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MAGNETIC SUBSTRATES WITH HIGH
MAGNETIC LOADING

There remains a need in the art for an improved magnetic
composition Which can be applied in such a Way that the

production process of such ?exible magnets can be simpli
?ed.

CROSS-REFERENCE TO RELATED U.S.
APPLICATIONS

SUMMARY OF THE INVENTION

This is a continuation-in-part of Us. patent application
Ser. No. 09/990,109 ?led Nov. 21, 2001 noW U.S. Pat. No.

In general, the present invention relates to methods and

7,128,798 Which claims priority from Us. provisional
patent application No. 60/253,191 ?led Nov. 26, 2000, both

compositions for making magnetic, printable assemblies that

of Which are incorporated by reference herein in their

Will self-adhere to a magnetically attracted surface.
In one aspect, the present invention relates to a unitary

entirety.

process of making a magnetic, printable assembly in Which
at least one magnetic layer may be directly formed and
FIELD OF THE INVENTION

joined to a printable layer Without the use of an additional

adhesive layer. The adhesion betWeen the magnetic layer
The present invention relates to methods and composi

and the printable substrate is su?icient so that no additional

tions for making a magnetic, printable assembly that Will

adhesive is required. The process alloWs for formation of the

self-adhere to a magnetically attracted surface, and articles
made therefrom.

magnetic layer and joining of the magnetic layer to a
printable substrate during a single process. The formation
20

BACKGROUND OF THE INVENTION

suf?cient to provide the magnetic layer in pliable or plastic
form.
The process may further include a magnetiZation step

Flexible permanent magnetic materials are often supplied
in the form of sheets or rolls and have been commercially
available for many years. These materials are typically

Which may be accomplished either When the magnetic layer
25

is at an elevated temperature, or When it has cooled to

30

ambient temperatures.
The process involves application of the magnetic layer
directly to the printable substrate at elevated temperatures
Wherein the magnetic layer is pliable and or in a plastic form.
The present invention further relates to improved mag

prepared by mixing a poWdered ferrite material With a
suitable polymeric or plastic binder into a uniform mixture.
The polymeric materials are often elastomers, and the pro
cess is therefore typically accomplished through the use of
sheet extrusion or calendering. The mixture is converted into

strip or sheet form, providing a permanent stable product
that is usually someWhat ?exible, and that can readily be
handled and made into elements of any desired shape by

netic compositions Which may be employed in the process as

described herein. The magnetic layer includes from about 70
Wt-% to about 95 Wt-% of at least one magnetic material and
about 5 Wt-% to about 30 Wt-% of at least one thermoplastic

cutting and/or stamping.
The magnetic material is permanently magnetiZed so that

and joining are accomplished at an elevated temperature

35

the resulting elements can act individually as permanent

material. Such compositions may also be employed in other
processes as Well.

magnets, the magnetic ?eld being of sufficient strength that

In one embodiment of the present invention, the magnetic

they Will adhere to a magnetically attracted surface, such as

material has the general formula M2"O6Fe2O3 (MFel 2019)

the surface of an iron or steel sheet, even through a sheet of

paper or thin cardboard. Many magnetic materials and the
resultant sheet materials are typically inherently dark in

40

color and it is therefore usual to attach these magnets to a

printable substrate such as paper or plastic by gluing. It is
therefore to the paper or plastic that the decorative pattern
and/or other information may be printed. A popular appli
cation of such materials is thin, ?at magnets having on their

45

cally attracted surface such as a refrigerator, ?le cabinet, or
other surface Where they may be used as reminders and are
often used to hold sheets of paper such as notes, recipes,
lists, children’s artwork, reminders, and so on.

printable substrate layer as described in Us. patent appli
cation Ser. No. 09/990,109, the entire content of Which has
50

In another aspect, the present invention relates to a

magnetic layer having dimensions of thickness, Width aid
55

In the usual manufacture of these items, multiple produc

layer.

length, and at least one printable substrate layer having
dimensions of thickness, Width and length. Applied betWeen
the magnetic assembly and the printable substrate layer is an
adhesion promoting composition for improving the adhesion

betWeen the magnetic layer and the printable substrate layer.
60

magnetic material and the printed matter are joined through
the use of an adhesive layer. Alternatively, the printer may
purchase or otherWise obtain magnets and then join the
printed matter to the magnets through the use of an adhesive
layer, or may have both pieces shipped to a third party Where
the pieces may be joined through the use of an adhesive

been incorporated by reference herein.
method of forming a magnetic assembly having at least one

ers are involved in the process. For example, a printer
produces the printed matter on Wide Web presses or indi

vidual sheets. If in Web form, the Web is cut into individual
sheets and then shipped to a magnet manufacturer Where the

employed. As such, in another aspect, the present invention
relates to methods and compositions for promoting or
improving the adhesion betWeen a magnetic layer and a

outer surface a decorative pattern and/ or promotional infor

mation, including advertisements in direct mailings, neWs
paper inserts, and so forth, box toppers, coupons, business
cards, calendars, greeting cards, postcards, and so forth.
These magnetic pieces may then be placed on a magneti

Where M is a divalent metal. Suitably, M is barium, stron
tium or lead. In some embodiments, the polymeric binder
includes at least one amorphous polypropylene.
While the present invention has the advantage that no
additional adhesive layer is required, this is not to say that
in some embodiments, an adhesive may be advantageously

This composition may be an adhesive composition, a primer
composition, a tie layer, or any such composition knoW to
improve adhesion betWeen tWo surfaces Which is knoWn in
the art.

The method includes the steps of providing a magnetic
composition including about 70 Wt-% to about 95 Wt-% of
65

at least one magnetic material and about 5 Wt-% to about 30

Wt-% of at least one thermoplastic binder, forming the
magnetic composition into a magnetic layer at an elevated

US 7,338,573 B2
3

4

temperature and directly applying the magnetic layer to a

FIG. 4a is a perspective vieW of the magnetic label
assembly of the present invention shoWn provided on an
article.

printable substrate layer at an elevated temperature. In some

embodiments, an adhesion promoting layer may be provided
betWeen the magnetic layer and the printable substrate layer
for improving adhesion betWeen the magnetic layer and the

FIG. 4b is an alternative embodiment to that shoWn in

FIG. 4a in Which the magnetic assembly is further provided

printable substrate layer.

With an overlaminate.
FIG. 40 illustrates an alternative embodiment to that

The adhesion promoting composition may be provided in
any of a variety of Ways. The adhesion promoting compo

shoWn in FIG. 4a in Which an adhesion promoting layer is

sition may be applied to the printable substrate layer using

employed.

any method knoWn in the art. The adhesion promoting
composition may be pre-applied to Webs or sheets of print
able substrate layer prior to running the Web or sheet on-line

bly of the present invention in Which individual pieces may

FIG. 5 illustrates an embodiment of the magnetic assem

be produced from a sheet or Web material.
FIG. 6 illustrates an alternative embodiment as that shoWn

Wherein the magnetic layer is applied, or the adhesion

promoting composition may be advantageously applied in

in FIG. 5 in Which the magnetic layer is located in discrete

line With the magnetic layer. If the adhesive is pre-applied,

areas along the Web or sheet of printable substrate.
FIG. 7 is a perspective vieW of an embodiment of the
present invention in shoWing a collection of a plurality of

it may be necessary to provide a release liner until applica
tion of the magnetic layer, particularly if the adhesive is a
pressure sensitive adhesive, for example.

individual magnetic assemblies.

If the adhesion promoting composition is applied on-line,
it may also be applied to the magnetic layer. In one embodi

FIG. 8 illustrates one embodiment of the magnetic assem
20

ment, the adhesion promoting composition is coextruded
With the magnetic composition and both are applied simul

FIG. 9 illustrates an alternative embodiment of the mag

netic assembly of the present invention.

taneously to the printable substrate layer at an elevated

temperature.
In another embodiment, the magnetic composition may be

FIG. 10 illustrates another alternative embodiment of the

magnetic assembly of the present invention.
25

extruded While the adhesion promoting composition is

sprayed either prior to the magnetic composition exiting

liner and an overlaminate.
30

spray application may employ Water based and other solvent
based compositions as Well because the temperature of the
composition does not necessarily have to be elevated When
35

sition to the printable substrate layer may occur only sec
40

magnetic composition if describing application to a Web of

printable substrate layer, for example.
In another embodiment, the adhesion promoting compo
sition is pre-applied to the printable substrate layer. For
some adhesion promoting compositions, this may also

45

involve having a release liner over the adhesion promoting

composition. For example, if the adhesion promoting com
position is a pressure sensitive adhesive, for example, Which
is sticky or tacky to the touch, a release liner may be required
for such a pre-application. Pre-application may refer to only
minutes or hours prior to application of the magnetic layer,

DETAILED DESCRIPTIONS OF THE
PREFERRED EMBODIMENTS

This invention may be employed in combination With
embodiments described in US. patent application Ser. No.
09/990,109, the entire content of Which has been incorpo
rated by reference herein.
The present invention relates to a novel method of making
a printable, magnetic assembly, and to a magnetic compo
sition and articles made therefrom.

The magnetic substrate layer may suitably include about
50

or it may further involve shipping and/or storage of the
printable substrate layer as Well.
55

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional sidevieW of the magnetic

assembly of the present invention.
FIG. 1a illustrates the magnetic assembly of FIG. 1
further having an adhesion promoting layer.

magnetic assembly of the present invention.
FIG. 15 is a top doWn vieW of the embodiment shoWn in
FIG. 14.

onds prior to application of the magnetic layer.
One of ordinary skill in the art may also describe such an
application as occurring only inches or feet before the

FIG. 12 is a top doWn vieW of the embodiment shoWn in
FIG. 11 in Which the overlaminate further includes perfo
rations.
FIG. 13 shoWs the embodiment described in FIGS. 11 and
12 in sheet form.
FIG. 14 is a sidevieW of an alternative embodiment of the

using spray applications.
In another embodiment, the adhesion promoting compo
sition is applied using a second die head, noZZle, slot, or the
like Wherein application of the adhesion promoting compo

FIG. 11 is a sidevieW of one embodiment of the magnetic

assembly of the present invention further including a release

from the die head, or just after the magnetic composition
exits the die head. While coextrusion advantageously

employs a thermoplastic adhesion promoting composition,

bly of the present invention.

60

70 Weight % to about 95 Weight %, more suitably about 75
Wt-% to about 95 Wt-%, even more suitably about 75 Weight
% to about 92 Weight %, and most suitably about 80 Wt-%
to about 90 Wt-% of a magnetic material, and suitably about
5 Wt-% to about 30 Wt-%, more suitably about 5 Wt-% to
about 25 Wt-%, even more suitably about 8 Wt-% to about 20
Wt-% and most suitably about 10 Wt-% to about 15 Wt-% of

a polymeric binder. The magnetic material is uniformly
dispersed in the polymeric binder.
As used herein, the term “magnetic” (When applied to a
substrate, article, object, etc.) shall refer to any material
Which exhibits a permanent magnetic behavior or is readily

FIG. 2 illustrates an embodiment of the present invention
in Which the magnetic layer is found in a discrete location on

permanently magnetiZed.

a printable substrate layer.

herein include the ferrites having the general formula (M2+

Magnetic materials Which are particularly suitable for use

layer is substantially equal in length and Width to the

O6Fe2O3) MFelzOl9 Where M represents Ba or Sr.
Other examples of magnetic materials suitable for use

printable substrate layer.

herein include a rare earth-cobalt magnet of RCO5 Where R

FIG. 3 illustrates an embodiment in Which the magnetic
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is one or more of the rare earth elements such as Sm or Pr,

mixtures thereof. Where appropriate, copolymers of the
above described materials also fund utility herein.
Examples of polymers useful herein may be found in US.
Pat. No. 6,262,174 incorporated by reference herein in its

yttrium (Y), lanthanum (La), cerium (Ce), and so forth.

Other speci?c examples of magnetic materials include,
for instance, manganese-bismuth, manganese-aluminum,

entirety. Polymeric compositions exhibiting high hot tack

and so forth.

have been found to be particularly suitable for use herein.
Hot tack is a term of art knoWn to those of ordinary skill.

The method of the present invention is not limited to any

particular magnetic material, and the scope of the invention

Examples of commercially available non-elastomeric
polymers include EnBA copolymers available from such

is therefore not intended to be limited as such. While the

above described materials ?nd particular utility in the pro

companies as Ato?na under the tradename of LOTRYL®,
from ExxonMobil under the tradename of ESCORENE®,
from Du Pont de Nemours & Co. under the tradename of
ELVALOY®; EMA copolymers available from ExxonMobil

cess of the present invention, other materials Which are

readily permanently magnetized may also ?nd utility herein.
The magnetic composition suitably includes about 70
Wt-% or more of the magnetic material as to have a suf?cient

attractive force for practical uses. HoWever, it is usually
impractical to employ more than 95 Wt-% of the magnetic
material because of production concerns, and also because
of the di?iculty of retaining more than this in the binder
material. Further-more, including more than about 95 Wt-%
of the magnetic material may lead to a rougher surface. The
magnetic material is often supplied in a poWder form.
The magnetic strength of the ?nished product is a function
of the amount of magnetic material or poWder in the mix, the

surface area, thickness, and method of magnetiZation (eg
whether it is aligned or not).
The thermoplastic material, often referred to in the indus

under the tradename of OPTEMA®; EVA (ethylene vinyl
acetate) copolymers are available from Du Pont under the
tradename of ELVAX® and from Equistar under the trade
name of ULTRATHENE® to name only a feW. In one

embodiment, the thermoplastic binder includes an ethylene
vinyl acetate copolymer. One example of such a copolymer
20

includes at least one polyole?n or polvalphaole?n, or a

copolymer or terpolymer thereof Examples of useful poly
25

as described in detail beloW. Such thermoplastic materials

lene terpolymers; isotactic polyalphaole?ns; and linear or
30

include both thermoplastic elastomers and non-elastomers

and the adhesion obtained betWeen the thermoplastic com

ene and 4-methyl-l-pentene and so forth. In some embodi
35

ments, it may be preferable to employ a small amount of

40

another polymer in combination With the polyalphaole?n
such as maleic anhydride grafted polymers Which have been
used to improve Wetting and adhesion. Other chemical
grafting can be used, but maleic anhydride is by far the most
common. Usually only a feW percent in grafting (l-5%) are

position and the printable substrate.
Examples of thermoplastic elastomers suitable for use
herein include, but are not limited to, natural and synthetic

rubbers and rubbery block copolymers, such as butyl rubber,

neoprene, ethylene-propylene copolymers (EPM), ethylene

propylenediene polymers (EPDM), polyisobutylene, polyb
utadiene, polyisoprene, styrene-butadiene (SBR), styrene
butadiene-styrene (SBS), styrene-ethylene-butylene-styrene
(SEBS), styrene-isoprene-styrene (SIS), styrene-isoprene
(SI), styrene-ethylene/propylene (SEP), polyester elas

used and most tend to be ethylene or propylene copolymers.
The terms “polyole?n” and “polyalphaole?n” are often
used interchangeably, and in fact, are often used inter

changeably to describe amorphous polypropylenes (homo-,
45

tomers, polyurethane elastomers, to mention only a feW, and
so forth and mixtures thereof. Where appropriate, included
Within the scope of this invention are any copolymers of the
above described materials.

50

Examples of suitable commercially available thermoplas

polypropylene, polybutylene and copolymers and terpoly

As used herein, the terms “copolymer” and “interpoly
different comonomers, e.g. copolymer, terpolymer, and so
forth.
55

Examples of commercially available amorphous polyole
?ns suitable for use herein include those available under the

tradename of REXTAC® from Huntsman Polymers includ

ing polypropylene homopolymers, propylene/ethylene
copolymers and propylene-butene copolymers; VESTO
60

PLAST® APAOs available from Hills including homopoly

65

mers and copolymers, as Well as terpolymers of propylene/
ethylene/butene; as Well as those available from Rexene and
those available under the tradename of EASTOFLEX®
from Eastman Chemical Co. in Kingsport, TN.
Examples of copolymers of a polyole?n and at least one

(EVA), ethylene n-butyl acrylates (EnBA), ethylene methyl
(meth) acrylates including ethylene methyl acrylates
(EMA), ethylene ethyl (meth) acrylates including ethylene
ethyl acrylates (EEA), interpolymers of ethylene With at

The term “alpha” is used to denote the position of a
substituting atom or group in an organic compound.
mer” shall be used to refer to polymers having tWo or more

mers thereof such as ethylene vinyl acetate copolymers

least one C3 to C20 alphaole?n, polvamides, polyesters,
polvurethanes, to mention only a feW, and so forth, and

co- and terpolymers). For a detailed description of such
materials, see US. Pat. No. 5,482,982, US. Pat. No. 5,478,
891 and US. Pat. Nos. 5,397,843, 4,857,594, each ofWhich

is incorporated by reference herein in its entirety.

tic elastomers such as SBS, SEBS, or SIS copolymers
include KRATON® G (SEBS or SEP) and KRATON® D

(SIS or SBS) block copolymers available from Kraton
Polymers; VECTOR® R (SIS or SBS) block copolymers
available from Dexco Chemical Co.; and FINAPRENE®
(SIS or SBS) block copolymers available from Ato?na.
Some examples of non-elastomeric polymers include, but
are not limited to, polyole?ns including polyethylene,

substantially linear interpolymers of ethylene and at least
one aipha-ole?n including, for instance, ethylene and

l-octene, ethylene and l-butene, ethylene and l-hexene,
ethylene and l-pentene, ethylene and l-heptene, and ethyl

or any mixture thereof.

The thermoplastic composition may be selected based on,
for one, the type of printable substrate Which is being used,

ole?ns include, but are not limited to, amorphous (i.e.

atactic) polyalphaole?ns (APAO) including amorphous pro
pylene homopolymers, propylene/ethylene copolymers, pro
pylene/butylene copolymers and propylene/ethylene/buty

try as a thermoplastic binder, suitable for use in the process

of the present invention may include any polymeric material
that is readily processable With the magnetic material on, for
instance, the thermoplastic or hot melt processing equipment

is ELVAX® 210 a 28% vinyl acetate, 400 melt index
copolymer available from Du Pont de Nemours & Co.
In some embodiments of the present invention, the binder

alpha-ole?n include metallocene catalyZed polyole?ns (in
terpolymers of ethylene and at least one alphaole?n) com

US 7,338,573 B2
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mercially available from ExxonMobil under the tradename
EXXACT®, and from DuPont DoW Elastomers under the
tradename ENGAGE®, and from DoW under the tradename

metallic substrates it may be desirable that the magnetic

layer and printable substrate layer do not pull apart easily, or
do not delaminate.

Bond strength betWeen the magnetic layer and the print

AFFINITY®.

able substrate may be tested using 180° or 90° peels for
instance, as is knoWn in the art. Such methods may be found
under the ASTM testing methods. The amount of force
required to peel the substrates apart Will vary depending on
the end use and the printable substrate. For some applica
tions a peel force of about 200 to 400 g/inch is adequate and
400 to 450 g/inch an upper limit, While for some, the peel
strengths may be upWards of 1000 to 1500 g/inch or more.

In one particular embodiment, the binder is an amorphous
polyalphaole?n available from Eastman Chemical Co. under

the tradename of EASTOFLEX®. Amorphous polyalpha
ole?ns When used in combination With the magnetic material
have been found to provide excellent adhesion to the print
able substrate Without the need for further formulation.
However, some polymeric materials may require the addi
tion of tackifying resins, plasticizers, and so forth to provide
adequate adhesion. The addition of loW molecular Weight
plasticizers and/or tackifying resins can also improve the

For instance, for thermosetting polymeric compositions,
peel strengths are up to 1000 or 1500 g/inch or higher.

It is desirable that the resultant magnetic composition

processability of the composition as Well by changing rheo
logical properties and/or loWering the melt viscosity of the

have little or no surface tack under ambient temperatures.

Some compositions maybe shear rate sensitive exhibiting
Bingham plastic ?oW. ln hot melt application, viscosity can

composition.
Any of the polymeric materials useful herein may be used
in combination With one another. Furthermore, other poly
meric materials not speci?cally described herein also ?nd
utility in the present invention. The list described above is
intended for illustrative purposes only, and is not intended to
limit the scope of the present invention. One of skill in the
art Would understand that there are vast numbers of poly

be as loW as 4000 cps at 300° F. (about 150° C.) or as high
20

25

meric materials available that may ?nd utility herein.
Tackifying resins are available from numerous sources

including many of the companies described above, and
include, for instance, hydrocarbon tackifying resins such as
those available from Eastman Chemical Co. Linder the

30

tradename of EASTOTAC®; ESCOREZ® petroleum
hydrocarbon resins available from Exxon Mobil; PICCO
TAC® and PICCOLYTE® polyterpene resins available
from Hercules; FORAL® hydrogenated rosins and rosin
ester resins available from Hercules; WINGTAC® petro

as 200,000 cps at 300° F. (about 150° C.). Because tem
perature is a signi?cant factor, it is not uncommon for
extrusion coating to occur at temperatures of as high as
about 600° F. to about 650° F. (about 315° C. to about 345°

C.) melt temperatures. The temperature at Which the mag
netic composition is applied to the substrate may be quite
different from the temperature inside the extruder.
The magnetic composition after exiting the extruder and
the application head, and thus after formation, i.e. shaping,
of the magnetic layer, may have cooled to a substantial
degree at the time of application of the noW formed magnetic

layer to the printable substrate layer. HoWever, the magnetic
composition should remain at an elevated temperature high
enough to achieve an adequate bond betWeen the magnetic

layer and the printable substrate layer.
35

leum hydrocarbon resins available from Goodyear;

The magnetic material and the thermoplastic binder and/
or other ingredients are blended at elevated temperatures

REGALREZ® hydrocarbon resins and REGALITE®
hydrogenated aromatic resins available from Hercules Inc.;

using standard thermoplastic mixing equipment such as
extruders, Baker Perkins, Banbury mixers, single or tWin

and so on and so forth.

screW e*tfadefs extruders, Farrell Continuous mixers, and
PlasticiZers are available from many sources and include 40 high shear mixing equipment.

plasticiZing oils, for instance. PlasticiZing oils are often
petroleum based and are available from various petroleum

The mixture may be compounded and made into a form,
such as slats, pellets or any form knoWn in the art suitable

companies.
Waxes may also be optionally added to the compositions
to loWer the melt viscosity and/or change rheological char
acteristics.
Other optional ingredients include, but are not limited to,
antioxidants, dyes or pigments, UV agents, and so forth.
Such optional ingredients are knoWn to those of skill in the
art and are typically added in loW concentrations Which do
not adversely affect the physical characteristics of the com

45

such as a slot die, rotary screen head, or other such appli
50

position.
The list of materials described above is intended for
illustrative purposes only, and is by no means exclusive of

55

the materials Which may be employed in the magnetic
composition herein, and as such is not intended as a limit on

the scope of the invention herein.

The amount of adhesion required betWeen the printable
substrate and the magnetic composition Will vary depending
on application, and on the printable substrate employed. It
may be desirable that the magnetic composition have suf
?cient adhesion to remove ?ber from the printable substrate
if it is, for instance, paper. Lack of ?ber transfer may not
alWays be indicative of poor adhesion hoWever. For
instance, a lack of delamination may be adequate as Well.
For other types of substrates such as fabrics, plastics or

for feedstock for extrusion or other melt processing equip
ment, Which is then delivered to the coating company. The
coating company may then use a high pressure single screW
extruder, or other processing equipment to melt and pres
suriZe the mixture, to force it through an application head
cation head, at the coating station. Thus, the extruder or

other hot melt equipment supplies the resultant magnetic
composition directly to the application head. During extru
sion or other melt processing of the magnetic composition,
the temperature may be high enough that the composition is
considered to be molten, i.e. in melted or liquid form.
In an alternative embodiment of the present invention,
various ingredients may be supplied to the extruder in
individual pellets, slats, and so forth. For instance, if more

than one thermoplastic binder material is employed, they do
60

not have to be supplied as a mixture already in pellet or slat

form. They may each be supplied in pellet or slat form

individually, for example.
Coating companies can use a variety of application pro
cesses knoWn in the art. Examples of application processes
65

useful in applying the magnetic composition to the printable
substrate include, but are not limited to, slot die coating, roll
coating or reverse roll coating, knife-over-roll gravure and
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reverse direct gravure, Wire rod coating, air-knife coating,

In some embodiments, the magnetic compositions accord
ing to the present invention can be formed into the magnetic
layer in ?nal form at temperatures suf?cient to provide
adequate Wetting and adhesion betWeen the magnetic com
position and the printable substrate, Without the use of an
adhesive layer. Of course, the adhesion Will also depend on

slot-ori?ce coating, screen printing With a hot screen, and so

forth.
In one embodiment of the present invention, slot die
coating is used in combination With a single screW extruder.
In another embodiment of the present invention, a method
referred to in the industry as ?ex-o-press is employed. The
tern “?ex-o-press” as used herein, generally refers to a four
roll coating method by Which a ?rst roll Which is heated, and
typically turns at a speed Winch is half of the second roll.
The second roll carries the thermoplastic/magnetic mixture.
A third roll is a roll-plate roll Which is a silicone rubberized
roll and may have a patterned surface With raised areas for

the binder composition selected as Well as the type of

printable substrate employed. Some binder compositions
Will provide better adhesion than others and some Will
exhibit less adhesion, particularly if the substrate to be
bonded to is dif?cult, as in the case of heavily coated or

lacquered paper, for example. Thus, for some compositions
and/or printable substrates, it may be bene?cial to add an

adhesive layer.

application of the magnetic composition of the present

The substrate to Which the magnetic composition may be
joined using the process of the present invention may be any

invention to the printable substrate in a predetermined
pattern. This roll comes into light contact With the second
roll and then transfers the thermoplastic/magnetic mixture to
a fourth roll. See Roll Coating by R. T. Schorenberg, Modern

Plastic Encyclopedia, 1984-1985, pp. 202-203, Which is
incorporated herein by reference in its entirety. Another
useful reference is Coatings Technology Handbook, 2nd
Edition, Satas and Tracton, Marcel Dekker, Inc., 2001 also
Which is incorporated by reference herein in its entirety.
Desirably, the processing equipment includes a chill roll for
increasing the speed With Which the resultant magnetic

suitable printable substrate, including, for example, paper
and paper products, pasteboard, plastic or polymeric mate
rials, metal, release liners such as silicone release liner,
20

release liner may be employed in combination With another
printable substrate, one on each side of the magnetic layer,
for instance. The magnetic assembly Which includes the
25

The application temperature required may depend on
numerous factors including the melting temperature of the

thermoplastic binder, the viscosity of the resultant magnetic
30

or higher. Previous methods, in contrast, alloWed line speeds
of only about 40-80 feet per minute. The present invention
thus alloWs line speeds that are much faster than currently
used methods. The line speed may be limited by the capacity
of the extruder or other application equipment employed in
the present method, as Well as by the type and siZe of the die,
noZZle, or other application head employed, the pressure
skill in the art.

the magnetic composition. This of course also depends on

the application equipment being employed. In general, ther
40

Any method Which alloWs the direct application of the
thermoplastic, magnetic composition at an elevated tem
perature When it is iiia pliable or When it is in its plastic form
to the printable substrate may be employed herein. Using the

method of the present invention, the magnetic thermoplastic
composition can be directly adhered to the desired substrate

additional adhesive layer. Thus, the resultant magnetic layer
a unitary or single process.

50

Previous methods, in contrast, require the formation of the

magnetic layer, the cutting of the magnetic layer, and then
bonding the magnetic layer to the substrate through the use
of an additional adhesive layer to form the magnetic assem

55

bly Which is thus done using multiple processes. The mag
netic layer is supplied either in roll form, or in pre-cut form
in their desired shapes as required by the purposes for Which
formation of the entire magnetic assembly in one process.
Thus, the present invention provides a more ef?cient process
over previous methods.
Using the method of the present invention, the mixture of
binder and magnetic material is applied to a printable
substrate at an elevated temperature Wherein the thermo

plastic binder is in a pliable or plastic form.

temperatures lead to more rapid degradation of the material.
An often used application temperature range is about 325° F.
to about 375° F. (about 160° C. to about 190° C.), With 350°
F. (about 175° C.) being very common. In one embodiment
of the present invention, polypropylene is used and may be

applied at temperatures of over 400° F. (205° C.). Yet, using
extrusion techniques polyethylene is commonly extruded at
above 600° F. (306° C.) at high speeds.
The temperature should be suf?cient to loWer the viscos

ity of the thermoplastic material to alloW the thermoplastic
material to suf?ciently adhere to the printable substrate. This

the magnetic layer is to serve and then bonded to the pintable

substrate layer. The present invention, in contrast, alloWs the

moplastic materials are applied at temperatures of about
275° F. to about 375° F. (about 135° C. to about 190° C.),
although some may be applied at higher or loWer tempera
tures. For instance, very loW viscosity thermoplastics may
be applied at temperatures of as loW as about 190° F. (about
90° C.). Some may be applied at temperatures as high as
about 400° F. (about 205° C.), or higher, for instance
polyamide materials are often applied at temperatures of
about 400° F. Temperatures used, can even exceed 650° F.,

hoWever. HoWever, for most thermoplastic materials higher

in any desired shape or form Without the need for an

is both formed and joined to the printable substrate layer in

composition, and so forth. The melting temperature and
viscosity may vary depending not only on the type of binder
used, but on the various other ingredients Which may be
employed in the magnetic composition as described above.

The higher the viscosity or melting temperature, the higher
the temperature that may be required to successfully apply

used, the viscosity of the magnetic composition, and the
temperature of application as is knoWn to those of ordinary

printable substrate and the magnetic layer may then be
removed from the release liner at the point of use.

composition, including at least the magnetic material and a
thermoplastic binder, cools and sets. This is advantageous
for more rapidly processing the resultant composition into
rolls or sheets, for instance.
Line speeds may vary anyWhere up to 500 feet per minute

textiles or fabrics, and so forth. Combinations of any of the
substrates may also be employed. In some embodiments, a

may involve penetration into, or “Wet out” of the substrate
60

surface to Which it is being applied. The thermoplastic
material must be suf?ciently adhered to the substrate so that
delamination from the substrates does not occur.

Using the method of the present invention, the resultant
magnetic composition may be advantageously applied in a
65

thin layer of about 0.002 inches to about 0.030 inches (about
50p to about 765p; about 2 mils to about 30 mils), suitably
about 0.002 inches to about 0.020 inches (about 50p, to

