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To reduce an enemy's ability to detect a military object, it is desirable that the camouflage
(1) can be incorporated into a military object without impeding the military object to perform its
mission or intended use; (2) can reduce the detection of the military object by a wide range of
detectors; (3) can dynamically adapt to widely varying battlefield environments (such as night,
25  day, or rain), movements, and multiple geographic locations and environments within a given
battle theater; (4) can be rapidly reconfigured or changed to various patterns to suit widely
varying geographic environments; and (5) can be deployed at acceptable cost. Improved
camouflage can provide some of the above desirable features and significant tactical advantages
in use.
30
SUMMARY OF THE INVENTION

Adaptive camouflage structures are disclosed herein that may be dynamically adjusted to

disguise the appearance of an object, such as military personnel, vehicles, equipments, and

structures, so that the object appears like its immediately surrounding environment to detectors



adaptive canoufl age structures of this invention may provide a w de view ng
angle and nay easily be incorporated as an integral part of the object. One
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and a mixture inside the shell, wherein the mixture comprising an oil and a plurality of flakes
comprising of a polymer and wherein a layer of metal is coated on one of the flat surface of each

flake.

In some embodiments of interest, about 25% to 75% of each of the electroactive particles
25  in the first reflective layer reflects visible light and the remaining 75% to 25% of the particle
does not reflect visible light. In other embodiments of interest, about 25% to 75% of each of the
electroactive particles in the second reflective layer reflects infrared radiation, radio frequency,
microwave, UV light, or a combination thereof and the remaining 75% to 25% of the particle
does not reflect infrared radiation, radio frequency, microwave, UV light, or a combination
30 thereof. In further embodiments of interest, about 25% to 75% of each of the electroactive
particles in the third reflective layer reflects infrared radiation, radio frequency, microwave, UV

light, or a combination thereof and the remaining 75% to 25% of the particle does not reflect

infrared radiation, radio frequency, microwave, UV light, or a combination thereof.



infrared radi ation, radio frequency, mcrowave, UV |light, or a conbination
thereof . O her features and advantages of the invention wll be apparent
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fromthe clainms. BRI EF DESCRI PTION OF THE D RAW NGS The foregoi ng and ot her
features and advantages of the inventioR_are apparent fromthe foll ow ng
nore particul ar description of specific enbodi ments of the invention, as

i | lustrated Othet Heatarss canpamdyanggel afiiting snvientivdnivill bé lepparedtefremc thenfoffbeis:
refer tgo the.sa arts thro out, the different views. The draw ngs are
not nec@essg%l?tilqnyonftg%g%@%l,ar@’ﬂ% e tsi%??%aﬁf“ﬁ%?ﬁdhwl&% upon illustrating
the principles of the invention. FIG 1 is a schematic sectional view of an

enbodi ment of an adaptive canoufl age structure conprising two reflective
| ayers and two adj ust ablBRIH PEHEREAIION QFi THED BAMVENGODhere the top

reflective |ayer ref.lect i si-ble |ight,and the.hot.tom.refl|ective, layer
ot 1Bt s ot T Ebfing Bhe gifle? Eebbied Al hay2Rfacki e R\ ORRHOR ohF Sty PG ine
enbodi MRMibwalg MBreaptantilyeddsaniptitn GO esific Weibodan&ANBT thel ingedtioness Niakhf6d ive

| ayers and three adjustable voltage pattern interlayers, where the to
r ef | ectihg@ceompanyes drawings yn syhighelig Fkerencermmpheasiredor tefthe sung partsihepughout

oot B LR Al b @0 U5, PRELA B LG DA GG futar

Spi nni ngpoai 18 kstfaning nekprigeigbeaithoasentie. bi chromal beads from two di fferent

har]g)enable I%ﬁifl,rraterials in which the cross section_is taken through t he

axi'd of the BGk! iFacschemalc sechinahyisve ofi e cbediitsnt 2k Bnibaiive semepiiage

doubl e BAhRE ROmPAZAL Gwb IEALBRKE 1 %W&&hé&@m@%@hﬁ&*ﬁéueﬁ@ﬁﬁéﬂg AMGHER:

di fferent Char den blle‘lgl I qui d mat Q%Cal S havi n& opposi te” char ges. Flyr& ngjhl S a

schenmuatthe tpemrspediveieyari mflec$ vamble nighdiamd rthe dfottams piflentive lajies keflests imditeraulg

el ectroacti.ve bichromal beads fromtwo different hardenable liquid

mat er i d*€'*H8Vi ng opposite charges. FIG 6 is a schematic side view of an

enbodi ment off@M assehdleihafl bHRE] YRIMNRING SinBdinfedf ofBli AthplleChmeanideve

pol ychromal segnented beads fromdifferent hardenable liquid materials.

FI &> 7 digichire chawpiising Sees rdlealive lawropndilisatastiistabie vottage ppiterni intpriahek,

222 t ?Oﬁgﬁ%ré ,?% go V%e?l%gt{i}ge}zla rgrleggti:tssef\ lv?)s?l%l% E%ﬁ%:t}s{?? mqgglg%eﬂgctiv\\/@Ilg}t]ertrgﬁec?sr ¥ared
radiation, and the bottom reflective layer reflects radio frequency.

FIG. 3 is a schematic sectional view of an embodiment of a spinning disk for making
electroactive bichromal beads from two different hardenable liquid materials in which the cross

20  section is taken through the axis of the disk.

FIG. 4 is a schematic side view of an embodiment of a double barreled nozzle for making
electroactive bichromal beads from two different hardenable liquid materials having opposite
charges.

FIG. 5 is a schematic perspective view of an embodiment of a spinning disk for making

25  electroactive bichromal beads from two different hardenable liquid materials having opposite
charges.

FIG. 6 is a schematic side view of an embodiment of an assembly of three spinning disks
for making electroactive polychromal segmented beads from different hardenable liquid
materials.

30 FIG. 7 is a schematic sectional view of an embodiment of a spinning disk and a coating
devise for making electroactive beads in which the cross section is taken through the axis of the
disk.

FIG. 8 is a schematic side view of an embodiment of a double barreled nozzle and a

coating devise for making electroactive beads.



FIG 8 is a schematic side view of an enbodi nent of a double barrel ed
nozzl e and a coating devise for making electroactive beads. FIG 9 is a
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wherein the first and second reflective layers further comprise respectively a plurality of
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electroactive particles 60 and 61 rotatably embedded or dispersed in the respective host material.
The electroactive particles 60 and 61 may be, exactly or generally, in the form of sphere, bead,
25  oval, cylinder, disk, flake, or a combination thereof. The electroactive particles in the first
reflective layer may reflect, for example, visible light 1 from the surrounding environment of the
object and the electroactive particles in the second reflective layer may reflect infrared radiation
11 from the surrounding environment of the object. The first host material is transparent to both
visible light and infrared radiation and the second host material is transparent to infrared
30  radiation. A material is transparent to a particular region of the electromagnetic spectrum if it
allows at least a portion of the region of the electromagnetic spectrum to pass through the
material. In some embodiments, the electroactive particles 60 and 61 are, exactly or generally,
in the form of sphere, bead, oval, cylinder, or a combination thereof, and the first host material

and the second host material are each independently a polymeric material selected from the



material. In some enbodi nents, the electroactive particles 60 and 6 1 are,
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contains electroactive particles that can reflect UV light, infrared radiation, microwave, radio

frequency, or a combination thereof. Consequently, such reflective layer may be selectively
25  used as an infrared reflective layer, a radar reflective layer, a UV reflective layer, or a microwave
reflective layer.

Optionally, an adhesive layer may be applied on the outer surface of the second reflective
layer 13 for adhesively mounting the two-layered adaptive camouflage structure on the surface
of an object. Any suitable adhesive materials known in the art may be utilized for this purpose.

30  Non-limiting examples of suitable adhesive materials include phenol-formaldehyde resins,
polychloroprene, urea-formaldehyde adhesive, nitrile rubber-phenolic adhesives, epoxy resin
adhesives, nitrile rubber-epoxy film adhesives, nylon-epoxy film adhesives, isocyanate based
adhesives, hot melt adhesives, cyanoacrylate adhesives, anaerobic adhesives, silicone adhesives,

high temperature resistant adhesives, hypalon toughened acrylate adhesives, bismaleimide-based



Non-limting exanples of suitable adhesive materials include
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the respect M. ogkpidat & ieadbddintdt | dM@lthite-1RRra0 B@FHNE dadMRMflage structure for
disguising an object 50. The adaptive camouflage structure of FIG. 2 comprises a first reflective
layer 3 having a first host material, a second reflective layer 13 having a second host material,
25  and a third reflective layer 23 having a third host material, wherein the first, second, and third
reflective layers further comprise respectively a plurality of electroactive particles 60, 61, and 62
rotatably embedded or dispersed in the respective host materials. Optionally, an adhesive layer
may be applied on the outer surface of the third reflective layer for adhesively mounting the
three-layered adaptive camouflage structure on the surface of an object. Any suitable adhesive
30  materials may be utilized for this purpose. Alternatively, the three-layered adaptive camouflage
structure may be mounted on the surface of the object by any conventional mechanical fasteners,
such as screws, nails, bolts and nuts, hook-and-loop type fasteners, and hook-and-hook type

fasteners.
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pattern interlayers 40 may be placed over the surface 30 of the object 50 and/or at the interfaces
between two adjacent layers. A person skill in the art may modify the first reflective layer 3 so

25  that it may reflect another radiation other than visible light, such as UV light, infrared radiation,
microwave, radio frequency, or a combination thereof. Similarly, a person skill in the art may
modify the second reflective layer 13 so that it may reflect another radiation other than infrared
radiation, such as visible light, UV light, microwave, or radio frequency. Similarly, a person
skill in the art may modify the third reflective layer 23 so that it may reflect another radiation

30 other than radio frequency, such as visible light, UV light, microwave, or infrared radiation.

The visible light reflective layer 3 may comprise a host material that is sufficient
transparent to visible light to allow at least a portion of the visible spectrum to pass through.

Optionally, the host material for the visible light reflective layer 3 may be sufficiently

transparent to at least another region of the electromagnetic spectrum, such as infrared radiation,
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adjacent to the V1s1ble light reflective layer, the bichromal beads, each independently, rotate to

present one color so as to form a selected visible image collectively. The visible image may stay
25 inplace without power for a long time until a new voltage pattern is applied.

The bichromal beads may be prepared by conventional techniques known in the art. For
example, a bichromal bead may be prepared by sputtering a light reflective material, such as
titanium oxide, on one hemisphere of a bead comprising a black polyethylene. Alternatively, a
bichromal bead may be prepared by coating on one hemisphere of a white glass bead of about 10

30 pm to 1 mm in diameter, with an inorganic coloring material such as indium by evaporation.
Alternatively, a bichromal bead may be prepared by coating on one hemisphere of a glass bead
heavily loaded with a white pigment (e.g., titanium oxide) in a vacuum evaporation chamber
with a layer of nonconductive black material (e.g., graphite, titanium carbonitride, and a

combination of magnesium fluoride and aluminum). Bichromal beads may also be prepared by
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about 200 microns in diameter, depending on the spinning speed of the spinning disk 62 and the

viscoelastic properties of the molten liquid.
Referring to FIGS. 4 and 5, alternative methods are shown for producing bichromal beads
25 99 and 101 having an implanted dipole moment by means of combining two differently colored
hardenable liquid material 93 and 94 in a double barreled nozzle 91 or on a spinning disk 100.
The liquid materials 93 and 94 are charged by means of positive electrode 95 and negative
electrode 96 and combine by means of electrostatic attraction at the exit of the double barrel
nozzle or at the rim of the spinning disk to form respectively bichromal beads 99 and 101, all of

30  which have an implanted dipole moment.

In other embodiments of interest, the electroactive particles in the visible light reflective
layer of the adaptive camouflage structure comprise polychromal segmented beads. Referring to

FIG. 6, polychromal segmented beads may be prepared by using an assembly of three spinning

disks 71. Different colored hardenable liquid materials may be introduced by delivery means
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m cr Oepss’lﬁ%l& adharbeli NhRE FANEAY Bld Segatively charged black particles, all of which are
suspended in an oil within the bead. Therefore, when a negative electric field is applied to such
a microencapsulated ink bead, the negatively charged black particles move to the bottom of the
microencapsulated ink bead where they are hidden, whereas the positively charged white
25 particles move to the top of the microencapsulated ink bead where they can reflect visible white
light to an observer. This process can be reversed by applying a positive electric field which
causes the negatively charged black particles to move to the top of the microencapsulated ink
bead where they absorb visible light. Microencapsulated ink beads may be prepared by many
conventional encapsulation techniques, such as those disclosed in U.S. Patent No. 6,067,185,

30 which is incorporated herein by reference.

Numerous suitable procedures for microencapsulation are detailed in both
Microencapsulation, Processes and Applications, (I E. Vandegaer, ed.), Plenum Press, New
York, N.Y. (1974) and Gutcho, Microcapsules and Mircroencapsulation Techniques, Nuyes Data
Corp., Park Ridge, N.J. (1976), both of which are incorporated herein by reference. The
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may be formed by reacting a water soluble diol with an oil soluble diisocyanate. More detailed
description of the preparations and applications of microencapsulated ink beads are disclosed in
25  U.S. Patent Nos. 6,753,999, 6,738,050, 6,727,881, 6,724,519, 6,721,083, 6,710,540, 6,704,133,
6,652,075, 6,422,687, 6,120,588, 6,118,426, 6,067,185, and 6,017,584, all of which are

incorporated herein by reference.

In other embodiments of interest, the electroactive particles of the visible light reflective
layer of the adaptive camouflage structure comprise liquid crystal polymer electroactive flakes or
30  birefringent polymer electroactive flakes. The electroactive flakes may be prepared from liquid
crystal polymer materials, such as nematic liquid crystal polymer materials and cholesteric liquid
crystal polymer materials. The electroactive flakes may also be prepared from birefringent
polymers that do not possess liquid crystalline properties. The electroactive flakes may be

prepared by casting on a silicon substrate at an elevated temperature a solvent-free film
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The hoxatatgat’drs arovades ombihe tviidbleilighareflective layer a stable visible image which remains
until it is changed by the application of another electrical field. Electrical signals applied in this
way allow various selected images to be placed on the visible light reflective layer as desired.

25 The infrared reflective layer 13 may comprise a host material that is sufficiently
transparent to infrared radiation to allow at least a portion of the infrared spectrum to pass
through. Optionally, the host material for the infrared reflective layer 13 is sufficiently
transparent to other electromagnetic radiations, such as radio frequency, microwave, UV light,
and a combination thereof, to allow at least a portion of the other electromagnetic radiations to

30  pass through. Non-limiting examples of suitable host material for the infrared reflective layer 13
include polycarbonates, polyesters, polyamides (e. g., nylons), polysiloxanes (e.g., silicones and
cross-linked silicones), polyethylene, polypropylene, and conducting polymers such as
polyaniline,  polypyrrole, polythiophene, poly(p-phenylene), polyacetylene, poly(p-

phenylenevinylene), and combinations thereof. Embedded within the host material is a plurality
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obj ect st8dln ﬁlgn%qr?ro}qglentp (?fe an object are thermally cooler than the object to be camouflaged in
the infrared region. The Infrared reflective layer 13 of this invention reflects into an infrared
25  detector the lower level of infrared radiation coming from the sky and the surrounding
environment while at the same time reflecting away from an infrared detector infrared radiation
of the object, masking the temperature of the object by making it appear to be thermally cooler
and look like the surrounding environment.
A non-limiting specific example of preparing an infrared reflective electroactive bead or
30  cylinder include the step of coating an infrared reflective material, such as metals and metal
oxides, on at least a portion of a bead or cylinder comprising an electrically non-conducting
material, such as glass and organic material (e.g., polyethylene), having an infrared reflectance

less than 50%. The bead is generally spherical or elliptical. The bead or cylinder have a size in

the range of about 10 um to about 1 mm. Non-limiting examples of suitable metal include
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Infrared reflective layer 13 comprise infrared reflective electroactive microcapsules. Each
infrared reflective electroactive microcapsule contains a shell, an oil or a liquid carrier within the
25 shell, and dispersed in the liquid carrier a plurality of two different kinds of particles having
opposite electrical charges or polarities. The first is a plurality of particles of an electrically
conducting material, such as metals and metal oxides. The second is a plurality of particles of
an electrically non-conducting material, such as various glasses and organic materials. The
clectrically conducting particles and the electrically non-conducting particles may be, exactly or
30  generally, in the form of irregular shape, sphere, bead, oval, cylinder, disk, flake, or a
combination thereof. The infrared reflective electroactive microcapsule generally is spherical or
elliptical in shape. In some embodiments, the electrically conducting particles that are capable
to reflect infrared radiation are positively charged, and the electrically non-conducting particles

that do not reflect infrared radiation are negatively charged. When a negative electric field is
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isododecane, isononane and cyclohexane; aromatic hydrocarbons such as benzene, toluene and

xylene; halocarbon liquids such as 1,1,2-trichloro-1,2,2-trifluoroethane,

trichloromonofluoromethane and carbon tetrachloride; and isoparaffinic hydrocarbons such as

25 various Isopar™ carrier liquids from Exxon Company, Houston, TX, and Norpar” carrier liquids

from ExxonMobile Chemical, Houston, TX. The size of the infrared reflective electroactive
microcapsules may vary from 1 to 1000 microns.

In some embodiments, the infrared reflective electrically conducting particle include

particles of metals and metal oxide, such as aluminum, gold, silver, indium oxide, tin oxide,

30  indium tin oxide, cadmium stannate (Cd;SnOy), copper-doped cadmium stannate, stannic oxide,

and fluorine-doped stannic oxide. In other embodiments of interest, the size of the metal

particles is in the range of 1 nanometer to 1 micron. infrared reflective metal particles may be

prepared according to methods know in art such as the metal salt reductive method, metal

evaporation method, surfactant-stabilized-metal dispersion method, and the methods disclosed in
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NPE-4000, available from Nano-master Austin, TX, Ultra-High Vacuum CVD Process System,

Model UHV-CVD-5000, available from Tek-Vac Industries, Brentwood, NY; sputtering systems
such as sputter coaters, models NSC 4000 and 3000, available from Nano-master, Austin, TX,
and EXPLORER™ 14 Magnetron Sputtering System, DISCOVERY® 18 DC/RF Research
25  Magnetron Sputter Deposition System, DISCOVERY® 24 Multi-Cathode DC/RF Magnetron
Sputter System, and Bench Top Turbo IV High Vacuum Deposition System, all available from
Denton Vacuum, Moorestown, NJ; gas evaporation reactors such as that described in U.S. Patent
No. 4,871,790, incorporated herein by reference; the Klabunde-style static reactors; and rotary
reactors of the Torrovap™ design (available from Torrovap Industries, Markham, Ontario,
30  Canada). Next, the metalized coating is fractured into a plurality of electroactive infrared
reflective flakes by pouring liquid nitrogen over the silicon substrate. The electroactive infrared

reflective flakes may be dispersed in an oil and then turned into microcapsules according to the

encapsulation techniques described above.,



ive |ayer 13 conprise infrared ref!ectlye el ectroactive _
In‘im(c:;g(r::gslrjta](calsfactEach i myrar ed rem)ecti ve gal ectroactive m cropapsul edcpnt ?lhgs
a shel |, wo20dd090r78a |iquid carrier within the shell, ademssm)_%mfsﬂ 0 Ieg
liquid carrier a plurality of infrared reflecti ve fl akes_. The in Irial_r 4
reflective electroactive mcrocapsule generally is spherical or ellip

i L d | ective flakes may be prepared by casting on a
Isinl iszgﬁe'su-tl)-ggb P g? If%arl '[ gﬁlﬁrfag;ﬁa@\%ﬁaé’obet &9 dacifitateghe dispensingf ofdtbe ﬁmfrared:wmﬂlsec gg
a |1 qui flalasysialech@ialigRondictiag BhitRIkHARE ROIMIRY noleXlaudie ouL et sur fa
of the cast filmis coated with an infrared refrectrve :

al umi nulPISERHBE GRpPied i uADIo sefdetom for hnfbarkd moflORREAARES and URNIeAABALY

: : ; X : ) S obum
ol ybeseon Otz pELBs 18RS Ul Bl RalRd gl e enempucd: svartpas Sy LS,
 pdium ane 573 Gntilteyton! anichartitnisadal | Chiufi 18Uyt ARLA 4l g 21
ooy AR el S i Sy st o
. ) . . . e
Tapor - depcOrTbL 0 ChaalTD st AMGEOUP Tt Buiie’ Bpient: Nanren et 200D,
poo] PB4 d ot SoimylsahegChol AREVBIGHSH BN BILkiRE: 4000 0wy by o
avai -master, Austin, TX, Utra-H gh Vacuum rocgessp
asyvglt leﬁa%ﬁ%{%{erﬁ%%m\a’?ﬁ%&fb%’ﬁ 1 o | Qe Chemek-GupanySan rFrescisdBy e:zx)ggsgg,
: Utytdsock ’ e oat er noael C 40 a ,
vl | bl o sk T L U Do SRS Sk O Sh e e 100D T i drosm, 101

Lippi RY). BerBCAIRPedRe S eadtion JYREO QIrFRnPRULBE
%ug;?gﬁ%ﬁl@ﬁgglm;ngY) ( :1)1 g§4elﬁnllt,ti - Cat hode DC/ RF I\Sagngt ron SplrJaf[n &r
Sygt em gg)g%éenc'h g@p l%ﬁedl@tﬁeé‘ﬁa grum Deposition System all avai Ihaf)l e
escr i bod 10 U S Patont o 8] P ekl e B Ll Fe Bkt
? ﬁZCH gtgqﬂﬂﬁ'g@rg% ?F%e%%/g? fitlf&@ﬁs-eﬁ@i elestricaliyd condantipgr eatitios, So0fthd BRCIRENPURRA( T M)

S AR ) A S T e v
7o gkt uo kN g TS 908 O B L 80y |,
LR TS5l sl dombrat s shevamogt
Faci 11 are thearanEls et fufle, 20 i uB TR, cath Nl PntD. zvav)
et et CHMCRIDN e chbesi . ) it sy, BRI g
P ar SEE e sl e Shav i AN ol misraioominies it eganc
and E23 {aval | bl e 11 om ATooo. Ghe oal Ca. Tothi GG TP kmEr el
addi ti nig, Rojdsg greferably aliphatic fatty acids such as stearic acid, behenic acid, neodecanoic
acid, diisopropylsalicylic acid, abietic acid, naphthenic acid, octanoic acid, lauric acid, tallic acid,
and the like. In some embodiments, the positive charge directors are the metallic carboxylates
25  (soaps) described in U.S. Pat. No. 3,411,936, incorporated herein by reference, which include
alkaline earth- and heavy-metallic salts of fatty acids containing at least 6-7 carbons and cyclic
aliphatic acids including naphthenic acid. In other embodiments, the positive charge directors
are polyvalent metal soaps of zirconium and aluminum. In further embodiments, the positive
charge director is the zirconium soap of octanoic acid (Zirconium HEX-CEM from Mooney
30 ‘Chemicals, Cleveland, Ohio). Non-limiting examples of suitable negative charge directors are
polymers or copolymers having nitrogen-containing monomer, quaternary ammonium block
copolymers, lecithin, basic metallic petronates such as basic barium petronate, basic calcium

petronate, and basic sodium petronate, metal naphthenate compounds, and polyisobutylene

succinimide available as OLOA™ 1200 from Chevron Oronite Company LLC, Houston, TX,
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In general, a good electrical conductor, such as a metal, has a high radio frequency
reflectivity. Non-limited examples of good radar reflective material include metals such as
25  aluminum, scandium, titanium, vanadium, chromium, manganese, iron, cobalt, nickel, copper,
zine, gallium, germanium, yttrium, zirconium, niobium, molybdenum, technetium, ruthenium,
rhodium, palladium, silver, cadmium, indium, tin, antimony, lanthanum, gadolinium, hafhium,
tantalum, tungsten, rhenium, osmium, iridium, platinum, gold, thallium and lead, and metallic
alloys. A poor electrical conductor, such as various glasses and organic materials, has little
30 electron mobility and thus a low radio frequency reflectivity. The radar reflective layer will
reflect into a radar detector the lower level of radio frequency coming from the sky and the
surrounding environment while at the same time reflecting away from the radar detector all other

radio frequencies, making the camouflaged object appear to look like the surrounding

environment.
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23 comprise radar reflective electroactive microcapsules.
In some embodiments of interest, the radar reflective layer 23 may be prepared by
embedding a plurality of the above-described radar reflective electroactive particles in a host
25  material, such as cross-linked silicones, which is then cured and soaked in an oil, such as silicone
oils. The host material absorbs the oil and swells. The swelling process creates tiny oil-filled
cavities holding the radar reflective electroactive particles. The radar reflective electroactive
particles may rotate within such cavities when a voltage is applied. The angle of rotation can be
controlled by the strength of the electric field. To overcome adhesive forces between the radar
30 reflective electroactive particles and the cavity wall, an electric field above an electrical
threshold is applied before they rotate. This application of a field provides a stable image that
remains on the radar reflective layer 23 until it is changed by the application of another electrical

field.  Electrical signals applied in this way allow selected images to be placed on the radar

reflective layer 23 as desired.
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germanium, ytirium, “zirconium, niobium, molybdenum, technetium, ruthenium, rhodium,
palladium, silver, cadmium, indium, tin, antimony, lanthanum, gadolinium, hafnium, tantalum,
tungsten, rhenium, osmium, iridium, platinum, gold, thallium and lead, and metallic alloys. A

25  poor electrical conductor, such as various glasses and organic materials, has little electron
mobility and a low UV reflectivity. In general, a UV reflective layer may reflect into a UV
detector the lower level of UV light coming from the sky and the surrounding environment while
at the same time reflecting away from the UV detector all other UV light, making the
camouflaged object appear to look like the surrounding environment,

30 Since metals are both good infrared reflective materials and UV reflective materials, the
above-mentioned infrared reflective microcapsules containing metal particles or flakes may be
used as UV reflective microcapsules for reflecting UV light. In some embodiments of interest,

the UV reflective electroactive particles in the UV reflective layer comprise UV reflective

electroactive microcapsules.
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met hods ntioned above for the bichromal beads or cylinders or polychroma
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poly(p-phenylene), polyacetylene, poly(p-phenylenevinylene), and combinations thereof.
Embedded within the host material are a plurality of microwave reflective electroactive particles
that can reflect at least a portion of the microwave spectrum. In some embodiments, the
25 microwave reflective electroactive particles comprise microwave reflective electroactive beads
or cylinders. The microwave reflective electroactive beads may be prepared by coating electrical
anisotropic beads having a diameter between 10 pm to 1 mm with a microwave reflective
material.  Similarly, the microwave reflective electroactive cylinders may be prepared by
coating electrical anisotropic cylinders with a microwave reflective material. The electrical
30  anisotropic beads or cylinders may be prepared by the same or similar methods described above
for the bichromal beads or cylinders or polychromal segmented beads or cylinders.
In general, a good electrical conductor, such as a metal, has a high microwave reflectivity.
Non-limited examples of good microwave reflective material include metals such as aluminum,

scandium, titanium, vanadium, chromium, manganese, iron, cobalt, nickel, copper, zinc, gallium,
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field above an electrical threshold is applied before they rotate. This application of the electric
field provides a stable image that remains on the microwave reflective layer until it is changed
by the application of another electrical field. Electrical signals applied in this way allow selected

25  1images to be placed on the microwave reflective layer as desired.

FIG. 7 depicts a specific, but not limiting, method of making the infrared reflective beads,
the radar reflective beads, the UV reflective beads, or the microwave reflective beads. Two
hardenable liquid materials 106 and 107 are applied by delivery means (not shown) to opposite
sides 104, 105 of a spinning disk 102, which rotates uniformly about shaft 103. The hardenable

30  liquid materials 106, 107, each independently, may comprise a molten liquid, such as molten
carnauba wax and molten polyethylene. Centrifugal force causes the hardenable liquid materials
106, 107 to flow toward the periphery of disk 102, where they combine at the edge to form liquid
streams 108 that become unstable and eventually break up into beads 109. The beads may

solidify by cooling at room temperature or the cooling may be accelerated by having the liquid
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Magnetron Sputter Deposition System, DISCOVERY® 24 Multi-Cathode DC/RF Magnetron
Sputter System, and Bench Top Turbo IV High Vacuum Deposition System, available from
Denton Vacuum, Moorestown, NJ.
25 FIG. 8 depicts another specific, but not limiting, method of making the infrared reflective
beads, the radar reflective beads, the UV reflective beads, or the microwave reflective beads.
Two hardenable liquid materials 106 and 107 are applied by delivery means (not shown) to
opposite side of a double barrel nozzle 91. The hardenable liquid materials 106, 107, each
independently, may comprise a2 molten liquid, such as molten carnauba wax and molten
30 polyethylene. The hardenable liquid materials 106 and 107 are charged by means of positive
electrode 95 and negative electrode 96 and combine by means of electrostatic attraction at the
exit of the double barrel nozzle 91 to form beads 120 having an implanted dipole moment. In

some embodiments, one of the hardenable liquid materials may further comprise particles or

flakes comprising an infrared reflective material, a radar reflective material, a UV reflective
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reflected by that layer. Each adjustable voltage pattern interlayer may be a conventional

addressing schemes such as the canted-field electrode configuration in U.S. Patent No. 5,717,515,

the multithreshold addressing system in U.S. Patent No. 5,739,801, the dual vector field

25  addressing system in U.S. Patent No. 6,690,350, and the various addressing systems in U.S.

Patent Nos. 6,753,999, 6,693,620, 6,531,997, 6,504,524, and 6,445,489, all of the above-
mentioned patents are incorporated herein by reference.

In some embodiments of interest, each adjustable voltage pattern interlayer comprises an

active matrix addressing scheme. The active matrix addressing scheme divides each reflective

30 layer into an array of tiny cells defined by columns and rows. Each cell representing a pixel and,

in general, contains one thin-film transistor for each cell. Each thin-film transistor controls the

voltage applied to at least a reflective electroactive particle so as to control their orientation for

reflecting a particular radiation, such as visible light, UV light, infrared radiation, microwave,
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6,492,967, which is incorporated herein by reference.
In further embodiments of interest, each of the reflective layers of the adaptive
camouflage structure of this invention can be addressed separately from the other reflective
25  layers by one of the above addressing schemes. In additional embodiments of interest, a single
addressing scheme may be used to control all the reflective layers of the adaptive camouflage
structure if the reflective electroactive particles in different layers of the adaptive camouflage
structure have different rotational thresholds. Referring to FIG. 9, if the visible reflective
electroactive particles 60 in the visible reflective layer 3 will begin to rotate only upon
30  application of a high voltage Vi, the infrared reflective electroactive particles 61 will begin to
rotate in the infrared reflective layer 13 upon application of an medium voltage V5, and the radar
reflective electroactive particles 62 will begin to rotate in the radar reflective layer 3 upon
application of a low voltage V3, then an adjustable voltage pattern interlayer 40 comprising a

single addressing scheme may be used to address the reflective electroactive particles in all the
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sone e JER res valta pat t.er. erl

”QQ&} é?&%Ckyggtﬁ.% gg%yﬂﬁgh %o*ﬁgma e&gpﬁg?ppig Ségphg

conprises an active matri x’a dl’eSSI

schene v.bltmgde‘éz ealt reaned loabt ithee it feared rbﬂécﬁwaneladtfo@yma‘ phﬂti&l/esc@i laqd@bi Rag by
col ums %Fq Each cel.l ggresentln pi xel and, general , contains
one t hi TELPF YR GRCRarBSRATies GAkIaip Theplicabipn of fheor writies fbrcaesaonbl s

the svol {89818 B B0k El@ct‘%acﬁ@@ 51“[1@165 ?% L& %‘tbﬂée THLE il r%ﬁ V\éeelep b %ctﬁfe%aﬁoc
to control their orientation ect1 ng a par |cu radi-ation béﬁ;as
vi si bl einldllgthree lexers cahbe ermtbd an dds1redm}a$ucms1vma@pmmmﬁ oam@gm modagh,Oand low
frequen(%¥shﬁ soge enbodi nents, the active matrix addressing schene
control 5 the gdP %ﬁ@ in each cel | by the foll ow ng procedure: (1) a

sel ect ed vol Tiegemibsdiaitatd @esctiBed NBoRALES 1Htten@eds?d ffet ﬁglstrrﬁWe( t tlﬂﬁh&gr st
row) of the active matrix while non-sel ected voltages are ap

gat es ofhdgifipnadembpdiments; ar@ ithitlze dleimsaopiew.ar/ltimpph itedpasert mwmame hbd beent o

al 1y pof r to.ch e each |er th sele ed row

e e  RERY o s BB e PP o081 ol SRt Yoo Snd gitesie ibihe
sel ect edhangee sy bbahgﬁadmt frih BN dsed] egikiRglt \d@ érﬁﬁl§ ifro@d Ghel Q})mﬁ taﬁd?%cépe ofifife
repeat ed for each succeeding row until all the rows have been sel ected

and thénﬁ? &€ls charged to the desired voltages I n ot her enbodi nents of
interest, the addressing schenme conprises two el ectrode assenblies |ocated
on either side of a reflective | ayer in which the reflective el ectroactive
particles are enbedded. Both el ectrode assenblies are made of an optically
transparent conductor with a very high resistivity. Each of the el ectrode
assenblies is divided into rectangul ar regions. The rectangul ar regions are
separated by high-resistivity separators which nay be nade of glass or

ot her substrate material. Both el ectrode assenblies can be connected to a
power supply. Wthin each of the rectangul ar regions are | ocated

i ndi vidual |l y addressabl e bus bars. The el ectrode bus bars in one el ectrode
are situated parallel to and directly above the el ectrode bus bars in the
ot her el ectrode. The voltage at each individual bus bar can be set using
active matri x addressing electronics. Accordingly, each of the rectangul ar
regi ons can be



i ndi vidual | y addressed. The above el ectrode configuration is described in
U S. Patent No. 6,492,967, which is incorporated herein by reference. In
further ewbadimemt;s of interest, each of the reflectivercaysea@endstzhe
adaptive canoufl age structure of this invention can be addressed separately
fromthe other reflective |l ayers by onenf the above addressing schenes. In
addi ti onal enbodi nents of interest, a single addr essi ng schene may be used
to control all the reflective |ayers adaptive canoufl age structure
if the reflegtiveael i i cl .0 differ I rs.of..the
adapti ve can%uflaégE%%FE%?ﬁ%éﬁﬁgggﬁ%#%f@%@%?nggf%?g%ﬁ%ﬁJﬁﬁﬁggﬁﬁ?ﬂiﬁwShdL
Ref er ri wherein the @ix@re ¢ompirtses wi sild plurafty o inetad patielet; adct pluelipRst 416188180

inthe visible reflectjve layer 3 will begin to rotate only upon ,

appl | calErgRCRE P lsSr padeivicin e whralaY od el eetile Bk oheelitycof
par 5i cl @sctBeallyWidnlcod8@dthetRri M Se b e red reflective layer 13 upon
applicati onco arI11 Cmedi umg\}%l t age aVS g%%at%ﬁgggrgg%ar reflective el ectroactive

particles 62 will begin to rotate in the radar reflective |ayer 3 upon

application of a low.valtage V3, then an.adjustable. vgltage tte
interlayer 4% corrrg?el glfﬁéoaggg? HBFfé"’%l%fB}ee%fs?]ﬁ@“ ch ?ﬁ?mnﬂl? ‘Bg 1%@%@*’?%%8%#@55
the refdrens commsigtingCiY shaphi-¢Raif Ablahéle@Schiafh, ahdl clbBLM A& ﬁycfrE)éarF('):I%r afohIR! e,
the application of the high voltage Vi_will cause réflective electroactive
par t i clB&resebogs, hajgearbon ligwids) and iserssaffinigdrydracerhons.at e. The appl i cati on of
t hggmedi um vol tage V2 will cause only the infrared reflective el ectroactive
particles 6 1 and the radar reflective el ectroactive particles 62 to

rotate. The Zappl i'tat Eleotredctivi enlcomtapallé ageciMnt aus@sran| e tddRcd@@8bn of the
reflective. el efctro]]acti e .Earti cles 62 to rotate. Thus the reflective

el ect r SAEFHTLT FatplRartades is inyfhe rppgecd O Uyierss) & ahmstal pattigles perb0tims pf i obly
successi ve application of high, nedium and | ow addressing voltages. The
enbodi nents descri bed above are intended to be illustrative and not
limting. Additi drhelelestroadiveenicsocap@ilawt diaim t héerdimibeandel piicldy rbgugidldshe

present i nvent.i o s.been described with_ reference to. preferred )
enggdi St sm,et%sregeé% e {f’gdgrPHP toResigie Qf Iafuni”@l’%‘g fr 3 Ra titaahmhgenagin, be

nmade i Rhfoafinghaf@indsd, Woh NebbaldeRRLLI ncg)pﬁcaél‘,) mihbe Cg%ﬁhﬁﬁ,t iggllgﬁ%éﬁgﬁ,gﬁitt?im he

invention. CLAIMS 1. An el ectroactive mcrocapsul e conpri’s and a
mi xt ur EUFPREFEle NtoREIE Heglybdepkay, sschnetiven, mirtheniuen, cooinins palladhingisilyerm calmingd, i t y

of met -par t:l.c : ral Lty.of electrical on-conducting .
parti C?Ille%‘?ﬁéhg’ é\llﬁg?%ﬁ%tnﬁhea%lﬂ 0%3??1 i ﬁ?’r@{uﬂ’ tﬁ%?i‘%'b In[}éggs el PEHTEP o y
of el edfidibmaplayinmangsdnialtivi) gapaddd ehesnRve (RRRPSI t e charges. 2. The

el @troacti ve mcrocapsule of claim1l wherein the oil is selected fromthe
group consisting of straight-chain, branched-chain, and cyclo-aliphatic

hydrocarbonsg, ar @@t kigctroactive microcapsule of claim 1 wherein the metal particles are

generally in the form of sphere, bead, oval, cylinder, disk, flake, or 2 combination thereof,

6. The electroactive microcapsule of claim 1 wherein the electrically non-conducting
25 particles are particles of an electrically non-conducting material selected from the group

consisting of glasses and organic materials.

7. The electroactive microcapsule of claim 1 wherein the electrically non-conducting

particles are generally in the form of sphere, bead, oval, cylinder, disk, flake, or a combination
30 thereof.

8. The electroactive microcapsule of claim 1 wherein the metal particles are

positively charged and the electrically non-conducting particles are negatively charged.



hydr ocar bons, hal ocarbon |iquids, and isoparaffmc hydrocarbons. 3. The

el ectroactive mcrocapsule of claim1l wherein the concentration of the

pl ural i t ywofoemai7sparticles is in the range of 0.01 topéTAsgoefooszed al
particles per 100 ml of the oil. 4. The electroactive mcrocapsule of claim
1 wherein the netal particles are partixg.es of a netal selected fromthe
group consisting of alum num scandium titanium vanadium chrom um
manganese, i%-on, Ebalaciropstikemicreespsele, o ickim dawhierpn thermetal gpartiojtst rieum
zi rconium..ni;ohi u no n hnet j rut-heni u r.hodi al I adi um
i1 ver AR APl R M EREHTD RGERGAA b R e Rosit B aelr ni o
tantal um tungsten, rhenium osmum iridium platinum gold, thallium

| ead, and conbinatjons thereof. 5. The el ectroactive m crocapsule of claim
1 wherei n t h-net Bie pastiqactivsmigracapsils o clajm; lnwhersics e $hejt ceippiases a nodwaer
ovals, cyli,B88k ghﬁhﬁn&‘ dic%o%ﬁ{% | Aot PRt hereof . 6. The el ectroactive
m crocapsul e o%n clarm1 erein the electricall y non-conducting particles
are particles of an electrically non-conducting material selected fromthe
group consisting of glasses and organjc terjals. 7. The el ectractjye

m cr ocapsul eltlof cfléfi %‘P‘i"rQBﬁEY%Wr?Wg’S@Fé’égfﬁl@a]:q Vﬁ?FSHL%rﬁIWP @Seg%qtqq P
are genge aklop | fbrsfiing 061M Af0-ARARIBecA 82, 8-8¥@inode¥dreN A -dj iﬁghe tdndka,c-or
a conbi natTon thereof. 8. The electroactive m crocapsulé of clalm1 whérein
t he netditmpehexanees aredipogiopemtehs; chbfgéanianbutiie el k3 iantabprppane, 1,2
non-.conduct i n articl are negatively charged. 9. The el ectroactive

m cqpoca%%nﬂné)e@?g%laﬁfl%@Wg?egf%%flﬁe netal particles are negatively charged
and the electrically non-conducting particles are positively charged. 10.

The el ectroactive mcrocapsule of claim1 wherein the shell conprises a
pol ymer deriled fFlmelechpagtiveemagiacapsulicc af dsi 110 adierpinli thh| deirdexylic] acithe

el ectr j i Lm. in it i am i1S.sel.ect.ed f.rom
che”ly SAghitE: 1 asaneul % S BL S MAREE ARy (oS0 el b
1, 7- di atioraiee pdigye, chlorfite, Giidsionb kEkaide, sdbeéboyli eHlbfidyeareRd®l chloride, sebacoyl

1, 4- di am noput ane, 1, 3-di am nopropane, 1,2- di am noethane, and

1, 4—5berfg‘1§ﬁl§@i %\‘Hﬂﬁﬁph@bﬁﬁéo’éﬁ%ct roactive mcrocapsule of claim 10 wherein

t he di carboxylic acid dichlroide is selected fromthe group consisting of

mal onyl chl oride, succinyl chloride, glutaryl chloride, adipyl chloride,

pi mel oyl chliGri delTheselbroaytivechioosdageyle af elazoyll whdrkinrthel ehel sedmamisgk aglyondrde,

and te:ffht&%l gﬁ/l d.chI ori gee. d13. The el %ctlr oactive mcrocapsule of claim1l

wher ei iePRE! TRE 4 GEgRpmaleAnd 2 digpingey a diol

20 14. The electroactive microcapsule of claim 13 wherein the diamine is selected from

the group consisting of 1,10-diaminodecane, 1,8-diaminooctane, 1,7-diaminoheptane, 1,6-
diaminohexane, 1,5-diaminopentane, 1,4-diaminobutane, 1,3-diaminopropane, 1,2-

diaminoethane, and 1,4-benzenediamine.

25 15. The electroactive microcapsule of claim 13 wherein the diol is selected from the
group consisting of such as ethylene glycol, 1,3-propanediol, 1,4-butanediol, 1,5-pentanediol,

1,6-heaxanediol, 1,8-octanediol, 1,10-decanediol, and hydroquinone.

16. The electroactive microcapsule of claim 13 wherein the diisocyanate is selected
30  from the group consisting of methylene diphenyl diisocyanate, 1,6-hexamethylene diisocyanate,

1,5-naphthalene diisocyanate, and 2,4-toluene diisocyanate.

17. The electroactive microcapsule of claim 1 wherein the shell comprises a polymer

derived from a diol and a dicarboxylic acid dichloride.



derived froma diisocyanate and a diamne or a diol. 14. The el ectroactive
m crocapsul e of claim 13 wherein the diamne is selected fromthe group
consi st i ngoaho7loedsdi ami nodecane, 1, 8-di anm nooct ane, 1, Pcaiuapiosobeps ane,
1, 6- di am nohexane, 1, 5-di am nopentane, 1, 4-di am nobut ane,

1, 3-di am nopropane, 1,2- di am noethanegg.and 1, 4-benzenedi am ne. 15. The

el ectroactive mcrocapsule of claim13 wherein the diol is selected from
the group consisting of such as ethylene glycol, 1, 3-propanediol,

1, 4- but anedi gl , - i h ‘neds = i

1, 10-dec aneglé)'ol , %%%Sfég{;%?g inﬁgrr?g%psﬁg gﬁcﬁ%ﬂg?‘égﬁeg%%?l} %%B?nﬁggloeg{aegs%?% _t%?‘

cl ai m Ruphwnsitng be sditi soeghaitat egly®l,sBeartemediopn,¢hetagedioh chpsitanddng), of
met hyl ene di phenyl_ dii so%a]g?t § 1, 6- h?x%yl ene dii socyanate,

1, 5- napftiearacdiod 5.80eipartiek 1 10xlpcanegiqlg W SEyanate. 17. The

el egtroactive mcrocapsule of claim1 wherein the shell conprises a polyner
derived froma diol and a dicarboxylic acid dichloride.18. The ) )

el ectroacti V@ ni Thecepsidaetiod roicaicapsiife wiiecleinn thewlfirein the diserhorslc facéin

t he grqup. consistin f such as ethyl.ene.qgl ycol,..1l..3-pr h Ol

1% Sutinsnirs Sqedd Braiet S SRR s SRy rnttyds Ny2paIediGide, glutaryi
1,10- degpnedi MipylabbloRydlr pidisaneniodd, s-ﬁ_B@roﬁl QG10i1d8C bizaloyTi el ssabecoyt
claim17 wherein the dicarboxylic acid dichlroide is selected fromthe
group chlnsistandderefhthalpdrploridsl ori de, succinyl chloride, glutaryl chloride,
adi pyl chloride, pineloyl chloride, suberoyl chloride, azelaoyl chloride,
sebacoyl chloride, and terephthal oyl chloride. 20. The el ectroactive

m cr ocapsul eoof Thaieciosdtiereniordchgsund «f ¢laien i widhen toeomprtieefirthepmsprises
charge director, a negative charge director, or a cqonbinati.on thereof. 21.
The el epppifybechayee diredigfeapegatives MBPQFW¥T3RE%F%WﬁH?H%nHFYFﬁre further
conprises a surfactant. 22. The el ectroactive mcrocapsule of claim2 1
wherein the surfactant is selected fromthe group consisting of epoxide
term nat ed polyi Shbuelegtromee miorvepsileadl daim dddicréindleg maxtinaiuntbereeaupises
meight pol yi sobutyl ene attached to a diam ne head group through a

sueci neit @ﬂmﬂnkage, and hydrocarbon conpati bl e hyperdi spersants. 23. An
el ectroactive particle conprising an electrically non-conducting particle

and a coating of a reflective material, wherein the coating covers a
portion of e eMbeteléatmbttyvenorcrocapduletdfnglaivarli wherenthenpibfasiant ihselected

reflective material is.selected fromth S| St | i.af ra
ot 1 cotiovotiaan areitpRalrpEiee o e L S R i Bl o AR
mat er i & mdidéular weight polyisobutylene attached to a diamine head group through a succinimide

20  linkage, and hydrocarbon compatible hyperdispersants.

23.  An electroactive particle comprising an electrically non-conducting particle and a
coating of a reflective material, wherein the coating covers a portion of the electrically non-
conducting particle and wherein the reflective material is selected from the group consisting of

25  infrared reflective materials, radar reflective materials, microwave reflective materials, UV

reflective materials, and combinations thereof.

24, The electroactive particle of claim 23 wherein the coating covers generally one
half of the electrically non-conducting particle.
30
25.  The electroactive particle of claim 23 wherein the electroactive particle is

generally in the form of a bead or a cylinder.



reflective materials, and conbinations thereof. 24. The el ectroactive
particle of claim23 wherein the coating covers generally one half of the
el ectri cavbyosmp4enducti ng particle. 25. The el ect r oactrcraspawioie of
claim 23 wherein the electroactive particle is generally in the formof a
bead or a cylinder.26. The el ectroactivg _particle of claim23 wherein the
el ectrically non-conducting particle conprises of a glass or an organic
material . 2726.TheTks elecironstive \partisde tof wlamo?3 oteirem ABe wirstréiaty tiva-coaflhetintg ve

mat er i ﬂgn%r&(?g%& ﬁ§es%fq%ﬁa§|g 0§§111 81%%%%1%%%“’«}-};% group consi st of al um num

scandi rtanfum vamadruny C nganese, iron, cobalt, nickel,
copper, zinc, gallium germanium yttrium zirconium niobium nolybdenum
technetium rutheni ur]] rhodi um pall adium silver, cadm um indium tin,
anti mony, | aht hantiff C'GHERSCH YR BRFiCls O elainm 23 wherainthe reflashxe msteriahepinpiges a
0SMsUM qbihi 6l {4 : L - : Lhatd ons .t hereof .
28. 5An %Ié%{:?érl%eg%& ?fblgl t'Ir}11‘ig rou agéslﬁ}sttato?: g#ﬁélﬁg@hg&glgguﬁﬁﬁﬂargﬁ%?ggr%dﬁ%r %hrlglﬁlsul e
t he shehingankss; gbm, dobelt,misltelr @ppenpincs gdliam, gérnaatveh, avtipiut, adiicdyiuef nfdbalees
conpri si is coated on_one of

f a pol r _and erein_a_| ayer of metal )
Che f1 APORPEmEs" Getashm F‘ﬁﬁg’:m%.fh?ﬂlél | peldie, ey CABEYBs UPEUBE BRai m
28 wherdiithoblye |ifthabund, SoadBlifiGHeE hdrhif, { AP URnEQBS! Ronfin AR Midiym
scandium _titanium vanadium chrom um nanganesg&, iron, cdbalt, Hi cke ,
copper ,Platinye, ggld, thalliym.deadrand aembipptiensuhereef. r coni um  ni obi um nol ybdenum
tquneti um ruthenium rhodium palladium silver, cadmum indium tin,
antinony, |anthanum gadolinium hafnium tantalum tungsten, rhenium
osmum iridisum foh alebRountive @hidsochhiald &dﬂ@risﬁ%ﬁ' sh@DenE QYRR :iﬁ%!ft& fhber&ef -

30. The el ectroactive mcrocapsul e of claim wherein the oil is selected

f rom t WEISGFIB RS doiREIe comgrists 4t pHiaghta phuality drfiakeh samphising, ofangolymer and

cycl o-alj i g r%gq'{r:i r hon | ocarbon |iquids,
and i sopa#%?%%g%&ﬁg@%%?géﬁ%ﬁ?% ) ﬁlge@ tceééﬁ?%agc}%a%ﬂ%?%r ocapsul e of claim
28 wherein the polynmer conprises a liquid crystal polyner or a birefringent

pol.ymer. 32._  The el ectroactive m crocapsule of claim28 wherein the shell
cor]réri ses a ol yn:@‘r’3 ei‘@?fP@@H%mHFﬁC&Pmla Hainy A% whersie thegagipl is sclgetpd) from the

di chl orgrgley codist SRERIRELT QARAILNE HHHLACHRSHIE: %Bro‘hiigjjg}nga%gxnﬁ%&%& tB6art,

diamne is selected fromthe group consisting 6f 1, od€caneé,

1, 8- di amdkiebocbppes, 2ng- grlivinolgepbanieyn, lytGioh,aminohiexanajobium, molybdenum,
1, 5-di am,nopent ane, . 1, 4: di.am nobut ane,.. 1, 3-di am nopr opane, 1, 2-

di ani ng%;hﬂgtﬁgr}, Igﬂﬁhﬁ%;ﬁ% ym, pal -lﬁes_llver, cagmlaum,r}n 1ru , t1r1]1, antil'mony, lanthanum,
gadolinium, hafnium, tantalum, tungsten, rhenium, osmium, iridium, platinum, gold, thallium,

20  lead, and combinations thereof,

30.  The electroactive microcapsule of claim 28 wherein the oil is selected from the
group consisting of straight-chain, branched-chain, and cyclo-aliphatic hydrocarbons, aromatic

hydrocarbons, halocarbon liquids, and isoparaffinic hydrocarbons.

31. The electroactive microcapsule of claim 28 wherein the polymer comprises a

liquid crystal polymer or a birefringent polymer.

32. The electroactive microcapsule of claim 28 wherein the shell comprises a polymer

30  derived from a diamine and a dicarboxylic acid dichloride.

33.  The electroactive microcapsule of claim 32 wherein the diamine is selected from

the group consisting of 1,10-diaminodecane, 1,8-diaminooctane, 1,7-diaminoheptane, 1,6-



34. The el ectroactive mcrocapsul e of claim 32 wherein the dicarboxylic
acid dichlroide is selected fromthe group consisting of malonyl chloride,
succi nyl wbl20e7me778gl ut aryl chloride, adipyl chloride, pcmiseyls/osizheride,
suberoyl chloride, azelaoyl chloride, sebacoyl chloride, and terephthal oyl
chloride. 35. The electroactive m croedlpsul e of claim28 wherein the shel
conpri a_.pol yner rlvedfr madls anate and dj.am ne_or

36. Th a@%‘?ﬁ%ﬁti ﬁ’ial%‘%?& @Bf”e o* CF?%M@?%H ef% 41?{81%?%9&%% |slo&
Se'eCt&@n&k%ﬁhh@QmﬁﬁQuBm@&H&héhhﬁg of 1,10-di am nodecane,

1, 8- di ani nooct ane, 7- di am nohept ane, 1 6- di am nohexane,

1, 5-di am nopent ane, 1 4- di am nobut ane 1, 3-di am nopr opane, 1, 2-

di am noet ha a 4- n : chlV e
of claim 35§|€hergﬁen ?1?1%1% glgltél% ?Agb@e éz C%%ft%e%%%% %longllcs gﬁép&%{&
as %t hyicelnsdg |15V§6Déctecﬂfr8mﬂh®@ﬁﬂ@€ho@blsnﬂ.g éf bﬂaloallyEdhlﬁhde ilsu&lﬂﬁrﬂlm&ﬁiéL glutaryl

1, 6- heaxanedi o], 1, 8-octanediol, 1, 10-decanedi ol,. .and hydroqui none. 38. The

el ect r%@@@%@%ﬂr@é%@%l RMGoyE | RIGHISE SHPREPY; f @ﬁée:dﬁ4eé%§/éi1?§%réiet selacpikt ed
fron1taﬁog@%gﬁenea%ﬁlS&gghggdgethylene di phenyl dii socyanate,

1, 6- hexanet yanate, 1, 5-naphthal ene diisocyanate, and

2, 4-t ol uene dllsocyanate 39. The el ectroactive m crocapsul e of claim 28
wherein t he, shel rises a.p froma dio

G car boxyl | 3 aci G REHIGRT e i G0cPTHE o0F Bt Lavis b i Lot cBetines srolengh m
39 whed@ivad kg dafbocyin3&herd @dmifosp 4 fig] 9r oup consisting of such as

et hyl ene glycol, 1,3-propanediol, 1,4-butanediol, 1,5-pentanediol,

1, 6- heaxanedi ol , 1, 8-octanediol, 1,10-decanediol, and hydrqu|none 41. The

el ectroacti [o]o! suI of .claim39 wherej he. dij.ca box l.ic.a

ol ot oact I g M FLOEARRLE, Ohcl AL A% Mhgrel kDS, Chask OR i St fom
succi ngk gﬁzoluprt&glstﬁguwrlylmmmm@%ca@dlpsfidlamh@édtﬁ@ pvmeilﬁmbhémér@rud@
suber oyl chl ori de, azelaoyl chl oride, seb acog chl ori de, and terephthaloyl
chl or | daminghexarige elleX fieBReancyians cr bdabanmedbwpne| aj hi-ZRamEHEPEPANS, he 1,

m et ur r ive charge director, a negative charge
d|gtct%%&ﬂkkﬁghgo%gﬁﬁgﬁg%ﬁ (ﬁéﬁg%f 43. The electroactlve m cr ocapsul e of
claim 28 wherein the m xture further conprises a surfactant. 44. The

el ectroactiye mcrocapsul e of cIa|n143 wherein the surfactant is . selected
fromthe gr%fp cBhe PISEFORFISE MepESIRTBIC ra et 2 Iyﬁvg otk 35 selgelsd from the

commer ﬁ}l) c8h§1stgr%dbf 'sﬁ’c%sas é’thﬂzl@:‘r’%‘é ;é@c%i:ul a ré’i%&el%él, RO YhiSREHEY 1eNGeRidaatd1ed

to a m ne head group throu succl n
1 ,0-heaxanediol, 1,8- octanedml 1 10 decanediol, and hydroquinone.

20
38.  The electroactive microcapsule of claim 35 wherein the diisocyanate is selected
from the group consisting of methylene diphenyl diisocyanate, 1,6-hexamethylene diisocyanate,
1,5-naphthalene diisocyanate, and 2,4-toluene diisocyanate.
25 39.  The electroactive microcapsule of claim 28 wherein the shell comprises a polymer

derived from a diol and a dicarboxylic acid dichloride.

40.  The electroactive microcapsule of claim 39 wherein the diol is selected from the
group consisting of such as ethylene glycol, 1,3-propanediol, 1,4-butanediol, 1,5-pentanediol,

30  1,6-heaxanediol, 1,8-octanediol, 1,10-decanediol, and hydroquinone.

41.  The electroactive microcapsule of claim 39 wherein the dicarboxylic acid

dichlroide is selected from the group consisting of malony! chloride, succinyl chloride, glutaryl



| i nkage, and hydrocarbon conpati bl e hyperdi spersants.

10
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chloride, adipyl chloride, pimeloyl chloride, suberoyl chloride, azelaoyl chloride, sebacoyl
chloride, and terephthaloyl chloride.

42.  The electroactive microcapsule of claim 28 wherein the mixture further comprises

a positive charge director, a negative charge director, or a combination thereof.

43.  The electroactive microcapsule of claim 28 wherein the mixture further comprises

a surfactant.

44.  The electroactive microcapsule of claim 43 wherein the surfactant is selected
from the group consisting of epoxide terminated polyisobutylenes, commercial oil additives, a
low molecular weight polyisobutylene attached to a diamine head group through a succinimide

linkage, and hydrocarbon compatible hyperdispersants.



