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The present invention relates to a process for adhering a powder to a substrate. The process includes the steps of: a) providing an
oscillating magnetic field, b) continuously introducing into the magnetic field coating material, a substrate, and a means of affixing the
coating material to the substrate by forming a fluidized bed of at least the coating material and providing sufficient force to cause the coating
material to adhere to the surface of the substrate, and c) continuously collecting the coated substrate.
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PROCESS FOR MAKING PARTICLE-COATED SOLID SUBSTRATES

Field of the Invention

The present invention relates to process for making various substrates
having particulate coatings thereon formed by utilizing magnetic forces to propel

the particulate onto the substrate.

Background of the Invention

Powder coating is a relatively simple process that has some strong
economic advantages in two broad application areas and some limitations in each
of the areas. Powder coating involves the affixing of a powder, previously
selected for its property enhancing feature and finely ground, onto the surface of a
substrate to be coated as a layer of powder and then, if a continuous coating is
desired, subjecting the powder coated substrate to heat which melts the powder
layer, allows it to flow, and fuses it into a continuous coating. Powder coating is a
dry process that has significant energy and labor cost reductions, high operating
efficiencies, and environmental safety advantages over liquid coating processes
because the powder coating process does not require a volatile carrier for the
purposes of coverage and flow. Powder coating is used in two broad application
areas, applying coatings onto large surfaces and applying powder onto particulate
substrates. Different powder coating methods to adhere the powder to the desired
surface are used in the different areas.

There 1s a large demand to apply decorative finishes and protective
coatings onto metal surfaces. Large area powder coating is an economical and
environmentally safe method of applying coatings such as these. Achieving
adhesion of the powder onto the surface of the substrate is usually done using a
fluidized bed, plastic flame-spraying, or electrostatic spraying.

In the fluidized bed method, the thermoplastic or thermoset powder is

placed in a suitable container and fluidized. The part to be coated is heated and
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dipped into the bed of fluidized powder. Upon contacting the heated part, the
powder melts and adheres. However, particles less than about 100 um generally
do not fluidize well, parts are usually of metal so deformation will not occur with
heating, the powder is generally limited to thermoplastic materials, the container

must be full of fluidized powder, and the minimum coating thickness is typically

over 250 pum.

In plastic flame-spraying, the thermoplastic powder is transported through
a combination air/propane flame held over a surface to be coated. The molten
powder contacts the surface and adheres. With this method, small and intricately
shaped parts are difficult to coat, coatings are limited to thermoplastic materials,
and the melting of a thermoplastic powder in a flame can degrade some polymers
and possibly cause the formation of hazardous gases.

In electrostatic spraying, a high voltage source is used to establish a stable
corona field in a powder spray gun. Powder particles are dispersed in an air
stream and passed through the corona discharge area where they become
electrostatically charged. The charged cloud is then directed to the grounded
substrate, to which each particle is drawn by the positive-negative electrical
attraction. However, generally only metal substrates can be coated, powder 1s
limited to thermoset materials, the maximum coating thickness is typically about
75 pm due to insulation of the metal surface and the electrostatic repulsive forces
as the powder layer grows, and intricately shaped surfaces are difficult to coat.

There is an increasing demand for surface modification by particulate
coating to improve such characteristics as flowability, dispersibility, wettability,
bulk density, color, and performances in electrical fields. There is also a desire to
save on usage of high priced and/or rare materials by bonding these materials onto
lower cost carriers, to create new composite particulate materials and to shorten
production steps and cycle times. Small area powder coating is an economical and
environmentally safe method of accomplishing these modifications. Applications
where small area powder coating is done include, for example, toners, cosmetics,

pharmaceuticals, dyes, paints, ink, ceramics, powdered metals, food flavors, fine
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chemicals, catalysts, electromaterials, and biochemical materials. Achieving
adherence of the powder to the surface of the core particulate is usually done by a
mechanical fusion method.

In mechanical fusion, powder and core particles are usually premixed in
predetermined ratios. The mixture 1s then fed into a chamber that may be heated.
Rapidly moving parts in the chamber collide with the powder and core particles,
causing them to collide at such velocities that they fuse to each other. Multiple
passes may be used to create a thicker coating layer on a core particle or multiple
different layers. Limitations include, excessive machine wear if the core particles
are abrasive, a tendency to fracture hard core particles or break fragile core
particles, difficulty in coating intricately shaped small articles, and difficulty in
coating continuous articles such as fiber tow.

Many of the limitations of the large area coating methods and the core

particulate powder coating method are overcome by coating magnetically

propelled particles onto solid substrates. The substrates can be simple or very

complex shaped articles of plastic, metal, or any hard material. The powders can
be plastic, metal, or inorganic material. The process involves placing a

preweighed amount of powder, small particulate magnetic elements and a

substrate to be coated in a confined space. The contents within the confined space

are subjected to a magnetic field of sufficient intensity to cause the small magnetic
elements to move and thereby cause the powder to impinge upon and to coat the
exposed surface. However, the process is a batch process the types of substrates
and powders that can be used are limited. Additionally, in many instances using a
white powder coating with small particulate magnetic elements results in coatings

that are discolored and/or blackened.

Summary of the Invention

The present invention provides a process for adhering a powder to a
substrate, comprising the steps of:

a) providing an oscillating magnetic field,
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b) continuously introducing into the magnetic

field coating material, a substrate, and a means of affixing

the coating material to the substrate by forming a fluidized

bed of at least the coating material and providing

pr—
——

ficient force to cause the coating material to adhere to

5  Ssu:

p—

the surface of the substrate, and

c) continuously collecting the coated substrate.

According to one aspect of the present i1nvention,

there 1s provided a process for adhering a coating material

g—
p—

10 to a substrate, comprising the steps of: (a) providing a

bipolar oscillating magnetic field, (b) continuously

introducing into the magnetic field the coating material and

THE substrate, in the presence of a means of affixing the

coating material to the substrate by fluildiziling at least the

15 coating material and providilng sufficient force to cause the

coating material to adhere to the surface of the substrate,

wherein a coated substrate 1s formed, and (c) continuously

collecting the coated substrate.

The affixing means may be provided by magnetic

20 elements or the magnetic character of the coating material

Jri- g

or substrate 1f magnetic. A unique feature of the present

o~

invention i1s the use of coated magnetic elements 1n the

process. These coated magnetic particles eliminate the

problem that 1s seen 1n the art, wherein a white powder
25 coating 1s coated using magnetic particles resulting 1n a

blackened or otherwlse discolored coating. Particularly

fr—

advantageous 1s the capability of separating the coated

substrates from the magnetic elements, during this

continuous pProcess.

30 Further, the affixing means also serves to

fluidize the coating material and the substrate when also
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particulate. 1In the present invention, a fluidized bed of

particles 1s formed. The fluidized bed may contaln only the
coating material where the coating material, which is
magnetic 1n character and the substrate to be coated is

5 linear. When the coating material 1s magnetic in character
and the substrate to be coated 1s particulate, the coating
material serves to provide the fluidized bed in the magnetic
field. Alternatively, when the substrate 1s particulate and
1s magnetlc 1n character, the substrate can serve to

10 fluidize both the substrate and the coating material. When

neither the coating material nor the substrate is magnetic

1n character, magnetic elements are provided to fluidize the

bed.

—

The process of the present invention 1s useful in

15 providing coatings which change the properties of the

surface of the substrate such as by increasing surface

gr—

roughness of substrate particles to 1mprove flowability,

modify surfaces to improve corrosion resistance, and to

provide particles having the characteristics of a high cost
20 material but reduce cost by providing the material only on
the outside of a particle. A particular advantage of the
continuous process of the present invention is the
uniformity of coating that 1s obtained as opposed to

coatings that
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are presently available in the current state of the art. The continuous process of
the present invention, while maintaining a consistent quality throughout is more
efficient for large scale coatings, as opposed to a small batch process.

Further, the process of the present invention is environmentally friendly as
no solvents are used in the coating process. Also the process does not require the
need for vacuum when metallic coatings are applied to polymeric substrates using
chemical vapor deposition or sputtering techniques.

Another advantage of the process of the present invention is the ability to
coat fragile substrates, such as glass beads, flakes and other substrates that would
be vulnerable to damage in similar processes presently available in the state of the
art. Because the present invention has solved the problem of how to continuously
coat articles, linear substrates, such a webs and the like can now be easily coated,
a process that in the present state of the art is time consuming, inefficient and has

a low yield.

~ Brief Description of the Drawing
Figure 1 1s a side view of a coating system of the present invention.
Figure 2 is a cross-sectional view of another coating system of the present

invention.

Figure 3 1s a cross-sectional view of another coating system of the present

invention.

Figure 4 1s a side view of another coating system of the present invention.

Description of the Preferred Embodiment(s)

Substrates useful in the present invention can vary widely. Substrates can
be fine particulates to continuous linear materials such as films, tows, wire, ropes
and twine, flexible tubing and fabrics. The configuration, i.e., upper limit as to
shape and size of the substrate is determined by the size of the oscillating magnetic
field that 1s generated and the size of the reaction vessel where one is used.

Particulate substrates can be as small as 0.1 pm in diameter, while continuous
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linear substrates can be a thin or fine as can be handled by the delivery and
collection systems used.

The substrates can be hard metallic materials such as wire screen and metal
tubing, relatively soft materials such as polymeric films and beads, corn starch,
epoxy powder and fabrics, hard fracturable materials such as solid glass beads and
roofing granules, abrasive particles such as heat treated or fused aluminum oxide,
silicon carbide, alumina, zirconia, silica, boron carbide, garnet, and combinations
thereof, and fragile materials such as hollow glass spheres, aluminum and mica
flakes, foams, and the like. Surprisingly, the process of the present invention can
be adapted to coat the fragile substrates with virtually no breakage. Also the
damage to the reaction vessel can be minimized when the substrate is an abrasive
material.

The surface character of the substrates can also vary from relatively
smooth such as in hollow glass spheres and metal tubing to relatively complex as
in screen and fabric.

Various coating materials can be applied to the substrates to serve a
variety of purposes. For example, substrate surfaces can be modified to change
the character of the surface from rough to smooth in order to improve the
flowability properties of particulate material such as abrasive particles or to
improve handling of a film during later processing. Coating materials can be
applied to substrates as protective barriers such as in the application of epoxy
compounds onto steel to prevent corrosion. Coating materials such as aluminum
oxide particles and phenolic powder can be applied to nonwoven thermoplastic
scouring material to increase the abrasiveness. Magnetic coatings such as iron
oxide can be applied to polymeric substrates such as polyester films to provide
magnetic recording media.

High cost coating materials can also be applied to low cost substrates to
achieve desired properties with cost benefits. For example, pigments and
reflective materials can be coated onto hollow glass spheres to provide desired

optical qualities. Fragile reactive coatings such as chelating agents, e.g., algae,
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can be applied to substrates to achieve desired reactive materials. Precious metals
such as gold, silver or platinum can be applied to substrates to achieve desired
aesthetic effects.

The process of the present invention can also reduce manufacturing costs

5 and provide environmental benefits. The process of the present invention uses no
solvents and is of benefit where solvent coating processes have typically been used
as 1n applying coatings to thermoplastic polymeric materials. Cobalt-doped
magnetic iron oxide and resin can be coated onto polymeric sheets to provide
magnetic recording media. Metallic coatings can be applied to various substrates

10  including polymeric substrates without the use of vacuum in the present invention
unlike other techniques now used..

The process of the present invention permits the use of particles much
smaller than those typically used in fluidized bed processes. Generally, particles
smaller than about 100 um have been difficult to successfully fluidize resulting in

15  bubbling and other nonuniformities in the fluidized bed. In the present invention, a
fluidized bed can be formed from coating material particles as small as 0.005 um
although coating material as large as S00 um can be fluidized as well. Thus, a
range of coating material particles of from about 0.005 um to 500 um can be used
in the present invention. Typically, particles in the range of about 0.5 to 100 um

20 are commonly used. Simular size ranges of substrate particles are also useful in the
present invention, although such particles are usually at least 0.1 um in diameter.

Coating materials, generally in particulate form, can be of any of a wide
variety of shapes such as, for example, spherical, flake, and irregular shapes. The
powder may be in the form of loose agglomerates since such agglomerates are

25  easily broken up by collisions in the magnetic field. However, the friability of the
substrate (powder) may vary over a broad range and is limited only that the
substrate (powder) should be durable enough to permit fluidization of the
individual particles under in the presence of numerous collisions from magnetic

elements, without breakage of the primary substrate particles.
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The amount of coating material used depends on the desired properties
sought by addition of the coating material and coating thickness. The weight ratio
of substrate to coating can range from about 500:1 to 1:20. For example, when
coatings such as silica or titania are coated on silicon carbide abrasive particles to
improve flowability, the weight ratio of substrate to coating material is generally in
the range of 100:1 to 100:2. When aluminum or mica flakes are coated with
charge bearing toner powder, the weight ratio of substrate to toner is preferably in
the range of about 20:1 to 1:20, more preferably about 5:1 to 1:5, and most
preferably about 3:1 to 1:3. Those skilled in the art can readily determine the
appropriate weight ratios of substrate to coating material depending on the end
use of the coated particles.

The coating material is applied onto the substrate by the action of the
coating material or substrate material if magnetic in character or by the action of
magnetic elements in a bipolar oscillating magnetic field which fluidizes the
coating material, the substrate where particulate and the magnetic elements, if
present, and causes peening of the coating materials onto the substrate. When the
neither the coating material nor the particulate substrate is magnetic, the bipolar
oscillating magnetic field causes impingement of the magnetic elements into the
coating particles which forces them onto the substrate with a peening action.
During such a continuous process a certain amount of the coating material coats
the magnetic elements and the reaction chamber until a state of equilibrium is
reached. Once a state of equilibrium is reached, this is maintained while the
continuous coating process progresses. This is an improvement over the time
consuming batch process that may or may not have time to reach a state of
equilibrium and hence not give consistently uniform coatings.

The magnetic field may be supplied with power by means of oscillators,
oscillator/amplifier combinations, solid-state pulsating devices and motor
generators. The magnetic field may also be provided by means of air core or
laminated metal cores, stator devices or the like. The preferred magnetic field

generator is provided by one or more motor stators, i.e., motors having the
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armatures removed, which are powered by an alternating current supply through
transformers. In addition, metal strips may be placed outside the magnetic field
generators to confine the magnetic fields to a specific volume of space.

A useful magnetic field is one with an intensity sufficient to cause desirable
movement, but not enough to demagnetize the magnetic character of coating
materials or magnetic elements that are moved by the oscillating magnetic fields.
Preferably the magnetic fields have between about 100 oersteds and 3000 oersteds
magnetic intensity, more preferably between about 200 and 2500 oersteds
magnetic intensity

The frequency of oscillations in the oscillating magnetic field affects the
number of collisions that take place between an element that is moved in the
magnetic field and surrounding particles that are fluidized, i.e., always kept in
motion, by collisions with the moving magnetic elements or the coating material
when it 1s magnetic in character. If the oscillation frequency is too high, the
magnetic elements or the coating material when it i1s magnetic in character are
unable to spin in the changing field due to the inertia of the elements. If the
oscillation frequency is too low, residence time is increased until there is not
enough movement in the magnetic elements or the coating material when it is
magnetic in character to fluidize the particles. The oscillation in the magnetic field
can be caused, for example, by using multiphase stators to create a rotating
magnetic field, as disclosed in U.S. Pat. No. 3,848,363 (Loveness)
or by using a single phase magnetic field .J
generator with an AC power supply at a specified cycles per second to create a
bipolar oscillating magnetic field. The frecjuency may be from 5 hertz to
1,000,000 hertz, preferably from 50 hertz to 1000 hertz, and more preferably at
the hertz which 1s commonly used in AC power supplies , i.e., 50 hertz, 60 hertz,
and 400 hertz. The bipolar magnetic field is preferred as the magnetic field

generators used are generally less expensive and more available than those used to

make rotating magnetic fields.
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Where the coating material has magnetic character such as with a magnetic
powder, the powder generally has a coercivity ranging from about 200 to 5000
oersteds and is of the type used in the recording and computer industries for
audio, video, and data recording. The magnetic powder in the magnetic field
should develop sufficient motion so as to fluidize itself as well as the substrate
when the substrate is particulate. Such magnetic powders include, for example,
gamma 1ron oxide (Fe,Os), an acicular particle about 4 um long and 1 um in
diameter with a coercivity of about 300 oersteds, available from ISK Magnetics,
Inc. cobalt doped gamma iron oxide (Co-Fe,0s), an acicular particle about 4 um
long and 1 um in diameter with a coercivity of about 800 oersteds, available from
ISK Magnetics, Inc., hard barium ferrite (BaOe6 Fe,0;), a platelet particle about

0.01 pm thick and 0.1 um in diameter with a coercivity of about 3000 oersteds,
available from Toda Kogyo Corp., Japan, and other magnetic powders such as
AINiCo, rare earth metals and ceramics..

Magnetic powders are generally desired to be as small as possible to
permit thin coatings to occur and the shapes are determined by the manufacturing
process used to make them. It is generally preferable to use as large a quantity of
magnetic powder as will fluidize to achieve the shortest time for a desired coating
thickness. In general, magnetic powder can have a particle size from 0.05 um to

5.0 pm, preferably from 0.1 um to 1.0 um, and more preferably from 0.1 Lm to
0.4 um.

An aggregate of magnetic elements, each of which are individual minute
permanent magnets can be used to fluidize the coating material and the substrate
wheﬁ particulate. Such magnetic elements generally have coercivities also ranging
from 200 to 3000 oersteds. Suitable magnetic elements include, for example,
gamma iron oxide, hard barium ferrite, particulate aluminum-nickel-cobalt alloys,
or mixtures thereof.. Magnetic elements can also comprise magnetic powder
embedded in a polymeric matrix, such as barium ferrite embedded in sulfur cured
nitrile rubber such as ground pieces of PLASTIFORMT™ Bonded Magnets,
available from Arnold Engineering Co., Norfolk, NE. In addition, the magnetic
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elements can be coated with polymeric materials, such as, for example, cured
epoxy or polytetrafluoroethylene, to smooth the surface of the magnetic elements
or make them more wear resistant. This particular advantage is evident when
coating with a white powder coating material, because the resultant coating
remains white and is not discolored and/or blackened in the process.

Magnetic elements can range in size from less than the size of the powder
being applied to over 1000 times the size of the particulate substrate being coated.

If the magnet elements are too small, they can be difficult to separate from a
powder affixed particulate substrate. Generally, the magnetic elements range in
size from 0.005 pm to 1 cm. Strips of polymer embedded magnetic materials,
with a length many times the size of a particulate substrate, are also sometimes
useful for fluidizing sticky particulate polymeric substrates. In general, magnetic
strips have a particle size of from about 0.05 mm to 500 mm, more preferably
from about 0.2 mm to 100 mm, and most preferably from 1.0 mm to 25 mm. The
appropriate size of the magnetic elements can be readily determined by those
skilled in the art.

The quantity of magnetic elements that can be used in a magnetic field
depends on residence time, type of coating, and ability of the moving magnetic
elements to fluidize the powder, and particulate substrate if used. Preferably, only
that quantity of magnetic elements needed to fluidize the powder in coating zone,
or the powder and the substrate if a particulate substrate is used. In general, the
weight of the magnetic elements should be approximately equal to the weight of
the powder in the magnetic field at a given time, or the weight of both the powder
and the substrate, if a particulate substrate is used.

If the magnetic elements are too large, they may damage fragile or
fracturable particulate substrates. For example, when hollow glass bubbles having
an outer diameter of 20 um and a wall thickness of 1 um are to be coated in the
presence of magnetic elements where the magnetic material is in a polymeric base
such as those prepared by grinding PLASTIFORMT™ magnetic material to form

magnetic elements of various sizes, those elements which pass through a No. 30
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mesh screen but not through a No. 45 mesh screen will generally fracture a
portion of the hollow glass bubbles if the magnetic field intensity is sufficient to
fluidize the bubbles. However, magnetic elements which pass throu gh a No. 80
mesh screen but not through a No. 120 mesh screen will not cause fracturing of
the glass bubbles.

Chambers useful in the present invention can be of a variety of non-
metallic materials such as flint glass; tempered glass, e. g., PYREXT™ g]3ass;
synthetic organic plastic materials such as polytetrafluoroethylene, polyethylene,
polypropylene, polycarbonate and nylon; and ceramic materials. Metallic materials
can be used although eddy currents can occur, which would negatively affect the

oscillating magnetic field and increased power would be required to overcome

these effects.
The thickness of the chamber wall should be sufficient to withstand the

collisions of the magnetic elements and depends on the materials used.
Appropriate thickness can readily be determined by those skilled in the art. When
polycarbonate is used to form the chamber, a suitable wall thickness can be from
0.1 mm to 25 mm, preferably from 1 mm to 5 mm, more preferably from 1 mm to

3 mm.

The shape of the chamber can be cylindrical, spherical, polyhedral or
irregular since the magnetic field will fill any shape and fluidize the powder within
the chamber. The chamber can be of any orientation, such as, for example,
vertical, horizontal, angular, or corkscrew.

The process of the invention will now be further explained with regard to
the various coating apparatus shown in the drawings.

Figure 1 shows coating device for applying coating materials to linear
continuous substrates such as films, fibers, nonwoven materials, screening, wire,
or tubing. The device 10 includes C-frame motor stator 11 which is driven by
alternating current power supply 12 which provides a magnetic field represented
by magnetic field lines 13. Moving substrate 14 which is placed in close proximity

to stator 11 such that substrate 14 is within the magnetic field. For reasons of
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simplicity of operation, the substrate can run indirect contact with the stator or, if
desired, can be held as much as 10 mm distant from the stator by means of spacers
or delivery control means. When the coating material is not of magnetic
character, coating material 15 and magnetic elements 16 are also introduced in to
magnetic field and coating material 15 is affixed to substrate 14 by the peening
action of magnetic elements 16 which move with a great deal of action in the
magnetic field and drive coating material 15 onto substrate 14 to form coated
substrate 17.

When the coating material is of magnetic character, the magnetic elements
are not necessary as the coating material itself moves about in the magnetic field
and strikes the substrate. The magnetic coating material is preferably metered into
the oscillating magnetic field by a powder conveying device, such as, for example,
a Model H20/DDS/20/20 Loss-In-Weight Screw Feeder, available from
Brabender, Duisberg, Germany, and a vibratory feeder, available from FMC
Corp., Homer City, PA.

Figure 2 shows an alternate embodiment of a device useful in the present
invention for coating linear continuous substrates. This coating device 20 includes
a coating chamber 21 through which substrate 22 can pass. Coating chamber 21
may be positioned horizontally, vertically or at any position between horizontal
and vertical. A C-frame motor stator 23 driven by alternating current power
supply 24 provides a magnetic field around coating chamber 21. Magnetic
elements 25 are introduced into coating chamber 21 and into the presence of the
oscillating magnetic field. Substrate 22 moves from a supply roll through inlet
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