at a maximum and there 
will be no substantial bucking of the B ?elds provided by 
each of the electromagnetics. It has also been discovered 
that instead of using a sequential pulsing of A.C. and D.C. 
to ?rst agitate then orient the particles, it is possible to 
effect agitation and simultaneous orientation by super 
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imposing a small A.C. signal upon the D.C. magnetic ?eld. 
This can be accomplished by turning on the A.C. sources 
125 and 126 and the D.C. sources 115 and 116 simultane 
ously to thereby superimpose a small A.C. signal upon 
the D.C. signal, thereby causing a pulsating D.C. to both 
agitate and simultaneously orient and align the domains 
to produce a highly e?icient magnetic material. 

In FIG. 6 there is shown an additional alternate em 
bodiment wherein the strip of material 23' is mechanically 
deformed at a plurality of stations (two stations in this 
instance), by rollers 140 and 141 and then rollers ,142 and 
143. By passing material 23 through said rollers at a 
signi?cantly high rate of speed, it is possible to apply an 
A.C. magnetic ?eld by the electromagnets 150 and 151 
actuated by A.C. source 160 and subsequently by elec 
trogmagnets 152 and 153 coupled to a D.C. source 170, 
to orient and align the magnetic particles within the ela 
stomeric material. The A.C. ?eld once again is used to 
agitate and give the magnetic domains a degree of free 
dom of motion, while it is undergoing mechanical defor 
mation and then the D.C. ?eld is used to align and orient 
the magnetic particles. 

Since many changes could be made to the above de 
scribed construction and method and many apparently 
widely different embodiments of the invention could be 
made without departing from the scope thereof, it is 
maintained that all matter contained in the above descrip 
tion or shown in the accompanying drawing should be in 
terpreted as illustrative and not in a limiting sense. 
What is claimed is: 
1. The method of producing continuous lengths of solid 

polymeric magnetic strip wherein the elemental magnets 
of the strip are substantially oriented in the same polar 
direction, comprising the step of cold rolling a moving 
solid polymeric strip having magnetizable particles dis 
persed therein while simultaneously applying an aligning 
and polarizing magnetic ?eld providing unidirectional 
lines of force through the same portion of the strip being 
cold rolled. 

2. The method according to claim 1, wherein the mag 
netic ?eld is provided by an electromagnet and wherein 
the electromagnet is in a ?xed position with respect to 
the moving strip. 

3. The method of making continuous lengths of solid 
polymeric magnetic strip wherein the elemental magnets 
of the strip are substantially oriented in the same polar 
direction, which comprises cold rolling a moving solid 
polymeric strip having magnetizable particles dispersed 
therein to reduce the thickness of the strip ‘while simul 
taneously applying an aligning and polarizing magnetic 
?eld providing unidirectional lines of force through the 
same portion of the strip being cold rolled. 

4. The method of preferentially aligning and polariz 
ing a plurality of magnetizable particles dispersed within 
a solid polymeric matrix strip, comprising cold rolling a 
portion of the strip while applying polarizing and align 
ing magnetic ?eld to the same portion of the strip being 
cold rolled. ' 

5. The method according to claim 4, in which the mag 
netic ?eld is provided by an electromagnet. 

6. The method according to claim 4, in which the strip 
portion is reduced in thickness by the cold rolling step. 

7. The method according to claim 4, in which the 
magnetizable particles are selected from the class consist 
ing of barium ferrite, strontium ferrite and lead ferrite. 

8. The method of preferentially aligning and polariz~ 
ing a plurality of magnetizable particles dispersed within 
a solid polymeric matrix strip, comprising cold rolling a 
portion of said strip while applying thereto ?rst an alter 
nating magnetic ?eld and then a polarizing and aligning 
magnetic ?eld. 

9. The method of preferentially aligning and polariz 
ing a plurality of magnetizable particles dispersed within 
a solid polymeric matrix strip, comprising cold rolling a 
portion of said strip while applying thereto an aligning 
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and polarizing magnetic ?eld having a small pulsating 2,999,271 
magnetic ?eld component superimposed thereon. 3,051,988 
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