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ELECTROPHORETIC FLUID

FIELD OF THE INVENTION
The present invention is directed to the preparation of cornposite pigment particles

that can be used to forr an clectrophoretic thud, and the resulting display fluid.

BACKGROUND OF THE INVENTION
An electrophoretic display (EPD) is a non-emissive device based on the
clectrophoresis phenomenon influencing charged pigment particles dispersed in a dielectric
solvent. An EPD typcally coraprises a paiv of spaced-apart plate-like electrodes. Atleast one
of the electrode plates, typically on the viewing side, is transpavent. An electrophoretic fluid
composed of a diclectric solvent with charged pigment particles dispersed therein 1s enclosed

between the two clectrode plates,

An clectrophoretic fluid may have one type of charged pigment particles dispersed in
a solvent or solvent mixture of a contrasting color. In this case, when a voltage difference is
imposed between the two electrode plates, the pigment particles migrate by attraction to the
plate of polarity opposite that of the pigment particles. Thus, the color showing at the
transparent plate may be either the color of the solvent or the color of the pigment particles.
cversal of plate polarity will cause the particles to migrate back to the oppesite plate,

thereby reversing the color.

Alternatively, an clectrophoretic fluid may have two types of pigment particles of
contrasting colors and carrying oppostic charges, and the two types of pigment particles are
dispersed in a clear solvent or solvent mixture. In this case, when a voltage difference is
fmposed between the two electrode plates, the two types of pigment particles would move to
the opposite euds (top or bottom) 1n a display cell. Thus oune of the colors of the two types of

the pigment particles would be seen at the viewing side of the display ccll.

in another alternative, pigment particles of additional colors are added to an

electrophoretic fluid for forming a highlight or multicolor display device.
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For all types of the clectrophoretic displays, the thaid contained within the individual
display cells of the display is undoubtedly one of the most crucial parts of the device. The
composition of the fluid determines, to a large extent, the lifetime, contrast ratio, switching

rate and bistability of the device.

fu an ideal fluid, the charged pigroent particles remain separate and do vot
aggloracrate or stick to cach other or to the electrodes, under all operating conditions. fn
addition, all components in the fluid must be chemically stable and corapatible with the other

materials present in an clectrophoretic display.

Currently, the pigment particles in an clectrophoretic fluid often have a density which is
much higher than that of the solvent in which the particles are dispersed, thus causing

performance issues, such as poor grey level bistability and vertical settling problems.

BRIEF DESCRIPTION OF THE DRAWINGS
Figures la and 1b show the composite pigment particles of the present invention.
Figure 2 shows reaction steps of a process suitable for the preparation of the
composite pigment particles of the present invention.
Figures 3 and 4 demonstrate the possibility of tuning the charge polarity and charge

level with a co-monomer in the method of synthesis of the composite pigment particles.

SUMMARY OF THE INVENTION
The present invention is directed to a display fluid comprising charged composite
pigment particles dispersed in g solvent, wherein each of said composite pigruent particles
comprises at least a core pigment particle, a shell coated over the core pigment particle and

steric stabilizer molecules on the surface of the composite pigment particles.

In one embodiment, the density of the composite pigment particles substantially

matches to that of the solvent.

In one embodiment, the differcnce between the density of the composite pigruent

particles and the density of the solvent 1s less than 2 g/om.

2
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In one embodiment, the core pigment particle 18 an inorganic pigracnt particle and the
core pigment particles may be surface treated or surface untreated. The shell may also be
formed from an organic material, and in that case, the organic content of the composite
pigment particles may be at least 20% by weight, preferably 20% to 70% by weight and more

preferably 20% to 40% or 30% to 50%, by weight.

fu one embodiment, the core pigroent particle may be an organic pigment particle. In
this embodiment, the core pigment particle may also be surface treated or surface untreated.
The polymer content of the composite pigment particles with an organic core particle may be at
least 209%, preferably 30% to 70% by weight and more preferably 40% to 60% or 30% to 50%

by weight.

In one embodiment, the shell may be completely incompatible or relatively

mcompatible with the solvent.

In one embodiment, the surface of the shell may comprise functional groups to enable

charge gencration or mteraction with a charge control agent.

In one embodiment, the steric stabilizer molecules may be formed from polyacrylate,

polyethylene, polypropylene, polyester, polysiloxane or a mixture thereof.

fu one embodiment, the fluid may further comprise a second type of charged pigment
particles. In one ermaboditaent, the second type of charged pigment particles is corposite
pigment particles comprising at least a core pigment particle, a shell coated over the core
pigment particle and steric stabilizer molecules on the surface of the composite pigrent
particles. The two types of composite pigment particles in the fluid are of contrasting colors.
In one embodiment, the fluid may comprise more than two types of pigment particles and

each type has a color different from the colors of other types.

In one embodiment, the solvent in which the composite pigment particles are
dispersed may be a hydrocarbon solvent or a mixture of a hydrocarbon solvent and another

solvent, such as a halogenated solvent or a silicone o1l type solvent,
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In one embodiment, the composite pigment particles may be prepared by dispersion

polymerization or living radical polymerization.

Another aspect of the invention is directed to a composite pigment particle for an
clectrophoretic display comprises at least a core pigment particle, a shell coated over the core
pigment particle and sieric stabilizer molecules on the surface of the composite pigroent

particle, wherein the shell is formed from a monomer and a co-monomer.

A further aspect of the invention 18 directed to a method for tuning the charge level
of a composite pigment particle, which method comprises adding a co-monomer to a

composition comprising a monomer for forming a shell of the composite pigment particle.

DETAILED DESCRIPTION OF THE INVENTION
The first aspect of the present fuvention is divected to the coraposite pigment particles,
as shown in Figures la and 1h. The composite pigment particles {10) roay have one or more
core pigment particles (11). The core particle(s) (11} is/arc coated with a shell (12). There are

steric stabilizer molecules (13) on the surface of the composile pigment particles.

The core pigment particles may be of any colors {¢.g., black, white, red, green, blue,

cyan, magenta, yellow or the like).

The coraposite pigment particles may be closely density matched to a solvent in which

they are dispersed, especially in a hydrocarbon solvent.

In one erabodiraent, the core particles may be formed frorn an inorganic material, such
as Ti0», BaS04, Zn0, metal oxides, mangancse ferrite black spinel, copper chromite black

spinel, carbon black or zinc sulfide pigment particles,

The inorganic core particles may be optionally surface treated. The surface treatment
would improve corapatibility of the core pigmeunt particles to the monowmer 1o a reaction
medium or chemical bonding with the monomer, in forming the shell of the composite pigment

pariicles. As an example, the surface treatment may be carried out with an organic silanc
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having functional groups, such as acrylate, vinyl, -NH,, -NCO, -OH or the like. These

functional groups may undergo chemical reaction with the monomers.

The core particles can also be surface treated with an inorganic material, such as silica,
aluminum oxide, zing oxide or the like or a combination thereof. Sodium silicate or

tetracthoxysilane may be used as a common precursor for silica coating.

In case of an inorganic treatmuent, the structure of the coating may be porous to reduce

density.

An organic shell may be formed from an organic polymer, such as polyacrylate,
polyurethane, polyurea, polyethylene, polyester, polysiloxane or the like. For example, a
polyacrylate shell may be formed from monomer, such as styrene, methyl acrylate, methyl
methacrylate, n-butyl aceylate, n-butyl methacrylate, t-butyl acrylate, t-butyl methacrylate, vinyl
pytidine, n-vinyl pyrrolidone, 2-hydoxyethyl acrylate, 2-hydroxyethyl methacrylate,
dimethylaminocthyl methacrylate or the like. A polyurcthane shell may be forrmed from
monomer or oligomer, such as multifunctional isocyanate or thinisocyanate, primary alcchol or
the like. A polyurea shell may be formed from monomer containing reactive groups, such as
amine/isocyanate, aming/thigisocyanate or the like. A person skilled i the art would be able to
select proper mongmer or oligomer and its variations, based on the concept of the present

invention.

fu case of an organic shell, the “organic content” of the resulting coraposite pigment
particles from inorganic core particles would be at least 20% by weight, preferably 20% to
70% by weight and more preferably 20% to 40% by weight. In this embodiment, the term
“organic content’” is determined by the total weight of the shell (12) and the steric stabilizers
{13} divided by the total weight of the core pigment particles (11}, the shell (12} and the steric

stabilizers (13}

‘ . . ) , 2 ~
The density of the shell is preferably low, lower than 2g/em” and more preferably

o 2 . ) . ~ .

ig/emv. The shell thickness may be controiled, based on the density of the shell roaterial and

the desired final particle density.
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The shell material is cither completely incompatible or relatively incompatible with the
display fluid in which the composite pigment particles are dispersed. Relatively
“incompatible” as used hercin, means that no more than 5%, preferably no more than 1%, of

the shell material is miscible with the display fluid.

fu order to achieve this complete or relative incorapatibility, a polymeric shell material
may have polar functionality on its main chaim or a side chain. Examples of such polar
functionality may inchude -COOH, —OH, -NH,, -O-R, -NH-R and the like (wherem R is an
alkyl or aryl group). Each of the side chains, in this case, preferably has Iess than 6 carbon

atoms. In one embodiment, the main chain or the side chain may contain an aromatic moicty.

In addition, the core pigment particle(s) and the shell should behave as one single unit.

This may be achieved by cross-linking or an encapsulation technique, as described below.

The steric stabilizer (13) 1o Figure 1 1s usually formed of high molecular weight
polymers, such as polyethylene, polypropylenc, polyester, polysiloxane or 8 mixture thereof,
The steric stabilizers should be compatible with the selvent i which the composite pigment

particles are dispersed to facilitate dispersion of the composite pigment particles in the solvent.

In addition to the steric stabilizer, the surface of the shell may optionally have
functional groups that would enable charge generation or interaction with a charge control
agent,

In another cmbodiment of the present mvention, the core particles ruay be formed from
an organic material, such as Clpigment PR 254, PR122, PR149, PG36, PGSR, PG7, PY 138,
PY150, PY20, PY83, PB15 or the like, which arc commonly used grganic pigment materials
described in the color index handbook “New Pigment Application Technology” (CMC
Pablishing Co, Ltd, 1986} and “Printing Ink Technology” (CMC Publishing Co, Ltd, 1984},
Specific examples may include Clariant Hostaperm Red D3G 70-EDS, Hostaperm Pink E-
EDS, PV fast red B3, Hostaperm red D3G 70, BASF Irgazine red L 3630, Cinquasia Red L
4100 HD, Trgazin Red L 3660 HD, Clanant Novoperm yellow HR-70-EDS, Blue B2G, Green
GNX and the like. The composite pigrment particles forrued from the organic core particles are

usually colored, such as red, green, blue, cyan, magenta, yellow or the like.

6
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The surface of the organic core particles may be treated or untreated. The surface
treatment would improve compatibility of the core pigment particles to the monomer in a
reaction medium or chemical bonding with the monomer, in forming the shell of the composite
color particles. The pre-treated functional melecules can be either chemically bonded or
physically absorbed onto the pigment particle surface. The functional molecules may bea

dispersant, surfactant or the like.

The shell for organic core particles is usually formed from an organic shell material, as

described above.

The stabilizers for the composite pigment particles prepared from organic core particles

may also be prepared as described below.

The “polymer content” of the composiie pigment particles prepared from organic core
particles may be at least 20% by weight, preferably 30% to 70% by weight and more preferably
40% to 60% or 30% to 50%, by weight. The termn “polymer content” is determined by the total
weight of the shell (12) and the steric stabilizers (13) divided by the total weight of the core

pigment particles (11), the shell (12) and the steric stabilizers (13).

The second aspect of the present invention is directed to the preparation of the
composite pigment particles of the present invention, which may involve a variety of

techniques.

1. Bispersion Polymerization
For exaraple, they may be formed by dispersion polymerization. During dispersion
polymerization, monomer is polymerized around core pigment particles in the presence of a
steric stabilizer polymer soluble in the reaction medium. The solvent selected as the reaction
medium must be a good solvent for both the monomer and the steric stabilizer polymer, but a
non~-solvent for the polymer shel being formed. For example, in an aliphatic hydrocarbon
solvent of Isopar G®, monomer methylmethaceylate is soluble; but after polymerization, the

resulting polymethylmethacrylate is not soluble.



10

WO 2015/013279 PCT/US2014/047627

The polymer shell formed from the monomer must be completely incompatible or
relatively incompatible with the solvent in which the composite pigment particles are
dispersed. Monomers suitable for forming the shell may be those described above, such as
styrene, methyl acrylate, methyl methacrylate, n-butyl acrylate, n-butyl methacrylate, t-butyl
acrylate, t-butyl methacrylate, vinyl pyridine, n-vinyl pyrrolidone, 2-hydoxyethyl acrylate, 2-

hydroxyethyl methacrylate, dimethylaminoethyl methacrylate or the like.

The steric stabilizer polymer may be a reactive and polymerizable macromonomer
which adsorbs, becomes imcorporated or is chemically bonded, onto the surface of the polymer
shell being formed. The macromonomer as a steric stabilizer, determines the particle size and

colloidal stability of the system.
The macromonomer may be an acrylate-terminated or vinyi-terminated macromolecule,
which are suitable because the acrylate or vinyl group can co-polymerize with the monomer in

the reaction medium.

The macromonomer preferably has a long tail, R, which may stabilize the composite
o ol E ) 4

pigment particles in a hydrocarbon solvent.

One type of macromonomers is acrylate terminated polysiloxane (Gelest, MUR-M11,

MCR-M17, MCR-MZ223, as shown below:

CH CHy CH, O CH,

R G Qe G G e G G HG O C = G CH,

GHs CHs CH,

Anpther type of macromonomers which is suitable for the process is PE-PEQO

macromonomers, as shown below:
RO [-CHCH0—~—CH—phenyl—CH = CH;

or
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RO [-CHCH O —C{=0)—C{CH3) = CH;

The substituent R may be a polyethylene chain, nis 1-60 and m is 1-500. The synthesis

of these compounds may be found in Dongri Chao et al., Polymer Journal, Vol. 23, no.9, 1045

{1991} and Koichi {to ¢t al, Macromolecules, 1991, 24, 2348,

A further type of suitable macrornonomers 18 PE macromonomers, as shown below:

CHz - CHz- ]y CH O C(=0}C(CH3) = CH,

The n, in this case, s 30-100. The synthesis of this type of macromonoracrs may be

found m Scigou Kawaguchi et al, Designed Monomers and Polymers, 2000, 3, 263.

2. Living Radical Dispersion Polvmerization
Alternatively, the composite pigment particles may be prepared by living radical

dispersion polymerization, as shown in Figuare 2.

The living radical dispersion polymerization technique is similar to the dispersion
polymerization described above by starting the process with pigment particles (21) and

monomer dispersed i a reaction medium,

The monomers used in the process to form the shell (22} may include styrene, methyl
acrylate, methyl methacrylate, n-butyl acrylate, n-butyl methacrvlate, t-butyl acrylate, t-butyl
methacrylate, vinyl pyridine, n-vinyl pyrrolidone, 2-hydoxyethyl acrylate, 2-hydroxyethyt

methacrylate, dimethylaminoethyl methacrylate and the Iike.

However i this slternative process, multiple living ends (24) are formed on the surface
of the shell (22). The hiving ends may be created by adding an agent such as TEMPO (2,2,6,6-
tetramethyl-1-piperidinyloxy), a RAFT (reversible addition-fragmentation chain transfer)

reagent or the like, in the reaction medium.



10

3]
joy

30

WO 2015/013279 PCT/US2014/047627

In a further step, a sccond monomer 18 added to the reaction medium to causc the
living ends (24) to react with the second monomer to form the steric stabilizers (23). The
second monomer may be lauryl acrylate, lauryl methacrylate, 2-ethylhexyl acrylate, 2-
ethythexyl methacrylate, hexyl acrylate, hexyl methacrylate, n-octyl acrylate, n-octyl

methacrylate, n-octadecyl acrvlate, n-octadecyl methacrylate or the like.

3 Non-aquecus Emulsion Poly-condensation
Further alternatively, the composite pigment particies roay be formed by coating core

pigment particles by non-aqueous cmulsion poly-condensation.

in this alternative process, the shell of the composite pigment particles may be a
polyurethane or polyurea material. The steric stabilizers may be non-polar long chain
hydrocarbon molecules. Polyurethane and polyurea usually are not compatible to a non-polar
bydrocarbon solvent and their bardness and clastic property can be tuned through the wonomer

COMpOsition.

This synthesis method s similar to emulsion or dispersion polymerization, except that
polycondensation occurs, inside micelles, with polyurcthane monomer and the inorganic core

pigment particles.

The polyurethane or polyurea coating system may be considered as an oil-in~oil
eroulsion, which contains two incompatible solveunts, one of which 1s a non-polar organic
solvent and the other is a polar organic solvent. The system may also be referred to as non-
aqueous craulsion polycondensation, in which the non-polar solvent is the contiruous phase
and the polar solvent is the non-continuous phase. The monomer and the inorganic pigment
particles are in the non-continuous phase. Suitable non-polar solvents may inclade the solvents
in the Isopar® series, cyclohexane, tetradecane, hexane or the like. The polar solvents may

include acetonttrile, DMFE and the like.
An emulsificr or dispersant s critical for this biphasic organic systern. The molecular

structure of the emulsifier or dispersant may contain one part soluble in the non-polar solvent,

and another part anchoring to the polar phase. This will stabilize the micclies/droplets

10
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containing the monorner and the inorganic pigraent particles and serving as & micro-reactor for

particle formation through polycondensation.

Suitable emulsifiers or dispersants may include di-block co-polymers, such as poly
(isoprene)-b-poly{methyl methacrylate), polystyrene-b-poly{ethene-alt-propene) (Kraton) or the

hike.

Also, a co-emulsifier may be added to form chemical bonding with the particles. For
exarnple, amine terminated hydrocarbon molecules can react with the particles during
polycondensation and bond to surface as robust steric stabilizers. Suitable co-cmulsifiers may

inchide surfonamine (B-60, B-100 or B-200) as shown below:

CH {0 CH,CHp e[~ OCH,CH{CHa - ]—NH;

wherein x 18 540 and v 1s 1-40.

In one approach, the process may continue growing polyacrylate steric stabilizers after
the polycondensation reaction in the microrcactor 18 completed. In this case, the shell is
tormed from polyurcthane while the steric stabilizers may be polyacrylate chains. After the
enmlsifier or dispersant used in the process is washed away from the particle surface, the
composite pigment particles are stable in the non-polar solvent {1.¢., display fluid) with the
polyacrylate stabilizers. Some materials that can initiate acrylate polymerization include

isocyanatoethyl acrylate, isocyanatostyrene or the like.

Monowmers for the steric stabilizer raay be a mwture of hydroxyethyl macthacrylate and
other acrylate that are compatible to the non-polar solvent, such as lauryl acrylate, lauryl
methacrylate, 2-ethythexyl acrylate, 2-cthylhexyl methacrylate, hexyl acrylate, hexyl
methacrylate, n-octyl acrylate, n-octyl methacrylate, n-octadecyt acrylate, n-octadecyl

methacrylate or the like.

in any of the processes described above, to incorporate functional groups for charge
generation, a co~-monomer may be added 1 the reaction raedium. The co-monomer roay cither

directly charge the compostie pigment particles or have interaction with a charge control agent

11
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n the display fluid to bring a desired charge polarity and charge density to the composite
pigment particles. Suitable co-monomers may include vinylbenzyl-aminoethylamino-propyl-
trimethoxystlane, methacryloxypropyltrimethoxysilane, acrylic acid, methacrylic acid, vinyl
phosphoric acid, 2-acrylamino-2-methylpropane sulfonic acid, 2-{dimethylamino}ethyl

methacrylate, N-[3-(dimethylamine jpropyl Imethacrylamide and the like.

A co-monomert, in the context of the present invention, 1S a monomer different from a
monemer already in a composition for forming the shell of composite pigment particles. When
both a monomer and a co-monomer are present in a reaction medium for formung the shell, the

charge polarity or intensity of the composite pigment particies may be tuned to a desired level.

For example, a yellow pigment {Clariant Hostaperm H4G-EDS) prepared from a
standard synthesis method (methyl methacrylate used as the monomer for forming the shell
and PBMS (polydimethylsiloxane) acrylate used as the stabilizer polymer) shows a positive
zeta potential. However, if a fluorinated co~monomer, ¢.g., 2-perfluorobutylethyl acrylate, s
added in the reaction mediura for forming the shell, the zcta potential of the yellow pigment

may be brought to be in the negative range (sec Figure 3).

in a further cxample, a blue pigment (Clariant Hostaperm B2G-EDS) produced from a
standard synthesis method {methy! methacrylate used as the monomer for forming the shell
and PDMS {polydimethylstloxane) acrylate used as stabilizer polymer) shows a very low
posttive charge level. But when a co-monomer, 2-{(dimethylaminojethyl methacrvlate, is
added in the synthesis of the shell, the charge level of the blue pigment increases as the

arnount of the co-monomer added increases (sec Figure 4).

As shown, the charge polarity of a pigment material may be changed from negative to
positive or vice versa by the addition of a co-monomer in the reaction medium for forming

the shell. The charge level of a pigment material may also be tuned by this method.

The co~monowmers that can introduce a negative charge way iuclade, but are not
tiraited to, fluorinated acrylate or fluotinated methacrylate. Specific exarples include 2-
perfluorobutylethyl acrylate, 2,2,2 trifluorocthyl methacrylate, 2,2,3,3 tetrafluoropropyl

methacrylate, 1,1,1,3,3,3-hexafluoroisopropyl acrylate, 1,1,1,3,3,3-hexattuoroisopropyl

12
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methacrylate, 2,2,3,3,3-pentafluoropropyl acrylate, 2,2,3,3-tetrafluoropropyl acrylate,
2,2,3,44,4- hamﬂugmbu‘{yi methacrylate, 2,2,3,3,4,4.4-heptatluorobutyl methacrylate or the
like.

The co-monomers that can introduce a positive charge may inchude, but are not
hmited to, 2-(dimethylamino)jethyl methacrylate, N-[3~(dimethylaminojpropyl}-
methacrylamide. The functional groups on these positive charge generating co-monomnmers
mclude, but are not limited to, -NHR, -NRy, -NH-, -NH; or the like (wherein R isup to 4

carbon atoms).

The main monomers for forming the shell are listed above in this application. For
example, they may be styrene, methy! acryliate, methyl methacrylate, n-butyl acrylate, n-butyl
methacrylate, t-butyl acrylate, t-butyl methacrylate, vinyl pyridine, n-vinyl pyrrolidone, 2-
bhydoxyethyl acrylate, 2-hydroxyethyl methacrylate, dimethylaminoethyl methacrylate or the
like. In somwe cases, the main monower may be acrylate, methacrylaye or styrene with

hydrocarbon side chains.

Some examples of suitable monomer-comonomer pair are methylmethacrylate and 2-
{dimethylamine jethyl methacrylate, methylmethacrylate and 2-perfluorobutylethyl acrylate,

methylmethacrylate and 2,2,2 trifluoroethyl methacrylate, and the like.

The molar ratio of charge tuning co-monomer to the total monomers {main
monomer plas co~-monower) can be 1o between $.1% to 50% based on desired charge

mtensity of particles, preferably in between 1% to 10%.

The qguantitics of the reagents used (e.g., the inorganic core pigment particles, the shell
materials and the material for forming the steric stabilizers) in any of the processes described
above may be adjusted and controlled to achieve the desired organic content in the resulting

composite pigment particles.

The third aspect of the present mvention is directed to a display fluid comprising the
composite pigment particles of the present invention, which composite pigracnt particles are

dispersed in a solvent. A preferred solvent has a low diclectric constant {preferably about 2 to
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3), a high volurne resistivity {preferably about 1015 ohro-cm or higher) and a low water
solubility (preferably less than 10 parts per million). Suitable hydrocarbon solvents may
include, but are not limited to, dodecane, tetradecane, the aliphatic hydrocarbons in the Isopar®
series (Exxon, Houston, Tex) and the hike. The solvent can also be a mixture of a hydrocarbon

and a halogenated carbon or silicone oil base material.

The present invention is applicable to a one-particle, two-particle or multiple particle
electrophoretic display fluid system. Tn a multiple particle system, there may be more than
two types of pigment particles and cach type has a color which is different from the colors of

other types.

In other words, the present invention may be directed to a display fluid comprising
only the composite pigment particles prepared according to the present invention which are
dispersed n a hydrocarbon solvent. The composite pigment particles and the solvent have

contrasting colors.

Alternatively, the present invention may be directed to a display fluid comprising two
types of pigiment particles dispersed in an organic solvent and at least one of the two types of
the pigment particles is prepared according to the present invention. The two types of
pigment particles carry opposite charge polarities and have contrasting colors. For example,
the two types of pigment particles may be black and white respectively. In this case, the black
particles way be prepared according to the present invention, or the white particles may be
prepared according to the present nvention, or both black and white particles may be

prepared according to the present imvention.

The composite pigment particles prepared according to the present invention, when
dispersed i an organic solvent, have many advantages. For example, the density of the
compeosite pigment particles may be substantially matched to the organic solvent, thus
improving performance of the display device. In other words, the difference between the
density of the coraposite pigment particles and the density of the solvent is less than 2 g/em”,

- ;3 - ;
more preferably less than 1.5 g/em” and most preferably less than 1 glent’,
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In the two particle system, 1f only one type of the pigment particles s prepared
according to the present invention, the other type of pigment particles may be prepared by any
other methods. For example, the particles may be polymer encapsulated pigment particles.
Microencapsulation of the pigment particles may be accomplished chemically or
physically. Typical microencapsulation processes include interfacial
polymerization/crosslinking, m-sity polymerization/crosslinking, phase separation, simple or
coraplex coacervation, electrostatic coating, spray drying, fluidized bed coating and solvent

evaporation, Sic.

The composite pigment particles prepared by the previously known techniques may
also cxhibit a natural charge, or may be charged explicitly using a charge control agent, or
may acquire a charge when suspended in the organic solvent. Suitable charge control agents
are well known in the art; they may be polymeric or non-polymeric in nature, and may also be
wonic or non-iouic, inchuding onic surfactants such as sodium dodecylbenzenesulfonate,
metal soap, polybutene succimimide, maleic anhydride copolymers, vinylpyridine copolymers,
vinylpyrrolidone copolymer, (methjacrylic acid copolyvruers or N N-dimethylaminocthyl
{methacrylate copolymers), Aleolec LV30 (soy lecithin}, Petrostep B100 (petroleum
sulfonate} or B70 (barmm sulfonate), Solsperse 17000 {active polymeric dispersant),
Solsperse 9000 (active polymeric dispersant), OLOA 11000 (succinimide ashless dispersant),
CLOA 1200 (polyisobutylene succininnides), Unithox 750 (ethoxylates), Petronate L (sodium

sulfonate}, Disper BYK 101, 2095, 185, 116, 9077 & 220 and ANTI-TERRA series.

EXAMPLES
Exampie 1

Step A: Deposition of Vinyibenzylaminoethylaminopropyl-trimethoxysilane on Black
Pigment Particles

To a 1 L reactor, Black 444 (Shepherd, 40 g), 1sopropano! (320 g), DI water (12 g3,
ammonium hydroxide {28%, 0.4 g} and Z-6032 (Bow Corning, 16 g, 40% in methanol) were
added. The reactor was heated to 65°C with mechanical stirring in a sonication bath. After 5
hours, the rxture was ceotrifuged at 6000 rpm for 10 minutes. The solids were redispersed
n isopropanot (300 g), centrifuged and dried at 50°C under vacuum overnight to produce 38 g

of desired pigrment particles.
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Step B: Preparation of Polymer Coating on Pigment Particles through Bispersion
Polymerization

Two (2} g of polyvinylpyrrolidone (PVP K30) was dissolved in a mixture of 94.5g
water and 5.5g ethanol. The sohution was purged with nitrogen for 20 minutes and heated to
65°C. The pigment particles (4 g) prepared from Step A was dispersed in a mixture of 3.0g
lauryt acrylate, 0.2g divinylbezene and 0.03g AIBN (azobisisobutyronitrile) to form a uniform
suspension. This suspension was added into the PVP solution at 65°C. With stirring, the

polymerization reaction lasted about 12 hours.

Then a mixture of 3.0g octadecyl acrylate and 0.03g AIBN was added into the above

reaction flask and the reaction was continued for 12 hours.

The solids produced were separated from the liquid through centrifugation and then
washed with isopropanol and methylethylketone to remove PVP K30 and other chemicals that
were not bonded on the pigment particles. The solids were dried at 530°C under vacuum to
produce final compostte black particles. The organic content of the particles produced was

about 34% by weight, tested through TGA (thermal eravimetric analysis).
3 g g g ¥

Example 2

Synthesis of Colored Composite Pigment Particles

Hostaperm Red D3G 70-EDS (Clariant, 2.5g}, methyl methacrylate (8g) and toluene
(2g) were added mto a 20 ml vial and sounicated for 2 hours. To a 250 mul reactor, the above
mixture, MCR-M22 (Gelest, 5.7g) and DMS-TO1 {Gelest, 30g) were added. The reactor was
heated to 70°C with magnetic stirring and purged with nitrogen for 20 ruinutes, followed by
the addition of lauroyl peroxide (0.07 g). After 19 hours, the mixture was centrifuged at 5000
rpn for 15 minutes. The solids produced were redispersed in hexane and centrifuged. This
cycle was repeated twice and the solids were dried at roormn temperature under vacuum to
produce the final particles. The polymer content of the particles produced was about 49 % by

weight, tested through TGA (thermal gravimetric analysis).

While the present juvention has been described with reference to the specific

cmbodiments thereof, it should be understood by those skilled in the art that various changes
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may be made and cquivalents may be substituted without departing from the scope of the

mvention.
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WHAT IS CLAIMED IS5

1. A method for tuning the charge level of a composite pigrent particle,
comprising
{1} providing a composiiion comprising 8 monormet,

(i1}  seclecting a co-monomer to be added to the composition wherein the co-
monomer is capable of introducing a positive charge or a negative charge to the composite
pigment particle or altering the charge level of the composite pigment particle, and

(i) forming a shell of the composite pigment particle using the composition.

2. The method of claim 1, wherein the monomer 18 styrene, methy! acrylaie,
methyl methacrylate, n-butyl acrvlate, n-butyl methacrylate, t-butyl acrylate, t-butyl
methacryvlate, vinyl pyridine, n-vinyl pyrrohidone, 2-hydoxyethyl acrylate, 2-hydroxycthyl

methacrylate or dimethylaminocthyl methacrylate.

3. The method of claim 1, wherein the monomer is acrylate, methacrylate, or

styrene with a hydrocarbon side chain.

4. The method of claim 1, wherein the co-roonomer is selected from the group
consisting of vinylbenzyl-aminocthylamino-propyl-trimacthoxysilane,
methacryloxypropyvltrimethoxysilane, acrylic acid, methacrylic acid, vinyl phospheric acid,
2-acrylamino-2-methylpropane sulfonic acid, 2-{(dimethylamino)ethyl methacrylate, and N-

[3-{dimethylamino)propylimethacrylamide.

S. The method of claim 1, wherein the co-monomer is a fluorinated acrylate, or

fluorinated methacrylate, to miroduce a negative charge.

6. The racthod of claira 1, wherein the co-monomer is 2-perfiuorobutylethyl
acrylate, 2,2,2 trifluorocthyl methacrylate, 2,2,3,3 tetrafluoropropyl methacrylate,
1,1,1,3,3,3-hexatluoroisopropy! acrylate, 1,1,1,3,3,3-hexafluoroisopropyl methacrylate,
2,2,3,3 3-pentafluoropropyl acrylate, 2,2.3,3-tetrafluoropropyl acrylate, 2,2,3,4,4,4-
hexafluorobutyl methacrylate, or 2,2.3,3,4.4,4-heptafluorsbutyl methacrylate, to introduce a
negative charge.

18
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7. The method of claim 1, wherein the co-roonomer 15 2-{(dimethylamino jethyl
methacrylate or N-{3-(dimethylaminopropyl-methacrylamide, to introduce a positive

charge.

S. The method of claim 1, wherein the co-monomer comprises a functional
group selected from the group counsisting of -NHR, -NR2, ~NH- and -NH2, wherein R 1s an

alloyl of up to 4 carbon atoras, to infroduce a posttive charge.

9. The rocthod of claira 1, wherein pair of the monomer and the co-monoruer 18
methylmethacrylate and 2-(dimethylamino jethyl methacrylate, methylmethacrylate and 2-

perfluorebutylethyl acrylate, or methylmethacrylate and 2,2,2 trifluoroethyl methacrylate.

10, The method of claim 1, wherein the molar ratio of the co-monomer to the

total of the monomer and the co-monomer 18 between 9.1 to 50%.

i1, The method of claim 18, wherein the molar ratio of the co-monomer to the

total of the monomer and the co-monomer 18 between § o 10%.

12. A composite pigment particle for an clectrophoretic display comprises at
least a core pigment particle, a sheli coated over the core pigment particle, and steric
stabilizer molecuies on the surface of the composite pigment particle, wherein the shell is
formed from a mounoroer and a co-monomer, wherein the monomer is styrene, methyl
acrylate, methyl methacrylate, n-butyl aceylate, n-butyl methacryvlate, t-butyl acrylate, t-
butyl methacrylate, vinyl pyridine, n-vinyl pyrrolidone, 2-hydoxyethyl acrylate, 2-

hydroxyethyl methacrylate, dimethylaminoethyl methacrylate.

13, The particle of claim 12, wherein the co-monomer is 2-perfluorcbutylethyt
acrylate, 2,2,2 trifluorocthyl methacrylate, 2,2,3,3 tetrafluoropropyl methacrylate,
1,1,1,3.3,3-hexafluoroisopropy! acrylate, 1,1,1,3,3.3-hexaflnoroisopropyl methacrylate,

2.2,3,3,3~-pentafluoropropyl acrylate, 2,2,3,3-tetrafluoropropyl acrylate, 2,2,3,4.4,4-

hexafluorobutyl methacrylate, or 2,2,3,3,4.4,4-heptafluorobutyl methacrylate,
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14, The particle of claim 12, wherein the co-raonomer s 2-

{dimethylamine jethyl methacrylate or N-{3-(dimethylaminopropyl]-methacrylamide.

1s. The particle of claim 12, wherein the molar ratio of the co-monomer to the

5  total of the monomer and the co-monomer is between (.1 to 50%.
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