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ABSTRACT
A method and system for magnetic actuated mixing which use magnetic particles
and electromagnetic field to facilitate the mixing. The method and system use magnetic
particles and a generated electromagnetic field to facilitate the milling as well. The
method and system can be used in any application that requires the preparation of
small-sized particles at either the micro or nano scale, including for example, preparing

toners, inks, wax, pigment dispersions and the like.
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METHOD AND SYSTEM FOR MAGNETIC ACTUATED MIXING

BACKGROUND
[0001] The presently disclosed embodiments relate generally to a method and
system for magnetic actuated mixing which use magnetic particles and electromagnetic
field to facilitate the mixing. The present embodiments may be used in many different
applications, including for example, preparing toners, inks, wax, pigment dispersions,
paints, photoreceptor materials and the like. The present embodiments may be used
for any application that requires the preparation of small-sized particles at either the
micro or nano scale.
[0002] In many batch processes, the mixing step is one of most critical steps to
determine the overall performance of the process. For example, in applications where
small-sized particles are produced, achieving the small scale and uniform distribution of
the particles is determined by the mixing step. Present mixing methods and systems do
not provide uniform mixing efficiency across the entire mixing zone and are only
localized at the central mixing point, for example, where the impeller tip is located. As
shown in Figure 1, a typical type of mechanical impeller mixing system 5 has
conventionally been used. However, as seen, such systems suffer from non-uniform
mixing efficiency across the whole mixing zone and the high mixing field 10 only
localized at the impeller tip 15. The mixing strength decays as the distance increases
from the impeller 15. Dead spots or shallow spots with inefficient mixing 20 are
distributed along the shaft edge 25. Attempts at improvement demonstrated that giobal
uniformity could not be easily handled by the mechanical mixing. Careful selection of a
mechanical system to avoid its resonance adds further complexity.
[0003] Improvements on mixing methods and systems often generate more complex
setups which have their own set of problems, such as increase mechanical
maintenance of parts. Recently, acoustic mixing has been used to avoid inefficient
mixing. As shown in Figure 2, an acoustic mixing system 30 uses a nhon-contact mean
to provide micro scale mixing 35 within a micro zone of about 50 uym in a closed vessel

40. However, generating the acoustic wave still relies on mechanical resonance as
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controlled by engineered plates, eccentric weights and springs. Special care and
protection of the mechanism to generate mechanical resonance is typically used and
any small turbulence may cause catastrophic damage on the system. Therefore, the
overall service life is still imited to the effective lifetime of the mechanical components.
Thus, such systems are not free of mechanical maintenance. In addition, the acoustic
energy also decays at distances far away from the source.

[0004] There is thus a need for a new and improved mixing method and system that
overcomes the problems encountered with the conventional systems being used as

described above.

SUMMARY
[0005] In embodiments, there is provided a method for mixing one or more materials
On a nano or micro scale, comprising a) adding one or more materials into a vessel, b)
adding magnetic particles into the vessel, ¢) applying a varying magnetic field to the
magnetic particles to move the magnetic particles to mix the one or more materials in
the vessel, d) mixing the one or more materials in the vessel until a desired particle size
IS achieved, and e) collecting the magnetic particles for re — using at a later time.
[0006] Another embodiment provides a method for mixing one or more materials on
a nano or micro scale, comprising a) pre-loading magnetic particles into a vessel, b)
adding one or more materials into the vessel, ¢) applying a varying magnetic field to the
magnetic particles to move the magnetic particles to mix the one or more materials in
the vessel, and d) mixing the one or more materials in the vessel until a desired particle
size is achieved.
[0007] In yet another embodiment, there is provided a system for mixing one or more
materials on a nano or micro scale, comprising a vessel for holding one or more
materials, magnetic particles for mixing the one or more materials, a source for applying
a periodically varying magnetic field to the magnetic particles to move the magnetic

particles to mix the one or more materials in the vessel, and a collector for collecting the

magnetic particies for re-using at a later time.
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[0007a] In accordance with an aspect, there is provided a method for mixing one or
more materials on a nano or micro scale, comprising:

a) adding one or more materials into a vessel,

b) adding magnetic particles into the vessel, wherein the magnetic particles
are encapsulated in a polymeric sheil;

c) applying a varying magnetic field to the magnetic particles to move the
magnetic particles to mix the one or more materials in the vessel,

d) mixing the one or more materials in the vessel until a desired particle size
IS achieved; and

e) collecting the magnetic particles for re — using at a later time.
[0007b] In accordance with an aspect, there is provided a method for mixing one or
more materials on a nano or micro scale, comprising:

a) pre-loading magnetic particles into a vessel, wherein the magnetic particles
are encapsulated in a polymeric shell;

b) adding one or more materials into the vessel;

c) applying a varying magnetic field to the magnetic particles to move the
magnetic particles to mix the one or more materials in the vessel; ana

d) mixing the one or more materials in the vessel until a desired particle size
IS achieved;

e) collecting the magnetic particles for re — using at a later time.
[0007c] In accordance with an aspect, there is provided a system for mixing one or

more materials on a nano or micro scale, comprising:

a) a vessel for holding one or more materials;

b) magnetic particles for mixing the one or more materials, wherein the
magnetic particles are encapsulated in a polymeric shell;

c) a source for applying a varying magnetic field to the magnetic particles to

move the magnetic particles to mix the one or more materials in the vessel; and

d) a collector for collecting the magnetic particles for re-using at a later time.

BRIEF DESCRIPTION OF THE DRAWINGS

2a
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[0008] For a better understanding of the present embodiments, reference may be
made to the accompanying figures.

[0009] Figure 1 is a diagram of a conventional mechanical impeller mixing system;
[0010] Figure 2 is a diagram of a conventional acoustic mixing system;

[0011] Figure 3 is a diagram of a magnetic actuated mixing system in accordance
with the present embodiments;

[0012] Figure 4 is a flow chart illustrating a method for preparing a latex emuilsion In
accordance with the present embodiments;

[0013] Figure 5 is a flow chart illustrating a method for preparing a pigment
dispersion in accordance with the present embodiments;

[0014] Figure 6 is a graph illustrating particle size and particle size distribution of a
pigment dispersion made in accordance with a conventional method,;

[0015] Figure 7 is a graph illustrating particle size and particle size distribution of the
pigment dispersion made in accordance with the present embodiments;

[0016] Figure 8 is a graph illustrating particle size and particle size distribution of a
first EA toner made in accordance with a conventional method;

[0017] Figure 9 is a graph illustrating particle size and particle size distribution of the
first EA toner made in accordance with the present embodiments;

[0018] Figure 10 is a graph illustrating particle size and particle size distribution of a
second EA toner made in accordance with a conventional method; and

[0019] Figure 11 is a graph illustrating particle size and particle size distribution of

the second EA toner made in accordance with the present embodiments;

DETAILED DESCRIPTION
[0020] In the following description, reference is made to the accompanying
drawings, which form a part hereof and which illustrate several embodiments. It is

understood that other embodiments may be utilized and structural and operational
changes may be made without departure from the scope of the present disclosure. The
same reference numerals are used to identify the same structure in different figures

unless specified otherwise. The structures in the figures are not drawn according to
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their relative proportions and the drawings should not be interpreted as limiting the
disclosure in size, relative size, or location.

[0021] The present embodiments provide a method and system for magnetic
actuated mixing which use magnetic particles and electromagnetic field to facilitate the
mixing. In embodiments, the method and system is used for improved mixing in batch
processes. As shown in Figure 3, there is provided a mixing system 45 comprising
magnetic particles 50 loaded in a solution 55 which is moved to actuate mixing by the
periodic variation of a magnetic field 60 applied to the magnetic particles 50. The
magnetic particles may be pre-loaded or filled into the mixing vessel 70 when mixing is
needed. The magnetic field 60 is applied through electromagnets 65 on either side of
the mixing vessel 70. The mixing system 45 achieves intense micro mixing zone 75
uniformly throughout the mixing vessel 70. The magnetic particles can be successfully
collected and recycled by electromagnets for subsequent applications.

[0022] The magnetic particles may be comprised of diamagnetic, paramagnetic,
ferrimagnetic, ferromagnetic or antiferromagnetic materials such that the overall
magnetic particle is paramagnetic, ferrimagnetic, ferromagnetic or antiferromagnetic..
In some exemplary embodiments, the magnetic particles may comprise Fe, Fe>O3, Ni,
CrO,, or Cs. In embodiments, the magnetic particles may have a non-magnetic coating.
In other embodiments, the magnetic particles can also be encapsulated with a shell, for
example, a polymeric shell comprising, in embodiments, polystyrene, polyvinyl chloride,
TEFLON®, PMMA, and the like and mixtures thereof. The magnetic particles may have
a diameter of from about 5 nm to about 50 pm, or from about 10nm to about 10 um, or
from about 100nm to about 5 um. The size of magnetic particles can be chosen based
on different applications or processes. In embodiments, the volume percentage of
magnetic particles used for mixing may also vary depending on the different application
or process for which the particles are being used. For example, from about 5% to about
80%. or from about 10% to about 50%, or from about 15% to about 25% magnetic
particles may be added to the vessel. The magnetic field may have a strength of from
about 500 Gauss to about 50,000 Gauss, or from about 1000 Gauss to about 20,000
Gauss, or from about 2000 Gauss to about 15, 000 Gauss. In embodiments, the

electromagnets are circularly patterned with a uniform angular spacing. In
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embodiments, the electromagnets are used to apply the varying (switchable) magnetic
field in a circular motion on a micro or nano scale. The magnetic field may aiso be
applied in an up and down, or left and right, or triangular motion. In specific
embodiments, the varying magnetic field is applied by moving a permanent magnet. In
embodiments, the varying magnetic field is biased by another constant magnetic field.
The flexible system setup is not limited by the geometry of mixing vessel 80.

[0023] The present embodiments are able to drive chaotic or random motion of
magnetic particles across the whole solution at a micro scale. This type of random
motion generates turbulence and helps facilitate a high shear mixing even milling of the
materials being mixed to achieve optimal particle size reduction. Every magnetic
particle provides an independent mixing field or milling zone, and together generate bulk
mixing which achieves an accumulative effect. The mixing is efficient and uniform
across the entire mixing zone because of the uniform magnetic field distribution. If
micro sized magnetic particles are used, due to the large surface contact area between
micro magnetic particles and the solution, micro mixing and micro milling due to
enhanced local diffusion significantly produces homogeneous and global mixing. The
present embodiments thus provide small particles on the nano to micro scale and
uniform distribution. The present embodiments also provide for the potential of higher
viscosity (for example, a viscosity of from about 0.1cP to about 100,000cP at 25°C)
mixing if the exposed magnetic field is large.

[0024] Another advantage of the present method and system is the fact that it is free
of mechanical components and thus maintenance, which significantly reduces the cost
of the system. The present embodiments are also free of noise.

[0025] The present embodiments may be used in many different applications,
including for example, preparing toners, inks, wax, pigment dispersions and the like.
The present embodiments may be used for any application that requires the preparation
of small-sized particles at either the micro or nano scale. In particular, the present
embodiments are targeted for use in producing Emuilsion Aggregation (EA) toners and
pigment and latex dispersions for inks.

| atex for Emulsion Aggregation (EA) Toners
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[0026] Resin latex is an important component for EA toners, which is prepared by
solvent-containing batch processes such as phase inversion emulsification (PIE). In a
standard batch PIE, continuous agitation is critical and is preferred to have a high
mixing efficiency. At present, a mechanical mixing setup such as an impeller agitator
from IKA Works, Inc. (Wilmington, North Carolina) is generally used. However, as
discussed above, a typical type of mechanical impeller mixing system suffers from
drawback such as non-uniform mixing efficiency across the whole mixing zone, which
results in dead spots or shallow spots with inefficient mixing are distributed along the
shaft edge and wall. Acoustic mixing using a system from Resodyn Corp. (Butte,
Montana) has been a more widely preferred means for preparing EA toners. However,
as also discussed above, such systems have their own drawbacks, such as having
overall service life limited to that of the mechanical components.

[0027] The present embodiments provide a way to prepare the EA toners without
the above drawbacks. In such embodiments, the cyclic magnetic field is used to
actuate chaotic motion of micro or nano magnetic particles uniformly throughout whole
reaction vessel to prepare resin latex with the required particle sizes. In these
embodiments, magnetic particles, which are first dispersed in a solvent containing resin
solution, are capable of creating micron /submicron mixing zones (depending on the
magnetic particle size) with enhanced localization. Such features provide uniformity and
facilitate increase in mixing speed.

[0028] In embodiments, there is provided a method for preparing EA toners using
magnetic actuated mixing 105 as shown in Figure 4. A resin (dissolved in solvent) and
neutralization agent mixture is loaded into the reaction vessel 110. An optional
surfactant may also be added. In embodiments, the solvent is selected from the group
consisting of a ketone, an alcohol, an ester, an ether, a nitrile, a sulfone, a sulfoxide, a
phosphoramide, a benzene, a benzene derivative, an amine, and mixtures thereof. In
embodiments, the resin is selected from the group consisting of polyester, polyacrylate,
polyolefin, polystyrene, polycarbonate, polyamide, polyimide, and mixtures thereof. In
embodiments, the neutralization agent is selected from the group consisting of
ammonium hydroxide, sodium carbonate, potassium hydroxide, sodium hydroxide,

sodium bicarbonate, lithium hydroxide, potassium carbonate, triethyl amine,
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triethanolamine, pyridine, pyridine derivatives, diphenylamine, diphenylamine
derivatives, poly(ethylene amine), poly(ethylene amine) derivatives, amine bases, and
pieprazine, and mixtures thereof. In embodiments, the resin/neutralization agent
mixture comprises the resin and neutralization agent as a percent weight ratio of from
about 25% to about 500%, or from about 50% to about 150%, or from about 70% to
about 90%. In embodiments, a neutralization ratio of the neutralization agent in the
latex or emulsion is from 25% to 500%. In embodiments, the surfactant is selected from
ionic surfactants, nonionic surfactants, and mixtures thereof. .

[0029] The reaction vessel may have the magnetic particles already pre-loaded in
the vessel or the magnetic particles may be loaded into the reaction vessel after the
resin/neutralization agent mixture 115. A magnetic field is applied to the
resin/neutralization mixture and magnetic particles 120. Water may be added in this
step. A latex with the desired particle size is then achieved by continued mixing of the
magnetic particles through application of the magnetic field 125. In embodiments, the
latex or emulsion has mono distribution of particle size from about 5 nm to about

1,000 nm.

Pigment Dispersions
[0030] Pigment dispersions are often used in the preparation of EA toners. For

the same reasons discussed above for the preparation of the EA toners themselves,
conventional milling methods used for preparing pigment dispersions suffer from many

drawbacks. In addition, the use of conventional milling methods consume lengthy
periods of time to prepare the pigment dispersions, often exceeding four hours.

[0031] The present embodiments provide for the use of magnetic actuating
chaotic motion of magnetic particles to prepare pigment dispersions as provided by both
mixing and milling capabilities at nano or micro scale. These embodiments apply cyclic
magnetic field to drive the chaotic motion of the magnetic particles to provide consistent
nano or micro scale shearing throughout the entire vessel, thus providing uniform

dispersion of materials within a very short time frame (e.g., minutes). The magnetic
particles under the varying magnetic field are also impacting on the pigment particles

through enhanced head to head collision.



CA 02847991 2014-04-01

PATENT APPLICATION
Attorney Docket No. 20120763CA01-420107

[0032] In embodiments, there is provided a method for preparing pigment
dispersions using magnetic actuated mixing 135 as shown in Figure 5. A dry pigment is
loaded in a solvent, such as water, an organic solvent or mixtures thereof, into the
vessel 140. In embodiments, the pigment is selected from the group consisting of a
blue pigment, a black pigment, a cyan pigment, a brown pigment, a green pigment, a
white pigment, a violet pigment, a magenta pigment, a red pigment, an orange pigment,
a yellow pigment, and mixtures thereof. In one embodiment, the pigment is carbon
black. In embodiments, the pigment/water mixture comprises the pigment and water in a
weight ratio of from about 5% to about 80%, or from about 10% to about 50%, or from
about 15% to about 20%.

[0033] The vessel may have the magnetic particles already pre-loaded in the
vessel or the magnetic particles may be loaded into the vessel after the pigment/water
mixture 145. A surfactant may then be added to the pigment/water mixture in the vessel
160. In embodiments, the surfactant can be water-soluble polymers and surfactants. In
embodiments, the surfactant is added in an amount of from 1% to about 30%, or from
about 3% to about 15%, or from about 5% to about 12% by weight of the total weight of
the mixture in the vessel. A magnetic field is generated and applied to the mixture and
magnetic particles in the vessel 155. A pigment dispersion with the desired particle size
is then achieved by continued chaotic motions of the magnetic particles through
application of the magnetic field. A reduction in pigment particles 160 is achieved. The
duration and speed of mixing will be dependent on the pigment particle size desired.
The magnetic particles can then be collected for re-use 165.

[0034] While the description above refers to particular embodiments, it will be
understood that many modifications may be made without departing from the spirit
thereof. The accompanying claims are intended to cover such modifications as would
fall within the true scope and spirit of embodiments herein.

[0035] The presently disclosed embodiments are, therefore, to be considered in
all respects as illustrative and not restrictive, the scope of embodiments being indicated
by the appended claims rather than the foregoing description. All changes that come
within the meaning of and range of equivalency of the claims are intended to be

embraced therein.
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EXAMPLES
[0036] The example set forth herein below is illustrative of different compositions
and conditions that can be used in practicing the present embodiments. All proportions
are by weight unless otherwise indicated. It will be apparent, however, that the
embodiments can be practiced with many types of compositions and can have many
different uses in accordance with the disclosure above and as pointed out hereinafter.
10037] The embodiments will be described in further detail with reference to the
following examples and comparative examples. All the "parts" and "%" used herein
mean parts by weight and % by weight unless otherwise specified.

EXAMPLE 1
[0038] For experimental evaluation, a permanent magnet was manually moved

up and down to provide a cyclic magnetic field. The cyclic frequency is about 1Hz and
total about 50 cycles were used. Optionally, an automated set up could be created. A
permanent magnet was positioned at the top to provide a fixed magnetic strength. A
current-driven electromagnet was positioned at the bottom to provide varying magnetic
field through tuning current. Micro magnetic particles 90 (Carbonyl Iron Powder from
Royalink Industries Corp., average particle size ~4 to 5um) were pre-loaded in a
solution. When a very low current is applied from the current supply to the
electromagnet, the permanent magnet plays a major role to attract all the particles to
the top. When the current was increased, the overall magnetic field by both magnets
will start to drive the particles to bottom.

EXAMPLE 2 (Pigment Dispersion Preparation)

[0039] The set up described above using the permanent magnet was used to
evaluate a pigment dispersion prepared by the present embodiments. Both a
comparative sample (control) and inventive sample was prepared and evaluated. The
switch frequency used to move the particles was about 1Hz. After about 50 cycles (e.g.,

about 1 minute) mixing, the pigment sample was sent for analysis.
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Comparative Example

[0040] This comparative example was done as control to show original particle
size and particle size distribution of pigment particles. Into a 15ml vial was added 0.5 g
of carbon black pigment powder REGAL 330°, 5g of deionized water (DIW), and 0.24 g
(18.75 wt %) tayca power aqueous solution. The vial was then kept and shook for
about 2 min (at this step a certain degree of milling/mixing has been provided). The
particle size of pigment was measured with a small value peak at ~ 133nm and a large
value peak at ~ 417nm as shown Iin Figure 6.

Inventive Example
[0041] This example was prepared with the magnetic actuated milling of the
present embodiments. Into a 15ml vial was added 0.5 g of carbon black pigment

powder REGAL 330°, 5g of DIW, and 0.24 g (18.75 wt%) tayca power aqueous
solution. Thereafter, 0.52 g of mcro magnetic particles (Carbonyl Iron Powder from
Royalink Industries Corp., average particle size about 4 to Sym) was introduced. In this
example, a permanent magnet was manually moved up and down to provide a cyclic
magnetic field. The cyclic frequency is about 1Hz and total about 50 cycles were used.
Finally, micro magnetic particles were attracted and collected by magnet before sending
the sample for analysis. The particle size of pigment was measured as shown in Figure
7.

[0042] As can be seen from Figures 6 and 7, both size reduction and uniformity
was significantly increased with the present embodiments. More specifically, the figures
show that without 1 minute of the magnetic actuating process, the pigment particles
show bimodal distribution with about 24% of pigment particles having average particles
about 417 nm, while with magnetic mixing/milling, the pigment particles is mono
distributed with average patrticle size of 143.7 nm < 150nm.

EXAMPLE 3 (Latex Emulsion Preparation)

Comparative Example 1

10
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[0043] This comparative example was done as control to show original particle
size and particle size distribution of a latex emulsion as prepared with conventional
phase inversion emulsification (PIE).

[0044] 10g amorphous polyester resin 1 (Mw = 44120, Tg onset = 56.8 (1C) was

dissolved in 20g methyl ethyl ketone and 2g iso-propyl alcohol solvent mixture with

stirring at room temperature. 3.24 g of the mixture was transferred to a 10 ml glass vial.
0.025 grams of 10 wt% NH3-H>O solution was then added to neutralize the resin. Then
the mixture was mixed by hand shaking. About 3.2 grams of DIW was added drop-wise
to the mixture at intervals with hand shaking. The average particle size is about 129nm

as shown in Figure 8.

Inventive Example 1

[0045]
present embodiments. 10g amorphous polyester resin 1 (Mw = 44120, Tg onset = 56.8

This example was prepared with the magnetic actuated mixing of the

JC) was dissolved in 20g methyl ethyl ketone and 2g iso-propyl alcohol solvent mixture
with stirring at room temperature. 1.62g of the mixture was transferred to a 10 ml glass
vial with 0.5g micro magnetic particles (Carbonyl Iron Powder from Royalink Industries
Corp., average particle size about 4 to 5um). 0.017 grams of 10 wt% NH3-H20 solution
was then added to neutralize the resin. Then the mixture was mixed by magnetic
particles through turning a 15,000 Gauss permanent magnet next to the vial for about 1
min. About 1.5 grams of DIW was added drop-wise to the mixture at intervals with
mixing with magnetic particles. The average particle size is about 125nm as shown in

Figure 9.

Comparative Example 2

[0046)
particle size and particle size distribution of a latex emulsion as prepared with

This comparative example was also done as control to show original

conventional PIlE.
[0047] Into a 250 ml plastic bottle was added 60 grams of bio based amorphous

polyester resin 2 (Mw = 83460, Tg onset = 58.7C), 60 grams of methyl ethyl ketone, 6
grams of iso-propyl alcohol. The bottle was capped and heated in stirring water bath at

11
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60 °C overnight to dissolve the resin. After being cooled to room temperature, 5.29
grams of 10 wt% NHa3-H20 solution (calculated by the formula: Neutralization Rate x
Amount of Resins in grams x Acid Number x 0.303 x 10) was then added drop-wise to
the mixture to neutralize the resin. After NH3-H>0O and resin solution were shook for
about 1 min, about 60 grams of DIW was added drop-wise to the mixture at intervals
with shaking. The average particle size is about 163nm as shown in Figure 10.

Inventive Example 2

[0048] This example was also prepared with the magnetic actuated mixing of the
present embodiments.

[0049] Into a 250 ml plastic bottle was added 60 grams of bio based amorphous
polyester resin 2 (Mw = 83460, Tg onset = 568.7C), 60 grams of methyl ethyl ketone, 6
grams of iso-propyl alcohol. The bottle was capped and heated in stirring water bath at
60 °C overnight to dissolve the resin. After being cooled to room temperature, 2.1 g of
the mixture was transferred to a 10 mL glass vial with 0.5g micro magnetic particles
(Carbonyl Iron Powder from Royalink Industries Corp., average particle size ~4 to Spm).
0.09 grams of 10 wt% NH3-H20 solution was then added drop-wise to the mixture to
neutralize the resin. Then the mixture was mixed by magnetic particles through turning
the vial next to the fastened permanent magnet for 1 min. About 2 grams of DIW was
added drop-wise to the mixture at intervals with mixing with magnetic particles. The
particle size and particle size distribution were subsequently analyzed. The average

particle size is about 209nm as shown in Figure 11.

[0050] It will be appreciated that several of the above-disclosed and other
features and functions, or alternatives thereof, may be desirably combined into many
other different systems or applications. Also that various presently unforeseen or
unanticipated alternatives, modifications, variations or improvements therein may be
subsequently made by those skilled in the art which are also intended to be
encompassed by the following claims. Unless specifically recited in a claim, steps or
components of claims should not be implied or imported from the specification or any

other claims as to any particular order, number, position, size, shape, angle, color, or

material.

12



CA 02847991 2016-09-16

CLAIMS

WHAT IS CLAIMED IS:

1.

A method for mixing one or more materials on a hano or micro scale, comprising:
a) adding one or more materials into a vessel,

b) adding magnetic particles into the vessel, wherein the magnetic particles are

encapsulated in a polymeric shell;

c) applying a varying magnetic field to the magnetic particles to move the

magnetic particles to mix the one or more materials in the vessel;

d) mixing the one or more materials in the vessel until a desired particle size is

achieved: and

2.

e) collecting the magnetic particles for re — using at a later time.

The method of claim 1, wherein the one or more materials includes materials

used to make a toner, Ink, wax, paint or photoreceptor material.

3.

The method of claim 1 or 2, wherein the magnetic particles are comprised of a

paramagnetic, ferromagnetic, ferrimagnetic or antiferromagnetic material.

4.

The method of any one of claims 1 to 3, wherein the magnetic particles have a

particle diameter size of from about 5 nm to about 50 um.

5.

The method of any one of claims 1 to 4, wherein from about 5% to about 80%

volume percentage of magnetic particles are added to the vessel.

0.

The method of any one of any one of claims 1 to 5, wherein the magnetic field

has a strength of from about 500 Gauss to about 50,000 Gauss.

7.

The method of any one of claims 1 to 6, wherein the magnetic field is applied

through one or more electromagnets.

13
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3. The method of any one of claims 1 to 7, wherein the magnetic field is appiied to
drive magnetic particles in a circular, up and down, left and right, or triangular motion.
9. The method of claim 8, wherein the one or more electromagnets are circularly
patterned with a uniform angular spacing.
10. The method of any one of claims 1 to 9, wherein the varying magnetic field is
bilased by another constant magnetic field.
11.  The method of any one of claims 1 to 10, wherein the varying magnetic field is
applied by moving a permanent magnet.
12. A method for mixing one or more materials on a nano or micro scale, comprising:

a) pre-loading magnetic particles into a vessel, wherein the magnetic particles
are encapsulated in a polymeric shell;

b) adding one or more materials into the vessel;

c) applying a varying magnetic field to the magnetic particles to move the
magnetic particles to mix the one or more materials in the vessel; and

d) mixing the one or more materials in the vessel until a desired particle size Is
-achieved;

e) collecting the magnetic particles for re — using at a fater time.
13. The method of claim 12, wherein the magnetic particles have a particle diameter
size of from about 5 nm to about 50 um.
14.  The method of clam 12 or 13, wherein the magnetic particles are comprised of a
paramagnetic, ferromagnetic, ferrimagnetic or antiferromagnetic material.
15.  The method of any one of claims 12 to 14, wherein the magnetic field has a

strength of from about 500 Gauss to about 50,000 Gauss.
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16.  The method of any one of claims 12 to 15, wherein the magnetic field is applied
to drive the magnetic particles in a circular, up and down, left and right or trianguiar
motion.

17.  The method of any one of claims 12 to 16, wherein the varying magnetic field is
blased by another constant magnetic field.

18.  The method of any one of claims 12 to 17, wherein the varying magnetic field is
applied by moving a permanent magnet.

19. A system for mixing one or more materials on a nano or micro scale, comprising:

a) a vessel for holding one or more materials;

b) magnetic particles for mixing the one or more materials, wherein the magnetic
particles are encapsulated in a polymeric shell;

c) a source for applying a varying magnetic field to the magnetic particles to
move the magnetic particles to mix the one or more materials in the vessel,
and

d) a collector for collecting the magnetic particles for re-using at a later time.

20. The system of claim 19, wherein the magnetic particles have a particle diameter

size of from about 5 nm to about 50 um.

21. The system of claim 19 or 20, wherein the source for applying the varying
magnetic field applies the varying magnetic field to the magnetic particles periodically.
22. The system of claim 19 or 20, wherein the source for applying the varying
magnetic field applies the varying magnetic field to the magnetic particles continuously.
23. The system of any one of claims 19 to 22, wherein the one or more materials

iIncludes materials used to make a toner, ink, wax, paint or photoreceptor material.
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24. The system of any one of claims 19 to 23, wherein the one or more materials
iIncludes a resin and a solvent.

25. The system of any one of claims 19 to 24, wherein the one or more materials
includes one or more additives selected from the group consisting of a surfactant, a
pigment, a neutralization agent and mixtures thereof.

26. The system of any one of claims 19 to 25, wherein the vessel is non-metallic.
27. The system of claim 26, wherein the vessel is comprised of glass or plastic.

28. The system of any one of claims 19 to 26, wherein the magnetic particles are
comprised of a paramagnetic, ferromagnetic, ferromagnetic or antiferromagnetic
material.

29. The system of any one of claims 19 to 28, wherein the magnetic particles are
pre-loaded into the vessel.

30. The system of any one of claims 19 to 28, wherein the magnetic particles are
loaded Into the vessel after the one or more materials are added.

31.  The system of any one of claims 19 to 30, wherein from about 5% to about 80%
volume percentage of magnetic particles are added to the vessel.

32. The system of any one of claims 19 to 31, wherein the magnetic field has a
strength of from about 500 Gauss to about 50,000 Gauss.

33. The system of any one of claims 19 to 32, wherein the magnetic field is applied
to drive magnetic particles in a circular, up and down, left and right, or triangular motion.
34. The system of any one of claims 19 to 33, wherein the magnetic field is a cyclic

magnetic field.
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35. The system of any one of claims 19 to 34, wherein the varying magnetic field is
bliased by another constant magnetic field.

36. The system of any one of claims 19 to 35, wherein the source for applying the
magnetic field comprises one or more magnets.

37. The system of claim 36, wherein the one or more magnets are electromagnets.
38. The system of claim 37, wherein the one or more electromagnets are circularly
patterned with a uniform angular spacing.

39. The system of any one of claims 19 to 38, wherein the varying magnetic field is
applied by moving a permanent magnet.

40. The system of any one of claims 19 to 39, wherein the magnetic field is applied

to drive magnetic particles in a chaotic or random motion.
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