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MANUFACTURI NG SAME This application is a continuation-in-part of pending
U. S. Pat ewD odppdsizati on Serial No. 09/989, 359, filed Noveahdrso287242001.
TECHNI CAL FI ELD This invention relates to mcroencapsul ated particles.
nore specific aspect, this invention relates to m croencapsul ated
particles that are useful in electrolum nescent applications. This

invention also relates to a process for the mcroencapsul ati on of these

particles. This invention will be described in detail with specific
reference to the mcroeneapsul ation of phosphor particles. However, this
invention wll be understopd as applicable to the m croencapsul ati on of

ot her substance particles, such as pharnaceuticals, organic solvents,
organic oils, pignments, dyes, epoxy resins, inorganic salts, etc. In
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This application is a continuation-in-part of pending U.S. Patent Application Serial

" No. 09/989,359, filed November 20, 2001.

TECHNICAL FIELD

This invention relates to microencapsulated particles. In a more specific aspect,
this invention relates to microencapsulated particles that are useful in electroluminescent

applications. This invention also relates to a process for the microéncapsulation of these

| particles.

This invention will be described in detail with specific reference to the
microencapsulation of phosphor particles. However, this invention will be understood as

applicable to the microencapsulation of other substance particles, such as

~ pharmaceuticals, organic solvents, organic oils, pigments, dyes, epoxy resins, inorganic

salts, etc.

In addition, this invention is applicable to the microencapsulation of polymer (or
polymeric) light-emitting diodes (also referred to as PLEDs) and to the

microencapsulation of organic light-emitting diodes (also referred to as OLEDs).

SUBSTITUTE SHEET (RULE 26)

In

m croencapsul ation of organic |i g}ht-em' tting diodes (also referred to
as OLEDs). SUBSTI TUTE SHEER A mmneﬁ@ PCT/ US02/ 37246 I n
terns, PLEDs are thin filmdisplays that are created by sandw chi ng
undoped conj ugat ed pol yner between two proper el ectrodes at a short

a



polymer emts |ight when exposed to electricity. PLEDs enable full spectrum
color displays. In general terns, OLEDs are display devices that sandw ch
car bon- bawedsiuisns between two charged el ectrodes, one aPagFlaht/BR4€at hode
and one a transparent anode, usually being glass. The organic filns
consist of a hole-injection |layer, a hole-transport |ayer, an em ssive

| ayer and an el ectron-transport |ayer. Wen voltage is applied to the
"OLED cell, the injected positive and negative charges reconbine in the

em ssive layer and create el ectolum nescent |ight. BACKGROUND OF THE

| NVENTI ON M croencapsul ated particles are known in the prior _art. Bayless
et al. U dn gepesphterms Bl-ADy ave ‘é’l@ﬁ displaysotbakarg Cﬁ?&i@@gé’sﬁ@ dwialying 8kt uri ng
m nute capsules, en masse, in a |iquid manufacturing vehicle wherein the
caps qhﬁﬁ)pedﬂéca’ijﬁgm polynenteteaen twal propenlectrbdes apat siurt distanceseTha
specific process for manufacturing mnute capsul es wherei n the capsule

\r/].vglr Ir é@%ﬁ{eig aéfﬂh? 1%& egerqltegxé(g%a- %)I E%L’%en yze(%lé ﬁ%’cﬁ‘ﬁ%fj §Bﬁ)l5at ent

4,107 071 (1978) di scl oses m crocapsul es haV|ng a capsule core materi al
surr la¥sby a rel atively'inperneable, densified protective wall and al so
dtscloses a process of manufacturing such m crocapsules. -2- SUBSTI TUTE
SHEET (RULE 26) WD 03/043813 PCT/ US02/ 37246 . Ceneral encapsul ating

processes Khigeheral itdrivsg GLEDguire-dispiay depives ¢hat eyandwidhovartbon-yased ifilmsa
capsule wall material which envel ops the capsule core material to be
~ between two charged elecirodes, one a metallic cathode and one a transparent anode,
" usually being glass. The organic films consist of a hole-injection layer, a hole-transport
layer, an emissive layer and an electron-transport layer. When voltage is applied to the

-'OLED cell, the injected positive and negative charges recombine in the emissive layer

and create electoluminescent light.

BACKGROUND OF THE INVENTION
Microencapsulated particles are known in the prior art. Bayless et al. U.S. Patent
13,674,704 (1972) discloses a process for manufacturing minute capsules, en masse, in a
liql;id manufacturing vehicle wherein the capsules contain water or aqueous solutions.
".This patent discloses a sﬁeciﬁc process for manufacturing minute capsules wherein the

' capsule wall material is poly (ethylene-vinyl acetate) that is hydrolyzed to a narrowly

specified degree (38-50 percent hydrolyzed).

Bayless U.S. Patent 4,107,071 (1978) discloses microcapsules having a capsule
. core material surrounded by a relatively impermeable, densified protective wall and also

discloses a process of manufacturing such microcapsules.

n.
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encapsul ated are disclosed in Mller et al. U S Patent 3,155,590; Powell
et al. U S Patent 3,415,6758; and Wagner et al. U S. Patent 3,748, 277.

Q her priwpo oas3snef erences di scl ose the encapsul ati on of elceaatSopb1zas nescent
phosphors; for exanple, see Budd U.S. Patent 5,968,698 (1999).
Additionally, the prior art discloses the coating of |um nescent powders
wWith a coating which conprises silicon dioxide;, see Opitz et al. U S.

Pat ent 5, 744, 233(1998). Phosphor particles are used in a variety of
applications, such as flat panel displays and decorations, cathode ray
tubes, fluorescent lighting fixtures, etc. Lum nescence or |ight em ssion
by phosphGenpei enchpsulating peocsssesrwhatledtibiye adpduid-diguahphase depatation to
(thernol um nescence), |ight (photolum nescence) hi gh energy radiation

(2 Oproviad A Seapbule® AP MRdeeflal SO "drfveld S%ow iR (BhSAL A RIS e FOT

vari US reason prior art s to CI’OEﬂC&pSU particles

havi ng the desire rop sture and extended
rel egg@psg!@%baqe,ﬂﬁggsed?-mlﬁqr ‘eﬁ)g ge 1%% Sbﬁeﬁm Eﬁ.@? aly U3, Patent
m croencapsul ated particles having significantly inproved properties.

SUMVBRY 535 8 laifzd 'WENET €Dl B iSe Phtgnti®,F48/268d, the present invention provides
m croencapsul ated particles which have an increased resistance to the
adverse effects of noisture and which are able -3 SUBSTI TUTE SHEET (RULE

26) VO 03(figgP ﬁld%cyrp%%é?c%éfidwogg "kl Qhediilaidl BF' ABEFCIRRRLRIPT 11 T
(i.e., exten rel ease capabilities he
- . phosphors; for example, see Budd U.S. Patent 5,968,698 (1999). Additionally, the prior
art discloses the coating of luminescent powders with a coating which comprises silicon

dioxide; see Opitz et al. U.S. Patent 5,744,233(1998).

Phosphor particles are used in a variety of applications, such as flat panel displays

and decorations, cathode ray tubes, fluorescent lighting fixtures, etc. Luminescence or
‘light emission by phosphor particles may be stimulated by applications of heat
' (t'hermoluminescence), light (photoluminescence), high energy radiation (e.g., x—raye or

. e-beams) or electric fields (electroluminescence).

For various reasons, the prior art fails to provide microencapsulated particles
having the desired properties of impermeability to moisture and extended release
capabilities. Thus, there is a need in the industry for microencapsulated particles having

significantly improved properties.

" SUMMARY OF THE INVENTION

Briefly described, the present invention provides microencapsulated particles

‘which have an increased resistance to the adverse effects of moisture and which are able

-3
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present invention also provides a process for the m croencapsul ati on of
these particles. The above-descri bed advantages of the m croencapsul ated
parti cl eswofo3liss3 i nvention are evi dent when conpared t oPSTMS0A87246

m croencapsul ated particles manufactured according tQthe prior art (that
I's, not manufactured according to the present invention). As used in this
application, the followng terns have the indicated definitions:

"I nmpernmeability to noisture” - the ability to prevent or substantially
elimnate the intake of noisture and thereby avoid the adverse effects of
moi sture. "I nproved” - as conpared o microencapsul ated particles that are
di scltedunction ayer o extendad perpdapt tiver (he-c cutended seleaseecapabilisies).nglhe t he
present invention. As will be seen in greater detail below, the

M Cr Qrexeab fenition d1ss piovides aqiroddsh $or the visiatdeataphakRionldTheseArAALE" | Sti cs
that are either equivalent to, or significantly inproved over, the
correspondi ng characteristics of the prior art m croencapsul at ed

particles. Y . ' foet Ris . L ON4lSqt r ovi d .

micr oencapglﬁﬁca%éoﬂ)e%%ﬁl% esa_ﬂ%\lﬁcg %SgrOfo JechJPwé‘? A ’bsmﬁhgqleﬁ?ﬁ%(g Si Q%t 8%y ovi de
m crqencapsul ated particles having jnproved inperneability to noisture.

- 4-  SUEERtIoRUTRTSSHERACRRUIMESD 6 FOMDATRY oW g simnifae T/ mouoenezpaidated otiaeticled| ect

of this invention is to provide m croencapsul ated particles having extended
rel eangnfapribed idocesding to the prior art (that is, not manufactured according to the

O

_ present invention).
As used in this application, the following terms have the indicated definitions:

"Impermeability to moisture” - the ability to prevent or substantially

eliminate the intake of moisture and thereby avoid the adverse effects of moisture.

"Improved" - as compared to microencapsulated particles that are
disclosed in the prior art and are not microencapsulated according to the present

invention.

As will be seen in greater detail below, the microencapsulated particles of this
invention have other characteristics that are either equivalent to, or significantly
improved over, the corresponding characteristics of the prior art microencapsulated

particles.
Accordingly, an object of this invention is to provide microencapsulated particles.

Another object of this invention is to provide microencapsulated particles having

" improved impermeability to moisture.

4.
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Anot her object of this invention is to provide m croencapsul ated phosphor
particles. Another object of this invention is to provide m croencapsul at ed
pol yrmer |wg@h/oesidti ng di odes. Anot her object of this inveariusn2/sr4é o
provi de m croencapsul ated organic light- emtting diodes. Still another
object of this invention is to provide m croencapsul ated phosphor
particles having inproved inperneability to noisture. Still another object
of this invention is to provide m croencapsul ated phosphor particles
havi ng extended rel ease capabilities. Still another object of this
i'nvention is to provide a process for the mcroencapsulation of particles.
Still anopmetherbokjett of tHihirsventiote i iooprovidd migroendageulatedr sereistes thavirighe
m croencapsul-ati on of particles to produce mcroencapsul-ated particles
havi ' j bility to noisture. -.5- SUBSTI TUTE SHEET ( RULE
26) %eiﬁ%%g% GPPIERS 37048 Still anot her obj ect of this invention is
to provide a process for the mcroencapsul ation of particles to produce
m croencapsul at ed .parti ¢l es having extended . rel ease capabilities._ Yet
still anomh‘?fbj‘@ﬁ?dopfttﬁlss “f"ﬁ%g?i Bn t9 sPrtOB“{S’r SUrHpenea gd sphosphohe
m-cr oencapsul ati on of phosphor particles.

particles.

Another object of this invention is to provide microencapsulated polymér light-

emitting diodes.

Another object of this invention is to provide microencapsulated organic light-

.‘emitting diodes.

Still another object ot this invention 1s to provide microencapsulated phosphor

. particles having improved impermeability to moisture.

Still another object of this invention is to provide microencapsulated phosphor

~ particles having extended release capabilities.

Still another object of this invention is to provide a process for the

microencapsulation of particles.

Still another object of this invention is to provide a process for the
microencapsulation of particles to produce microencapsulated particles having improved

impermeability to moisture.

-5.
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Yet still another object of this invention is to provide a process for the

m cr oencapsul ati on of polynmer light-emtting diodes. Yet still another
obj ect ofwODhB®438myention is to provide a process for the PCT/US02/37246
m croencapsul ati on of organic light-emtting diodes. Yet still another

object of this invention is to provide a process for the

m cr oencapsul ati on of phosphor particles to produce m croencapsul ated
phosphor particles having inproved inperneability to noisture. Yet still
anot her object of this invention is to provide a process for the

m croencapsul ati on of phosphor particles to produce m croencapsul ated
phosphor Sp#r tdmdther hebjectg of xtidndiadientib@ase wapmbyidet iaeprodesss doantheot her

?bj ects, features and advantages of this invention will become apparent
. i j i nti LPTI oL, TH

prRAPRCReBC AL TR SEPRHcES PREL St pensaPisiesPaaielen B s ey

Fig. I'is a chart showng the effect of exposure (neasured in hours) on

bri grRlersg<capaBdMifSed in foot | anberts) of microencapsul at ed
el ectrol um nescent phosphors and el ectrol um nescent phosphors which have
not been m croencapsul ated. Wth reference to Fig. 1, when tested in a

hum dity & sitll Boothér Qibfedboof thisl dmesntionoly abnprgidehas Procast fat thave
been m croencapsul ated according to this invention showed only 34%

degr gatdeARapstitiidh b8 phEMbESAiOREr adat i on than shown by
Yet still another object of this invention is to provide a process for the

microencapsulation of polymer light-emitting diodes.

Yet still another object of this invention is to provide a process for the

rﬂicroencapsulation of organic light-emitting diodes.

Yet still another object of this invention is to provide a process for the
microencapsulation of phosphor particles to produce microencapsulated phosphor

_ particles having improved impermeability to moisture.

Yet still another object of this invention is to provide a process for the
‘microencapsulation of phosphor particles to produce microencapsulated phosphor

particles having extended release capabilities.

These and other objects, features and advantages of this invention will become

apparent from the following detailed description.

" BRIEF DESCRIPTION OF THE DRAWINGS

6.
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el ectrol um nescent | anps contai ni ng phosphors that have not been

encapsul ated. In addition, when el ectrolum nescent |ights containing
phosphor swpham43save been m croencapsul ated accordi ng to trhiraSonsa2mé i on and
i ncandescent lighting were tested as runway |ights, the el ectrol um nescent
| anps produced no halos or glare and could be seen alnost 3 tines farther
away than the incandescent lighting. This sane result was observed under
artic conditions. FIG 2 Fig. 2 is a graphical representation of the

rel ati on between capsule quality and percent hydrolysis as applied to poly
(et hyl ene-vinyl acetate), partially hydrolyzed. For reasons not entirely
under stood, the change in quality MiGH change of percent hydrolysis is

gui te pronounced and renarkable. At hydrolysis of |ess than about 38

€. th ) i .
T qur o 16 d Gt SRenSe BERTApRRR Cletrbd i ROER) 0 fkbtners |,
formuseful capsule walls

> and the wall s ich -7- SUBSTI TUTE SHEET ( RULE
26) (neaseralis1baosdambsys) ot zzv@ra@&apﬂéﬁ%gel%téolgmlewe%E%m%lw
unmanageabl e in attenpts to isolate the capsules. Capsul es nade using

mat egleatrSlun@neseet phssphvanwhithieveant begrimidrpencaputateda t endency to
aggl onerate during the m croencapsul ati on process, because a | ack of vinyl
al cohol groups prevents adequate cross-linking across hydroxyl groups. At

hydrol ysi gy ot AR eSted R BORMidity RabEPAITAL660 Hbﬁ%eldnﬁp' 00
Vi scous g%@fl (la-%eg?{sc%:}g IJa?télglém - sole?%, stri ngly,lslpr egll plﬁ{ ous phase’ T _esI change
e eaniamang Shoshord W6t have B0k MhichbihoBpRIAES dcdorfing WPHEE Sabeldby’ @ eV

| sﬁowed only 34% degradation, which is 60% less degradation than shown by

electroluminescent lamps containing phosphors that have not been encapsulated.

In addition, when electroluminescent lights containing phosphors that have been
microencapsulated according to this invention and incandescent lighting were tested as
. runway lights, the electroluminescent lamps produced no halos or glare and could be seen
aimost 3 times farther away than the incandéscent lighting. This same result was

. observed under artic conditions.
FIG. 2

Fig. 2 is a graphical representation ’of the relation between capsule quality and
'percent hydrolysis as applied to poly (ethylene-vinyl acetate), partially hydrolyzed. For
reasons not entirely understood, the change in quality with change of percent hydrolysis
is quite pronounced and remarkable. At hydrolysis of less than about 38 percent, the
-separated phase prepared according to established liquid-liquid phase separation

‘techniques is not adequately viscous to form useful capsule walls, and the walls which

-7-
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At hydrol ysis between about 38 and about 46 percent, quality capsul es can
be prepared with the quality inproving as 43 percent hydrolysis is

appr oachewo 0Bot3seen about 42 and about 53 percent hydrol y®CT/UuSHha72¢@psul e
quality is excellent for this invention, and the capsules are particularly
suited for containing phosphors, polar 1iquids and other substance
particles for extended periods of time. From hydrolysis of about 53 to 54
or 55 percent, capsule quality declines rapidly, and at a hydrolysis of
about 56 percent, quality capsules can no |onger be successfully

manuf actured. As represented in Fig. 2, at hydrolysis fromabout 44 to
aboutaret fonmed ane ,stlpﬁ andagmaraélyqumnanqgeableam attemepds torisdlate theecapsakesnt
i'nvention. The exact capsule quality values for this range of hydrolysis
has S

St gni é?%? r““@‘*ﬁ%ﬁ‘%@?*%%%‘?%3*“?‘3@??.*‘?“'%2 rRfvent ARUOTAN Bve S uaina R re
SHEET WO 03/ 043813 PCT/U 02/ 37246 DETAI LED Qgg IRTICN}CEQIHE

| NVERBE M% q FUERPRGPSHIagn diropess, heeausent dadk o4 wavhaleo
espeC|aIIy n1croencapsu|ated phosphor partlcles whi ch are manuf actured by
a’ pr greups prexentsesieguats esossHinkingagross hydmxylrgoapsf i | mforning,
cross-1linkabl e, hydrolyzed polymer and an organic, .nonpolar solvent for

t he pol yner, wherein the solvent is not a sol vent for particles of the

su Ibst atn Ce;APRY Y919 of Rfeatirtha 8bhi SPpéicants Heddparated phil® RIbY Vol the
solven

~ and exists as a semi-solid, stringy, precipitous phase. The change from "good" to "no-

good" is abrupt and appears to be complete within a few percent.

At hydrolysis between about 38 and about 46 percent, quality capsules can be

prepared with the quality improving as 43 percent hydrolysis is approached.

Between about 42 and about 53 percent hydrolysis, the capsule quality is excellent
for this invention, and the capsules are particularly suited for containing phosphors, polar

liquids and other substance particles for extended periods of time.

From hydrolysis of about 53 to 54 or 55 percent, capsule quality declines rapidly,

- and at a hydrolysis of about 56 percent, quality capsules can no longer be successfully

. manufactured.

As represented in Fig. 2, at hydrolysis from about 44 to about 46 percent, the
capsule quality is at a maximum for the present invention. The exact capsule quality
values for this range of hydrolysis has not been specifically determined but, as

represented in Fig. 2, is significantly improved over hydrolysis below this range.

(I 8 -
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addi ng particles of the substance to the solution under conditions of
continuing agitation, wherein the substance particles are dispersed in the
sol uti on;wpbridioeismgy a phase separation of the sol ution, whecaiusor/sr4@ol yner
is separated fromthe solution and a filmlike sheath of the polymer is
formed and coated on each substance particle; and adding a cross-1linking
agent to the solution under conditions of continuing agitation, wherein
the filmlike sheath on each substance particle cross-links and hardens
around each substance particle. The m croencapsul ated substance particles
produced according to the process of this invention have inproved

i npe DEBAILEDYDESCRIPTIONOB ST B BN¥ENITION- 9- SUBSTI TUTE SHEET (RULE 26) WD
03/ 043813 PCT/ US02/ 37246 substance particles that are nicroencapsulated

with ot herrhgl bt ﬁ%ﬂ&?&rﬁn}’%ﬁeéclﬁgrﬁh%e Gap ssifardd ﬁyirstgc‘l%sr ¢ ,Agp

above; thisi entlon escr gerence
to phosphor artl é&; thi,s inv on can also be effectively used to

m cr &R§ E%lP%’c %te tH pSRIOR s PaTEles p A ‘F | 8¢ sranyfacingede dyaBopeocess ethat

m cr oencapsul ated phosphors of the present invention conprise a core forned
of a cohmpsisbothe stgpsochl |y in particulate form and a filmlike sheath
surroundi ng and ..enclosing the core. The sheath conprises a hydrolyzed,
cross-1inked pol yrrer that is sufficiently inperneable to noisture

(espem aIIy vva My asur e to
(espect al Iy, elfiping & Meploind ORpEIRANR! AR AiSotohef Bid Aoyl
: .nonpolar solvent for the polymer, wherein the solvent is not a solvent for particles of the

. substance;
agitating the mixture to form a solution of the polymer in the solvent;

adding particles of the substance to the solution under conditions of

continuing agitation, wherein the substance particles are dispersed in the solution;

inducing a phase separation of the solution, wherein the polymer is
separated from the solution and a film-like sheath of the polymer is formed and coated on

each substance particle; and

adding a cross-linking agent to the solution under conditions of continuing
agitation, wherein the film-like sheath on each substance particle cross-links and hardens

around each substance particle.

The microencapsulated substance particles produced according to the

'process of this invention have improved impermeability to moisture as compared to

.-. 9 R L
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perm ssive to the transm ssion of illumnating energy to activate the
phosphor tQ a |um nescent state. Thus, the m croencapsul ates of the
present iwWOeab#sm are especially adapted for use in | um RETASNL/37246
applications. In the nmethod of the present invention, phosphor particles
are mxed with a film formng polymer and a liquid vehicle that is a

sol vent for the polyner but not for the phosphor particles. The mxture is
agitated to dissolve the polynmer in the liquid vehicle and to disperse the
phosphor particles throughout the solution. A coacervation process is
carried out to induce phase separation of the solution to separate the

pol ygabsthiicem fatticlesi ¢hat daneehhickeeneasbulated orithf oliver! fite-frgddd polimiehe

pol ymer on the phosphor particles. The polynmer sheaths surroundi ng the

phosph riigles:.are then cross-linked to harden the polyner and render
s

t he eat'hs sufficiently inperneable to protect the phosphor -10-
SUBSTI TUTE SHEET (RULE 26) WD 03/043813 PCT/ US02/ 37246 particles from

deteriorating exposur o0 noj sture. . The poJ yner-encapsul at ed . phosphor
particles are r 6%‘?‘@&£’PY%%I‘WF‘B‘P¥} W/!;ﬁs "egﬁﬁ?ﬂb‘i éfhd&ﬁlleé}”ﬁ%f spreéliGsary.
Upon recovery of the phosphor capsules fromthe process, preferably the

pol yrrefereriee &8 hshazphor gattieits;dbut this dnvaltioge oan eslsdyist effectioelyt osedatse t he
pol ymer sheaths to coat the phosphor particles to_enhance the

wat er - r Lo ferred hal ogenat ed
hydr o“c‘%?@%‘r‘f gs g?é{ellé%?xg{utbﬁﬁgﬁ? g%%ﬂ%rs f § ? ?St%HE?'P 3 Brggg't hane and
di bronot etr af | uor oet hane. The Fil m Form ng, Cross-Linkable, Hydrolyzed

Pol yner Th olynmer shoul d, he substanti al | ielectric, preferab wi.th a
di el>/ect ri epmlélroencapsuf"allted p ospﬁors o?'rghe presgntdmventlon comprplse a core o¥med

of a phosphor, typically in particulate form, and a film-like sheath surrounding and
.,.enclosing the core. The sheath comprises a hydrolyzed, cross-linked polymer that is
.sufﬁciently impermeable to moisture (especially water) to protect the phosphor from
deteriorating exposure to moisture, but the cross-linked polymer is sufficiently
. permissive to the transmission of illuminating energy to activate the phosphor to a
- luminescent state. Thus, the microencapsulates of the present invention are especially
. adapted for use in luminescent applications.
In the method of the present invention, phosphor particles are mixed with a film-
forming polymer and a lfquid vehicle that is a solvent for the polymer but not for the
- phosphor particles. The mixture is agitated to dissolve the polymer in the liquid vehicle
and to disperse the phosphor particles throughout the solution. A coacervation process is
carried out to induce phase separation of the solution to separate the polymer from the
liquid vehicle and to coat film-like sheaths of the polymer on the phosphor particles. The
.polymer sheaths éurrounding the phosphor particles are then cross-linked to harden the
| polymer and render the polymer sheaths sufficiently impermeable to protect the phosphor

-10 -
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constant | ess than about 2.2, preferably in the range of fromabout 1.8 to
about 2.2. Various polyners may be utilized to formthe protective
filmlikeweolaasisidf the mcroencapsul ates. A preferred p®Cyrmso2sr4ia
hydr ol yzabl e, cross-1inkabl e ethyl ene-vinyl acetate copolyner. For certain
applications, the polymer should be pyrolyzable. A preferred filmformng
polymer for use in the present invention is a poly (ethylene-vinyl

acetate) containing about 60 to about 88 nol percent ethyl ene and having
about 38 to about 55 percent (preferably between about 42 and about 46
percent) of the vinyl acetate groups hydrolyzed to vinyl al cohol groups to
pr ovigdeticiea FtdAndébliGditihg rexpob@@stol indidhie. The HobjrREF-ercdpsalate yEGpRbE for

di ssolving the polyner is toluene. The polyneric capsule wall haterial can
be any filmformn lyneric materd al .that .,ue t he phosphor core

mat edaticley AEe rgg&%ﬁg ‘v\%‘tqsc’ir\’g‘to@r ?”%Fh%raé‘fiésgbflﬂ)eé ?rﬁgﬁﬁg'l y hydrol yzed
poly (ethylene-vinyl '"acetate) in which sone ‘of the vinyl acetate groups
are hydr dUpamdecayery ofithei plydsphor eapshles fromp the prosesse preferghly thiedgolymact i on
sites for subsequent -11- SUBSTI TUTE SHEET (RULE 26) WD 03/043813

PCT/ \&5Q2¢h3 24€ Contatisd lwmka/a Halo ﬁte@ew&sca%omlsi cRhS iR gﬂel?meg%thgghy to

(et hyl ene-vinyl acetate) rmng material can be
rel ativel,y broad range,of, abqut 38 to about 55 per.cen referably within
e <ot AP PAEGE (e ouiinss the MelmTtpeRHedbiivooh e RV AJeRbt y 2 oc
copol yners of ethylene and vinyl acetate contain ethylene groups, vinyl

acet &refgralipalagenaigidnyhydipearivons graskipd, 1, ardcllaro-hd, 2-tpflwweethese bndt he
general formula: ---- CHZCH------------ CHzCHa-------------

CHZCHiibromotetrafluoroethane.

The Film-Forming, Cross-Linkable, Hydrolyzed Polymer

The polymer should be substantially dielectric, preferably with a dielectric
constant less than about 2.2, preferably in the range of from about 1.8 to about 2.2.
Various polymers may be utilized to form the protective film-like sheath of the
microencapsulates. A preferred polymer is a hydrolyzable, cros;%-linkable ethylene-vinyl
acetate copolymer. For certain applications, the polymer should be pyrolyzable.

A preferred film-forming polymer for use in the present invention is a poly
(ethylene-vinyl acetate) containing about 60 to about 88 mol percent ethylene and having
about 38 to about 55 perc;ent (preferably between about 42 and about 46 percent) of the
vinyl acetate groups hydrolyzed to vinyl alcohol groups to provide reaction sites for
éross—linking. A preferred liquid vehicle for dissolving the polymer is t(;luene.

The polymeric capsule wall material can be any film-forming polymeric material
that wets the phosphor core material. The capsule wall material preferably is partially
hydrolyzed poly (ethylene-vinyl acetate) in which some of the vinyl acetate groups are

hydrolyzed to form vinyl alcohol groups in order to provide reaction sites for subsequent

S11-
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I I OHOCOCH3 y x u z wherein x, y and z represent nol fractions of

et hyl ene, vinyl alcohol and vinyl acetate, respectively. Wth respect to

t he degr ewooB/olssds ol ysis, the nol ratio of the vinyl alcecalusgraups to the
sum of vinyl alcohol groups and the vinyl acetate groups present is about
0.15 to about 0.7. The anount of ethylene groups present is also inportant
and can be about 60 to about 88 nol percent. Stated another way, the nol
ratio of ethylene groups to the sum of ethylene groups, vinyl alcohol
groups and vinyl acetate groups can be about 0.6 to about 0.88; The
partially-hydrol yzed poly (ethylene-vinyl acetate) suitable for practicing

the cRised@iling"Thedegee bsydrolydie fot the 86@' (f@hiyléifeﬂh?lﬁc&ﬁ’te?%ll%ﬁn §m

i ndex (using a 2160 -gramforce at 19 10 m nutes) of about

Sg?éhlatg%lapref Sl ﬁ?'s"e%%{‘%@o 5Pyt B o Rob A BBy o5 Fycfoend,

nol ecul ar wei g Is too high, the copolyner will be relatlvely |nsoluble I n
t he PW@ER‘%YW@HN@I@C fange qf@bm;t% teeglout A6 pefcent.of t he ni croencapsul ati on
system If the -12- SUBSTI TUTE SHEET (RULE 26) WD 03/043813 PCT/ US02/ 37246

nol ecul ar TRisg ke Phrtially ieyalrolyzscopslyntds bf\Wthyl&Rs end @Wlaédefﬁﬂe RBNtal

difficult to I nduce during mcroencapsulation. O her suitable polyneric
wal | e{f?ylgﬁé % gul?sr Q/lﬁ)ﬁ'%cg&é' é‘l‘{)u&%l and vinyl alcohol groups, and can be represented

. by the general formula:
- CH,yCHewnememememee CH, CHpmeeemmmemenee CHyCHonmememmmres

OH OCOCH;
y X z

wherein X, y and z repr::sent mol fracﬁons of ethylene, vinyl alcohol and vinyl
acetate, respectively. With respect to the degree of hydrolysis, the mol ratio of the vinyl
alcohol groups to the sum of vinyl alcohol groups and the vinyl acetate groups present is
about 0.15 to about 0.7. The amount of ethylene groups present is also important and can
3 be about 60 to about 88 mol percent. Stated another way, the mol ratio of ethylene
groups to the sum of ethylene groups, vinyl alcohol groups and vinyl acetate groups can
be about 0.6 to about 0.88;
The partially-hydrolyzed poly (ethylene-vinyl acetate) suitable for practicing the
+ present invention has a molecular weight of about 50,000 and a melt index (using a 2160
gram force at 190°C, for 10 minutes) of about 5 to about 70, preferably a melt index of
about 35 to about 45. The molecular weight of the copolymer is not overly critical, except

that if the molecular weight is too high, the copolymer will be relatively insoluble in the

‘liquid vehicle that forms a major portion of the microencapsulation system. If the

-12 -
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formal ) polynmers, poly (vinyl-butyral) polyners, alkylated cellulose (e.g.,
ethyl cellulose), acylated cellulose (e.g., cellulose acetate butyrate)
and t he |wka3/0d33e3 Or gani c, Nonpol ar Sol vent Typical il | ustPcatiSe®37246

wat er-i mm sci ble |iquids which can serve as liquid vehicles for the
present process are solvents for the polyneric wall material and include
the liquid aromatic hydrocarbons such as tol uene, xylene, benzene,

chl orobenzene and the like; and the liquid hal ogenated hydrocarbons such
as trichloroethyl ene, tetrachl oroethylene, carbon tetrachloride, mnethyl
chloride and the like. Al so suitable are solvents such as cycl ohexanol,

met bl dcePRUl ¥l OF BRcopotyiRéfy ltoew,[ﬁﬂggé é’éf;ﬁf‘atioﬁ‘iﬂ%;f‘gé d?ggcuidgs ih&ﬁh%- The

Substance Particles to be "™ croencaps ted ' Prefera phosphor
particles utilized in.the.-present.invention are in mcro- partjicu)ate form
Geneiuihg TisTosHEapsplgton Ofer sillabs, Polymenic svk matsialy are the PRy B

, sectional dinension, preferably fromabout 5 to about 50 microns. The
phosfitmal) ppelynudres, palye(ypoylybsyralhdpeliimets, qalkylateshi cilmlase (ect.atétigl v
proportioned in formng the initial mxture so that the liquid vehicle
constditiibes, b | QIufREREBS RENElost Reetsi% HubfFateF RS ISRQ! YMer constitutes
t he snal Ige?f é(;)gr?g%lnen%l ofg??%e systgm As stg}?hég?abovﬂfmgﬂe

m cr,q,gnc Fsul_atﬁi) ir d d i,n accordance with the present invention have a
cor e 186 1PFEAHG, pyont OB% YIH particle encapsul ated by a protective wall or

sheath of a water-inperneable polynmer material. Such mcroencapsul ates are
usef ul 13TgpRaTiltustatiseRaTerRUnBCHgy linad33ritials a8 sd2eR AutR@IB veHicles for

the present process are solvents for the polymeric wall material and include the liquid
aromatic hydrocarbons such as toluene, xylene, benzene, chlorobenzene and the like; and
the liquid halogenated hydrocarbons such as trichloroethylene, tetrachloroethylene,
carbon tetrachloride, methyl chloride and the like. Also suitable are solvents such as

cyclohexanol, methyl isobutyl ketone, 1-methyl-2-pyrrolidone, butanol and the like.

The Substance Particles to be Microencapsulated
Preferably, the phosphor particles utilized in the present invention are in micro-
particulate form, gengrally in the range of from about 1 to about 100 microns in cross-
sectional dimension, preferably from about 5 to about 50 microns. The phosphor
* particles, the polymer and the liquid vehicle are relatively proportioned in forming the
initial mixture so that the liquid vehicle constitutes the major component of the system
and the polymer constitutes the smallest component of the system.
As stated above, the microencapsulates produced in accordance with the present
invention have a core comprised of a phosphor particle encapsulated by a protective wall

“or sheath of a water-impermeable polymer material. Such microencapsulates are useful

13 -
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for. illumnating road signs, intersections, house nunbers, instrunent
panels, aircraft interiors, watch dials, calculator displays, cathode ray
t ubes, etwo Bogsni ng on whi ch phosphor is m croencapsul atP€Trysor/sie46

m croencapsul ates may be activated to their phosphorescent state by the
application of electric current, inpacted by electrons, absorption of

el ectromagnetic radiation or by other activating neans. Typical phosphors

i ncl ude oxygen-dom nated phosphors such as: CaW4: PoMpWAZn2Si O4: Mh

CaSi 3: Pb, Mh(MO,, (As20s),,: MCa5F(POX4)3: Sh, WM Ca5C | (PO4)3: Sbh,
VhBaSi 205: PbCa3(POX4)2: Tl SrHPOASNY203: Eu(l11)YVO4: Eu Zn2GeM4:

Vh( BeZnillyndiSaing madngigus; | iatdriectiophohpine Aumdes) indnsHbAl P8sels S ealrenifdes and
tellurides of zinc, cadmum and nmercury, e.g., ZnS:AgCl ;" ZnS: CuCl;

ZnS: Mact At | e | uch as wn(l1), P, As, Sb,
Vv, Fle an0 ’rll\? ?@\?ﬂx%ﬁtgﬁﬁlﬁ@gp zsrpgz{}gué%thggé t%};{uﬁéﬁs’ggcéns, Al, Ga and In, and
ZnS activated hy conbinations of the rare earths with either Ag or Cu; CdS
with the DsRendiBgiampdich Bhespbonés migiosneansulated, thel mistencapsulaes;may

al kaline-earth suifides, e.g. CaS, SrS, etc., containing europium cerium
coppbe activated be skeir phosphorescentastatbitgmiicappBt&ionfofMN\ele R cudfsht OfrAigdttsd
phosphors such as stil bene, naphthal ene, anthracene and phenanthrene.

TooroiFsouahS, SsBERIRSE ok o tioa iy O By Bl BERYSURRRRARS O o - 1us "
SUB.STI' TUTJI:' h ghcgngléllrEs %g?ude oxygen-dominated phosphors such as:

ypica p
CaWO0,:Pb MgWO, Zn;SiO4: Mn
CaSi0O;: Pb, Mn (MgO)x (As205)x: Mn CasF(P04)3: Sb, Mn
CasC1(POq)s: Sb,Mn  _ BaSi,Os: Pb Ca3(PO4)y: TI
SrHPO4Sn Y205: Eu(III) YVO,: Eu
Zn,GeOy4: Mn (BaZnMg)3Si,04

‘diamond-lattice phosphors, such as sulfides, selenides and tellurides of zine, cadmium

. and mercury, e.g., ZnS:AgCl; ZnS:CuCl; ZnS:MnCl and ZnS activated by other

- activators such as Mn(Il), P, As, Sb, V, Fe and Ti, with coactivators such as the halogens,

‘Al, Ga and In, and ZnS activated by combinations of the rare earths with either Ag or Cu;

| CdS with the same activators and coactivators described above for ZnS; alkaline-earth

spiﬁdes, e.g. CaS, SrS, etc., containing europium, cerium, copper, manganese, samarium,

~or bismuth, SiC, AiN, GaP; and organic phosphors such as stilbene, naphthalene,
anthracene and phenanthrene.

Phosphors are discussed in detail in Kirk-Othmer, Encyclopedia of

Chemical Technology, Jobn Wiley & Sons, (2 ed. 1967) at pages 616-631, which

-14- |
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WD 03/ 043813 PCT/ US02/ 37246 di scussion is incorporated by reference into
the present application. A discussion of the theoretical aspects of
phosphor swand/o#ssiis sti ng of certain common phosphors and t Rerrusopsoperti es
are found in Theculis, Encyclopedic D ctionary of Physics, (Perganon Press,
Oxford 1962) at pages 368-372, which discussion is incorporated by
reference into the present application. Wen one desires to excite the

m cr oencapsul at ed phosphors by el ectrol um nescence (which is defined as
the direct conversion of electrical energy into |ight energy by nmeans of
radi ati ve reconbi nation of electron and hole currents), zinc sulfide

( spedisdusyioprsfiacagponitthby refepgree int ihegiredent 8ppiatibnpaa tdisdustios sfapeer
ends up as a second phase of copper sulfide) Is preferred as a core

mat ery The o$S | | e gt ' e rocess s sinmilar. to the
phot cﬂ’gérﬁe F\%@Cg Cg‘%gﬁ@?%gﬁ%ﬁggﬁ auﬁ%tﬁlgé/ :d?l cgﬁﬁﬁegérpﬁgﬁ Bﬁ(.)sﬁblo«&( Pn%j éﬁexr

el ectrol unj nescent an&g W.1 h thi ckness of less than 1/32 in. have been
ut i | iBXERextgs ﬂﬁ?gaﬁ)m eqWiss Erqrelanedig Distensuy of Rhysiasu fRergapwndpress,
illum nation, signs markers, etc. For a conprehensive review of

el ectOxfordi 19629 en pages 868-B72Fwhicly dist®isidit &nfcorpor#ted 8N rdPerdnge intd, the03
(1959); J. Electronchem Sec. 108, 590 (1961); Electrochem Technol 1, 42

(1963),- 'Fﬁfﬂns(:h’ El ect rol um nescence, Perganon Press, New York,
1962;%%5% tﬁgpk vey, Electrolunminescence and Rel ated Effects, Acadenic

Press, Inc New York, ,1963. El ectrol um nescence has al so been observed in
singl e cryWhens ope agusites: thTexelte oihe, mifroeneapsulated aphosghorsheby
compounds. I n nmany of these exanples, the excitation is attributed to
car r igdectroipatihescence(whioh ris jdefieed @8- the direct conversion of electrical energy into
light energy by means of radiative recombination of electron and hole currents), zing
sulfide (specially prepared with-a copper activator in which part of the copper ends up as
‘a second phase of copper sulfide) is preferred as a core material. The emission of the
electroluminescent process is similar to the photoluminescence observed under ultraviolet
.excitation. Flexible electroluminescent lamps with a thickness (;f less than 1/32 in. have
been utilized in many applications including readouts, instrument panel illumination,
- signs markers, etc.
For a comprehensive review of electroluminescence, see H. F. Ivy, IRE Trans.
Electron Devices 6, 203 z1959); J. Electronchem. Sec. 108, 590 (1961); Electrochem.
" Technol 1 , 42 (1963); H. K. Henisch, Electroluminescence, Pergaﬁxon Press, New York,
.1962; and H. F. Ivey, Electroluminescence and Related Effects, Academic Press, Inc.,
New York, 1963. Electroluminescence has also been observed in single crystals of

AnS:Cu; ZnTe:Cu; SiC; GaP; and GaAs, among other compounds. In many of these

examples, the excitation is attributed to carrier injection in a p-n junction.

215 -
SUBSTITUTE SHEET (RULE 26)



15- SUBSTI TUTE SHEET (RULE 26) WD 03/043813 PCT/ US02/ 37246 The

m croencapsules will typically be supported in a matrix in which the nedi a
of the rwoOro3s43ws r oundi ng the phosphor particles shoul d Iraeraisaz/sfizeé ectric
constant in the range of about 10 to about 20 in order for the phosphors
to be activated by an electric field. Upon application of alternating
current to the substrate and cover of a typical sign, an electronmagnetic
field is produced, thereby subjecting the phosphor particles within the

m croencapsul es in the supporting matrix to the resultant el ectromagnetic
wave energy and causing the phosphors to |um nesce. This

el ect r ol uilrerterceacafsuleh avifiltpsiohlly be suppartdd @l emairix inhwhithctheenedinsgl at es
creates an illumnated display in the pattern of the nessage which those

pers ' | : ' r ' der i ST HRY

Vi Si gﬁée @%Mééogﬁsill’r g?gggetﬁ%}pgp%aé\}%%s& gﬁg%éggﬁﬂg%%i fpgﬂgé}giﬁc%orgga%?dﬂ,mf’ai n,
snow, etc. For gi SP| ys éB .be Hsed i n environments where a ready source of
al t eARES RE about ) °r1§§9“ﬁ infrdes, tor) the phosphass e bejackivateddby entelewricent
form such as froma battery, nay be supplied to t he substrate and cover
t hrodgdldan inverter for converting the electrical energy to alternating
current. The m croencapsul ated phosphors of this invention can al so be

mator i ol oroof2PREFRRE: ol AL T Ao biftRe B RVLOLS RabS N or
bur ni ng., The result € unencapsul ated_ . phosphors deposited on the screen.
Thi 5 mlﬁ@aom@geé%zﬁﬁﬁ IR Er h@ﬁr%rmbmcgggmmwphes padicleswithin the
phosphors are deposited in a controlled manner. In this instance, the
microencapsules in the supporting matrix to the resultant electromagnetic wave energy
and causing the phosphors to luminesce. This electroluminescence of the phosphor
‘particles in the microencapsulates creates an illuminated display in the pattern of the
message which those persons skilled in the art will recognize and understand is readily
visible at considerable distances and under conditions such as fog, rain, snow, etc. For
- displays to be used in environments where a ready source of alternating current may not
be available, electricity in direct current form, such as from a battery, may be supplied to
the substrate and cover through an inverter for converting the electrical energy to
alternating current.
The microencapsuiated phosphors of this invention can also be deposited on a
screen, as in a cathode ray tube, after which the polymer material of the wall or sheath
can be destroyed, such as by pyrolyzing or bumir;g. The results are unencapsulated
phosphors deposited on the screen. This method of depositing phosphor particles may be

- useful where the phosphors are deposited in a controlled manner. In this instance, the

.wall material must be capable of being destroyed by pyrolysis at relatively low

-16 -
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wal | material nust be capable of being destroyed by pyrolysis at relatively
| ow - 16- SUBSTI TUTE SHEET (RULE 26) WD 03/043813 PCT/ US02/ 37246

t enrper at We30ks13 do not adversely affect the phosphors. Poa/usSvhyizene- vi nyl
acetate copolyner, as well as other alternative polynmers, is suitable for
this purpose. Basically, mcroencapsul ates that contain phosphor particles
can be produced by interm xing, (a) a phosphor, (b) a filmformng
polynmeric material and (c) a water- imm scible |iquid vehicle capabl e of

di ssolving the polyneric material but not the phosphor. In a preferred
enbodi ment, the phosphor is in the formof phosphor particles, which have

aver. BBt it 46 ddieadvenely affeabeh phosptmranThe etdbdehe-1i nacetaias,
preftgﬁg% I n the range of ab?ut 5 m'crgns to about 50 microns. The

phosphor materi al,. can,b ] .ed . b Qi and this is a
usef POE@P%@SGQ’ el}, ¥ Pf@?ﬁ‘gé’@é‘ﬁ%@%@#&%ggﬂ‘d{s@?fr@@’gﬁg%p‘?ggduced mxture is
agitated to disperse the phosphor particles as individugl mnute,

cor e- f or nBagjcally, miieroencapsulgies that; ¢pataip; phosphareparticles canshsy progvcadibyat ed
systemin which the liquid vehicle constitutes the nmajor conponent of the
syst ﬁg&nﬁﬁﬁﬁo olay N& hespidrN(bYo b nfilkg-fomhingi polyhterichmatetiab ealdv & & nwatee-

I'i qurd vehi cl'e. "Next, ‘phase separation is induced within the agitated

o ritpisHE Baai 2ehi e ROPHIE S ATRRFRAL e GRrhOS: chaih SR g0Cugne to
cores. Next, the polymeric material in the, sheaths i ross-linked to form
pr ot phospher.vd & prefieoigdenbadippuls Hiophesphes is in fﬁlﬁlfpw ot%ffg‘osﬁh‘?ﬁ BEHCIES, wal | s
may be contacted with a hal ogenated hydrocarbon for a tinme period
" which have average diameters in the range of about 1 micron to about 100 microns,
preferably in the range of about 5 microns to about 50 microns.

The phosphor material can be microencapsulated in liquid form, and this is a
useful method of utilizing some organic phosphors. The produced ﬁixture is agitated to
disperse the phosphor particles as individual minute core-forming entities throughout the

- liquid vehicle to form an agitated system in which the liquid vehicle constitutes the major
component of the system. The polymeric film-forming material is then dissolved in the

" liquid vehicle. Next, phase separation is induced within the agitated system to separate
the polymeric material from the liquid vehicle and to form film-like sheaths of the
polymeric material arounId the phosphor cores. Next, the polymeric material in the
sheaths is cross-linked to form protective walls around the phosphor cores. Finally, the
protective walls may be contacted with a halogenated hydrocarbon for a time period
sufficient to enhance the resistance of the walls to water, and are then washed and dried.

A preferred process for microencapsulating phosphor particles, such as zinc

sulfide doped with copper, includes subjecting the phosphor particles to a coacervative

microencapsulation process which is of the liquid-liquid phase separation type, utilizing

-17- ,
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sufficient to enhance the resistance of the walls to water, and are then
washed and dried. A preferred process for m croencapsul ati ng phosphor
particl eswogaoissas zi nc sul fide doped with copper, include3/tsabpreéi ng the
phosphor particles to a coacervative m croencapsul ation process which is

of the liquid-liquid phase separation type, utilizing - 17 SUBSTI TUTE SHEET
(RULE 26) WD 03/043813 PCT/ US02/ 37246 an organic liquid vehicle and a

partially hydrolyzed ethyl ene-vinyl acetate copolynmer as the filmformng
wal | material. The filmlike polyner wall of the mcroencapsule forned by
this process is subsequently hardened by cross-linking and can be contacted

Wt 'hnao}tgframéﬂﬁ' Lid'gekivRr fecd patially 1@@?@?2&1 EgienbAnnfl dcetatecpelyRiceiar abl v,
the mcto

encapsule entities are"then freated with a finely divided silica
gel to Lphprove.their, resi.stance regation duri dryi.ng an
PF1 ths. hBR-ophise Sellh apaRHizh oty imEER ERDmS o o he Hirhritipsuie
contenpl ates that phase separation nmay be induced in various ways,
t ypi fomined oy thintprodessi is gubsequenthe haidened dyacrpsmlinking padatdmbe icaniactady
material. For exanple, a conplenentary polyneric material having |ess

af fi gy of wt MRilRAORRIBEarbad t ioC|@BiatdtatediOhnéd ol Water OprafaigbRe! yeer nay
be dissolved in the liquid vehicle so that the filmformng polyner is

caused to preferentj.all oat th sphor. rticles. Alternativel a
non- THAFIPRBREINSY F’é‘?‘%‘%ﬁ a’%htg 1 %fga‘ﬁgt‘ggﬁ§ ‘%Xgﬁl lgﬁgtsﬁgafgqlr’@f‘g’fpﬁ?%eg% yner
or the phosphor particles may be utilized as the phase separati on-inducing

mat erdsidtandertoarggregatiosl dusimgalrying, andHzltrationpar at i on may be i nduced, with or
wi t hout

Phase Separation of the Solution
The present invention contemplates that phase separation may be induced in
~ various ways, typically by introducing into the mixture a phase separation-inducing
material. For example, a complementary polymeric material having less affinity for the
o - phosphor particles than for the film-forming polymer may be dissolved in the liquid
vehicle so that the film-forming polymer is caused to preferentially coat the phosphor
" particles.

Alternatively, a non-polymeric material that is not a solvent ‘for the film-forming
polymer or the phosphm: particles may be utilized as the phase separation-inducing
material. In another alternative, phase separation may be induced, with or without
introducing any phase separation-inducing material into the system, by adjusting the
temperature of the system to a temperature at which the film-forming polymer becomes
generally insoluble in the liquid vehicle. As will be understood, this step in the process
may involve either cooling or heating the system, depending upon the paﬁicular film-

forming polymer being utilized.

18
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I ntroduci ng any phase separation-inducing material into the system by
adjusting the tenperature of the systemto a tenperature at which the
filmfornmvogs3pasysrer beconmes generally insoluble in the IPCauisd2/sehé cl e. As
wi |l be understood, this step in the process nay involve either cooling or
heati ng the system depending upon the particular film form ng pol yner
being utilized. 18 SUBSTI TUTE SHEET (RULE 26) WD 03/043813 PCT/ US02/ 37246
When used, a phase separation-inducing nmaterial may be introduced into the
systemeither during or after the initial mxing step. As a further
alternative, the film formng polymer and the phase separation-induci ng

mat eri al WPb@sédJié iphbée/ separatbrslriducingn thateril hﬂaY&fﬁiiﬁtP@d\mmeb wheh the

l i quid vehicle and the phosphor particles. Suitable phase

vt ppans Siha Coraad W it Rl BN HECAS of B ok, Mo MR ¢,

system less affinity for the capsul e core material than does the polyneric
fi 1 nfofraing pglymeereatidaihe phabeseposatiomiidugingaatesak way e inijpdli mixed with
preferentially around the dispersed cores. In other words, the phase

fsepa&&talxmhémiﬁaa Bk Wit th'bsﬁqh RE Oehilalel dldahevphbsphbe paeicteger i ¢ film

ormng material. Illustrative phase separation-inducing materials of this
type are ol,yneric materials.such as _sjlico ohls.. e.a. .. palydinethyl
&1 Foxane, SSRHE hfsdacb iy it Smalorisi e et pxdieflh iR SuiiRy He
mol ecul ar wei ght of about 8,000 to about 10, 000; ol ybut ene having a
nol epalymerigengtarials thayque soleble in tsoliquid sshideppd ﬁgﬂtﬁ@kﬂblétlmih@ s¥sten ny|
acet ate copol yners; natural waxes; and the like. Polyneric nmaterials of
thi sjegenfidty oy capsuls 2BR) inaRgiat edsrthe 9dlymerd Bliarforming ARMGYATENt ary

pol.ymeric nmaterial s.

thereby causing the latter to deposit preferentially around the dispersed cores. In other
words, the phase separation-inducing material is incompatible with the polymeric film-
forming material. Illustrative phase separation-inducing materials of this type are
~ polymeric materials such as silicone oils, e.g., polydimethyl siloxane, and the like; poly-
- olefins, e.g., polybutadiene having a molecular weight of about 8,000 to about 10,000;
polybutene having a molecular weight of about 330 to about 780; unhydrolyzed ethylene-
" vinyl acetate copolymers; natural waxes; and the like. Polymeric materials of this general

type are sometimes characterized in the art as “complementary polymeric materials.”
Another type of phi;SC separation-inducing material that can be utilized to initially
form the microcapsule wall or sheath is a non-polymeric liquid that is a non-solvent for
tﬁe polymeric film-forming material and the capsule core material, but is miscible with
the liquid v;ahicle. Tllustrative phase separation-inducing materials of the non-solvent type
 are the vegetable oils, e.g., the semi-drying oils such as cottonseed oil or comn oil, and the

drying oils such as linseed oil, soybean oil and the like. Other illustrative materials of the

non-solvent type are mineral oils, halogenated mineral oils, liquid saturated alicyclic
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Anot her type of phase separation-inducing nmaterial that can be utilized to
initially formthe mcrocapsule wall or sheath is a non-polyneric liquid
that is awoonassizyent for the polyneric filmform ng nat ecraiSoasmt4é he
capsule core material, but is mscible with the Iiquid vehicle.
II'lustrative phase separation-inducing materials of the non-solvent type
are the vegetable oils, e.g., the sem-drying oils such as cottonseed oil
or corn oil, and the drying oils such as linseed oil, soybean oil and the
like. Qher illustrative materials of the non-solvent type are m neral
oils, halogenated mneral oils, liquid saturated alicyclic -19- SUBSTI TUTE
SHEEH%der&xEoﬂE)su\éﬂ &?d)&m&&l@@élbﬁ%ﬁﬁ 243 thy dikes Highih) satevatbd araight-

cycl ohexane, cycl oheptane, and the like, liquid, saturated straight chain

alip Hﬁgugggﬁeﬁgap&eamﬁ%cﬁgsm@g 450 %en {&?eoé]ea 3, the |ike. To bring

abou ase separation and the or m crocapsul e wal |
formation, the fi rm ng meric terlal t he phase

separ at i oROiHiHRE ?1%3“%‘3 éﬁhﬁ%ﬂ epa of‘f?é‘dgg? @gﬁﬂdwhﬁﬁg@émé@céﬁsﬁlﬁé\’ﬂu qui d
vehicl e of the systen) can be conmbined in any conveni ent sequence.

Pr.ef égratition, ahelifilot-forsmingtpodymeric hiwtenpal] yine phasef sdpardtionrindgcingtaatedial i s
formed first, and ‘the liquid-1iquid phase separation is then effected by

t he ri.al

e i i e e 28 ERTLRA VeI R Rkl belorla® LB e
reversed. Alternativ mfo ng oly terial 'and the

phas éo%mtﬁtﬁeﬂﬁeﬂ?ﬁj}(??f?ﬁa% % ue se Bé’fég EBE’EBT\WI Eﬁ“t fpening wategialehi cl e
si nmul t aneously. The quantitative relationships of the filmformng

pol yieformedefiest] ahd ainllityhid-liquid phase separation is then effected by the addition of

the phase separation-inducing material at an elevated temperature of about 30°C or
‘higher.
| However, the order of addition can be reversed. Alternatively, the ﬁlm~fom1ing
polymeric material ‘and the phase separation-inducing material can be combined with the
liquid vehicle simultaneously.

The quantitative relationships of the film-forming polymeric material and the
phase separation-inducing material depend on the particular materials that are used and
also on the thickness of the protective wall or film-like sheath desired for t'he phosphor
}cor,e of the capsule. In gexieral, the film-forming polymer constitutes about 0.5 to about 5

" percent (preferably about 1 to about 2 percent) of the total system volume, the phase
séparation inducing material constitutes about 0.5 to about 25 percent (preferably about 8
to about 12 percent) of the total system volume, and the discrete capsule core material

| entities constitute about 2 to about 30 percent (preferably about 15 to about 20 percent) of
the total system volume. In this manner, the resultant microencapsules of the present

invention have a relatively high phase ratio of the phosphor core to the protective
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phase separation-inducing material depend on the particular materials that
are used and also on the thickness of the protective wall or filmlike
sheat h deworoa@4ises t he phosphor core of the capsule. |n gemarsat/372unhe
filmform ng polyner constitutes about 0.5 to about 5 percent (preferably
about 1 to about 2 percent) of the total system vol une, the phase
separation inducing material constitutes about 0.5 to about 25 percent
(preferably about 8 to about 12 percent) of the total system vol une, and
the discrete capsule core material entities constitute about 2 to about 30
percent (preferably about 15 to about 20 percent) of the total system

vol gg@ efict Wall BRIYARELh, tibpichiby Uht et rdfiger 6F TeaaRSdboas 1f tbhgbautesent

i nventfon have a relatively high phase ratio of the phosphor core to the
pr ot ect.i vmzqﬁ. % BSTI TUTE %;{F TafoéJLE 26) WO 03/ 043813 PCT/ US02/ 37246

pol yRREFeTaDIXAVIthih ihg ppERend QL HaLIANEE: " | e range of from about 3:1 to about

I
cal
20:1, - preferably within the upper end of that range. Alternatively,
phase- sepaAttatriativelyaphpee-sepauasion cantbe imduped sithie thensystem by first formjnga
solution of the polyneric filmformng material (i.e., the mcrocapsule

wal | 5 f@hifioRdof MR Bblythdrid Hlhb@rhinguirtterRlli(EkS 1Bé miicRicapaile WaIReskming

di ssolution tenperatiure and thereafter changing the tenperature of "the

resul ting.sol ytipen by heating or .cooling,i.0 .1n [0t e ature
for merreatm the fitiydtife g iraBRusRe difoRid it Hichis ahq LEERRA' 1o
solution tenperature is |owered by at |east about 10C, to effect the

mi cr okangiys tHectewgleraturd of thatreswting selntion by heatisg ko coolingteandinsphwbility i n t he
sol ution. However, in instances where the solubility of the polyneric

B N e Tt S
solution temperature is lowered by at least about 10°C. to effect the microencapsule wall
formation around the phosphor-cores dispersed in the solution. However, in instances
.where the solubility of the polymeric material in the liquid vehicle decreases with
increasing temperature, phase separation is induced by elevating the temperature of the
polymeric material solution.

A combination of these phase separation inducing techniques can also be
employéd.
| Cross-Linking of the Film-Forming, Cross-Linkable, Hydrolyzed Polymer

Suitable cross-linki;xg agents useful for hardening the microcapsules according to
the present invention include the diisocyanates or polyisocyanates, e.g., toluene
diisocyanate, with or without a catalyst present. Particularly preferred is a toluene
ciiisocyanate-trimethylol propane adduct, usually dissolved in an aliquot of the liquid
j.‘vehicle. Also suitable as cross-linking agents are the diacid halides such as malonyl
chloride, oxalyl chloride, sulfonyl chloride, thionyl chloride and the like, and difunctional
‘hydrides. Another grouping of suitable hardening agents is illustrated by the alkali
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polyneric material solution. A conbination of these phase separation

I nduci ng, techni ques can also be enployed. Cross-Linking of the

Fi | m For rvog3/o@8ess- Li nkabl e, Hydrol yzed Pol yrmer Suit abl e Pemase2/bi2aki ng
agents useful for hardening the m crocapsul es according to the present

I nvention include the diisocyanates or polyisocyanates, e.g., toluene
diisocyanate, with or without a catal yst present. Particularly preferred is
a toluene diisocyanate-trinethylol propane adduct, usually dissolved in an
aliquot of the liquid vehicle. Also suitable as cross-linking agents are
the diacid halides such as malonyl chloride, oxalyl chloride, sulfonyl

chl oalkgeides Ruehyas ¢ soditen, apolagstuen,| likdumamtl defiunc mathakided)yethoxidss,
Anot her grouping of suitable hardening agents is illustrated by the al kali

-21- (RULE 26) WD 03/043813 PCT/ US02/ 37246 al koxi des such
as twgg@%;&%}gﬁégﬁgl um lithiumand cesi um net hoxi des, ethoxides,

propoxi des and the like. To effect the desired chem cal] hardening of the
formed shEateffeenthe Kepissd, chﬁmwf dwrdeing oft the %%@’Qdaﬁgﬁﬂtg, ad | therahy

cross-linking or hardeni ng agent can be dissolved in an aliquot of the
|'i qupbvidRhthe! protectise aahsule bl thel drbss-Kokivig or handenimeageridan bealissobved
suspensi on of sheathed capsule cores. Cross-linking can then be carried out

i oo &7 ERAGRE RF (B AREV<Helc & ARG indiic 3ohiefF ot aF Bl RPMG ° ¢
used. The crossg-linking ti period, when using the djacid halides can be
AbouBISHORYOR bEh Segthigtn GRRSSIE SAEFSAHEH9SE: inking wan then be carried out at a
. temperature of about 0°C to about 50°C for a time period of a\zbout 5 minutes to about 20
hours, depending on the cross-linking agent that is used. The cross-linking time period
when using the diacid halides can be about 5 to about 15 minutes, and when using the
diisocyanates can be about 5 to about 15 hours, depending on reaction conditions.

The microencapsule sheath can also be hardened or cross-linked by exposing the
sheath to high energy ionizing radiation such as accelerated electrons, X-rays, gamma
'rays, alpha particles, neutrons and the like. )

Permeability of the protective wall of the microencapsuies is dependent to a
considerable extent on the degree of cross-linking that has been effected, and can be built
into the protective wall as "desired for a given end use by controlling the degree of cross-

 linking,

Cross-linking of the polymer may also be accomplished in differing manners.
Typically, a cross-linking agent is added to the system, with preferred cross-linking
agents being diisocyanates, polyisocyanates, diacid halides, difunctional hydrides and
alkali alkoxides. Alternatively, cross-linking can be induced by applying radiation to the
.system.
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di i socyanates can be about 5 to about 15 hours, depending on reaction

condi tions. The m croencapsul e sheath can al so be hardened or cross-I|inked
by exposiwg@ osiessizheath to hi gh energy ionizing radi ati onPSTAIs0A37246
accelerated el ectrons, X-rays, gamma rays, al pha particles, neutrons and
the like. Perneability of the protective wall of the m croencapsules is
dependent to a considerable extent on the degree of cross-linking that has
been effected, and can be built into the protective wall as desired for a
given end use by controlling the degree of cross- linking. Cross-Ilinking of
t he pol yner may al so be acconplished in differing manners. Typically, a

Cross-|i nNIﬁgod«?r%?ggulﬁ 0?9%%%ﬁzés%n%% falfybdy Wg&i]gfa{cggisn%rtgléiﬁ'éée King

agent s being cyanat es, yl socyanates, di acl uncti onal
hydri ,des and | kal i .al koxi des. ternatively, cross-|inking can be induced
by apBYSAURE. a&@ itAESC B Fap (& tengh ISomAN avepag B@FW@%E"SPEEWGW_@ less wo
03/ 043813 PCT/ US02/ 37246 M cr oencapsul es of various sizes can be
nenuftactboed seweml pthausdndi mgictdes pnésanire. iTheemshain sizandort hs epaiduesd can
extend from an average di aneter of about 1 mcron or less to about several

thousaRfodHoabRNEs 30 AbbRY £ mil6n s Wbbut 13900 Uhidibiis B A0UGed aiffnefeanarsyl es

I s abou nmcron to about 1 mcrons in average dra .
S1 i IREPIegably . iy GO AP0 S APICHS i aPait: H508 isrotcamlarihyhag
anounts of phosphor core material that can constitute up to about 99
per canicreencapsudenfcanhipe tmamifastareghto ebntxde varying amounts of phosphor core
material that can constitute up to about 99 percent or more of the total weight of each
r‘nicroencapsule. Preferably, the core material constitutes about 50 to about 97 percent of
the total weight of each microencapsule.
To illustrate the process of this invention, a solution of a liquid vehicle such as
toluene and a film-forming polymeric material comprising partially hydrolyzed ethylene-
~ vinyl acetate copolymer (HEV A), having from about 38 percent to about 55 percent, and
preferably from about- 44 percent to about 46 percent, of the vinyl acetate groups
hydrolyzed to form vinyl alcohol groups, is prepared at an elevated dissolution
temperature which is suitgbly above about 70°C, and preferably from about 75°C to about
'100°C. The produced sollution is then ready to receive the phosphoric core material.
Preferably, the solution is allowed to cool to a dispersion temperature of about 30°C to
about 65°C. Phosphor particles having an average diameter in the range of about 5 to
about 50 microns, are then added to the HEVA-toluene solution with vigorous agitation

soasto disperse the phosphor particles as core material entities throughout the HEVA-

toluene solution.
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m croencapsul e. Preferably, the core material constitutes about 50 to about
97 percent of the total weight of each m croencapsule. To illustrate the
process oWwotohiogssihvention, a solution of a |liquid vehicl e PEOAI$023724¢ 0l uene
and a'filmformng polyneric material conprising partially hydrol yzed

et hyl ene- vinyl acetate copolyner (HEVA), having from about 38 percent to
about 55 percent, and preferably from about, 44 percent to about 46
percent, of the vinyl acetate groups hydrolyzed to formvinyl alcohol
groups, is prepared at an elevated dissolution tenperature which is

sui tably above about 70C, and preferably from about 75C to about 100C. The

produced sekit lighid-Bqhidephdse adpatafion WFath¥ HEVR retsg?@&&géri frofiCfife fBhé&ld al -

Preferably, the solutionis allowed to cool to a persion tenperature of

about C to. abaut, 65C,. Phosphor par.ticles havi an_aver di ter in
the. safigan sy indiRRH by ing pORR P RAlbg ndier SR ds Sauducred g, pud en
HEVA-t ol uene solution with vigorous agitation so as to disperse the
phos gholing thet rasuditnga snizbire toratfhabarbeparation empenatorsy fothe tdnge HOM-abbat uene
solution. 23 SUBSTI TUTE SHEET (RULE 26) WD 03/043813 PCT/ US02/ 37246 Next,

i quidodi g uihul F9€, SRERRALY FPorRfatolie 20%YA0 CaRet %n&ﬂ?m &&ﬁgﬁﬂﬁg"%ﬂ@

solution is induced by adding a phase separating i , such as
phas SERE B misiSRln R denf8ed hOBqerRCRho bR aBvises. Hveenabsahasec
preferably from about 20C to about 30C, while continuing the- agitation to
nai ntseparatiore indwegesr caad alsorlee pddest ealier; hoafpreothepphosphioe corésoWhen ,pidse phase
separation inducer can also be added earlier, before the phosphor cores.
Wien sphadfon is induced within the system, the wall-forming HEVA copolymer material
~ separates out as another discontinuous phase, i.e., a third phase, that preferentially wets
Athe phosphor cores and forms a sheath or capsule wall. This third phase is a relatively
.concentrated solution or gel of the polymeric material, is more viscous than the
continuous phase, and in addition, is of sufficiently high viscosity to maintain a
‘substantially continuous sheath around ‘the discrete phosphor cores despite the shearing
forces incident to the forces required to maintain these entities in dispersion.
Next, a solution of a cross-linking agent, such as toluene diisocyanate (TDI)
adducted with trimethylol propane in toluene, is added to the cooled admixture to cross-
) .1ink, and thus to harden, the HEVA sheath which is deposited around the phosphor cores
] -as a result of the addition of the phase-separation inducing cottonseed oil. After TDI
adduct addition, the produced mixture is further cooled to a temperature in the range of
about 0°C to about 20°C and is then pérmitted to warm to ambient temperature while

being continuously agitated. Agitation is continuous until cross-linking is completed.

Thereafter, the produced microencapsules are recovered, washed and dried.
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separation is induced wthin the system the wall-form ng HEVA copol yner
materi al separates out as anot her discontinuous phase, i.e., a third
phase, thapDopefses entially wets the phosphor cores and f @cwaisaz/siheat h or
capsule wall. This third phase is a relatively concentrated solution or

gel of the polyneric material, is nore viscous than the continuous phase,
and in addition, is of sufficiently high viscosity to maintain a
substantially, continuous sheath around the discrete phosphor cores despite
the shearing forces incident to the forces required to nmaintain these
entities in dispersion. Next, a solution of a cross-linking agent, such as

tol uene drpgqcifediired,(thmicraagysibe sreohfackéd wahmymb%ﬁfa@mf%waﬁehyene,
I us to harden,

i's added to the cool ed adm xture to cross- |ink, and t he
HEVA sheath which i,s deposi.ted around the _phosphor res, -as a result of
Che. SHEh GO SYSRARdnE, i BUGBERRoR | bderROEOT b oaseafupemans; TN Toy
adduct -addition, the produced m xture is further cooled to a tenperature in
t' he meashecontractsbibetshegthtar wald of (RO @icodnéapsuleemdperemériis aggtegation of the

anbi ent tenperature while being continuously agitated. Agitation is

conti j i | ipaky ' iad T, rodyced
o1 O oy rouap IR, B ried, R SRR TR NS T
(RULE..26) V\i) 03/ %3313 PCL/ US02/ 37.246 TheB% i f desired, the mcraocapsul es
are SUMERELA i OHR S MALER-Hetr BERFISSn 10 BIRVANL s2887e8atlioBe i tBe t he

m crocapsules in 1, 1,2-trichloro-1,2,2 -trifluroethane. This wash

cont maicreenchpsweémat h or wal | of the microencapsul e and prevents aggregation
of the mcroencapsules. Finally, the m croencapsul es are dried, and

pref er abl yrHer patiseflt Wivieiitidn is further illustrated by the following examples that are

illustrative of certain embodiments designed to teach those of ordinary skill in the art how
to practice this invention and to represent the best mode contemplated for carrying out

this invention.

Example 1
Sixty grams of a hydrolyzed ethylene-vinyl acetate copolymer (HEVA, sold under
the trademark Japan 8 by Mitsui Corporation) having 44-52 percent of its vinyl acetate
| groups hydrolyzed to vinyl alcohol groups and having a melt index of 35-37, is added to
2400 ml of toluene in a 4 liter beaker equipped with a 4-inch turbine impeller on a
~ variable speed stirring motor. The HEVA copolymer is dissolved in the toluene by
heating the solution to 85°C and stirring for 15 minutes. Next, the heat is removed, and
the temperature is allowed to drop to 58°C. At that time, 900 grams of green phosphor
- particles, having average diameters in the range of about 10 microns to about 40 microns,
are added to the solution of the HEVA copolymer in toluene with vigorous agitation with

the stirrer increased to 480 rpm to disperse the phosphor particles substantially uniformly
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silica gel inthe formof mcron-size particles to prevent aggregation of

the mcroencapsul es. The present invention is further illustrated by the
fol | ow ngwexamdses that are illustrative of certain enbo@Crarstz3tesi gned
to teach those of ordinary skill in the art how to practice this invention

and to represent the best node contenplated for carrying out this

I nvention. Exanple 1 Sixty grans of a hydrolyzed ethyl ene-vinyl acetate
copol ymer (HEVA, sold under the trademark Japan 8 by M tsui Corporation)
havi ng 44-52 percent of its vinyl acetate groups hydrolyzed to vinyl

al cohol groups and having a nelt index of 35-37, is added to 2400 m of
t ol ugRsudHduR the koluerie sokition. Aquibppethewatte timé; cotttnseed liihis ddded| togheon a
vari abl e speed stirring notor. The HEVA copol yner is dissolved in the

tol “ﬁ,@%&&mﬂ@%i@g ,a}lgﬁgaﬂit%uifﬂ@ieﬁtot@ﬁ)%gg S f.rrclaﬁ‘tgb? gﬁg#ﬁt %lﬂﬁbﬁ*?f Next,

t he he tenperature 1s allowed op to 58C. At

that tinme, 900 grans of  green phosphor articl Vi aver age (di aneters
i n t hettonsaed o) ?%bléﬁ}%cellm%ﬁ?'glﬂ&}@ﬂ%e SERATEUON A ‘gfo ;(;ngl?e Sﬁ‘&%’f ‘édﬁ&‘gceldotot he
solution of the HEVA copolyner in toluene with vigorous agitation with

. t he43d rpCand fies bosled it plat8d in pmitecbath SPee produked pliztphas theardootddeto
substanti af | y uniformy -25- SUBSTI TUTE SHEET (RULE 26) WD 03/043813

cot  BM0Te 41 PHLY SR sulticichly 87 Bl o BispBtacd Ao Bt I e
to forman 11 percent by weight solution of
suspension.

A solution of 71.4 grams of a toluene diisocyanate adducted with trimethylol
propane in toluene (sold under the trademark Mondur CB-75 by Mobay Chemicals) is
then added to the cooled mixture to cross-link, and thus to harden the HEVA sheath that
.is deposited around the core material as a result of the addition of cottonseed oil. After
the addition of the diisocyanate adduct, the produced mixture is further cooled to about
10°C and then is permitted to warm to ambient temperature while continually being
agitated. Agitation is continued until cross-linking is completed.

Thereafter, the produced microencapsules are recovered by filtration, washed with
toluene and then suspended in 1250 ml of 1,1,2-trichloro-1,2,2- trifluroethane for five to
“ten minutes to contract tﬂe capsule wall or sheath to improve the wall’s resistance to

~ water and to prevent’ aggregation of the microencapsules during filtration and drying.
'i‘he suspension is repeated three more times, and the microncapsules are then filtered off
and washed again with a small amount of 1,1,2-trichloro-1,2,2-triflurocthane. The

capsules are next mixed with a finely divided silica gel (sold under the trademark Syloid

74 by W.R. Grace Co.) to aid in preventing aggregation of the microcapsules. The
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cottonseed oil) to induce liquid-liquid phase separation. At 42C, the
stirrer is reduced to 430 rpm and the beaker is placed in an ice bath.
The produwwedsnudstzire is then cooled to about 22C whil e agctratsezt37246
sufficiently to maintain the dispersed phosphor particles in suspension. A
solution of 71.4 granms of a toluene diisocyanate adducted with trinmethyl ol
propane in toluene (sold under the trademark Mondur CB-75 by Mbay

Chem cals) is then added to the cooled m xture to cross-link, and thus to
harden the HEVA sheath that 1is deposited around the core material as a
resul't of the addition of cottonseed oil. After the addition of the

di i S%,y&%@rm?guletmﬁh%qgﬁﬁ%@drﬂn’\éﬁlgﬁ% 56D microRievef]®fich MM i ng 3 y1oc:

and then is permited to warmto anbient terrperature while con

bei n itated. Aqi ntinue cr.o i i s conpl et ed.
Ther 396atierct v S Bbh S o5 B p iy e B checkiBREisabOt W perdest | on.
washed with toluene and then suspended in 1250 m of
1,1,2-trichloro-1,2,2- trifluroethane for five to ten mnutes to contract
the capsule wall or sheath to inprove the wall's resistance to water and
to prevent aggregation of the m cgpanpgrpsul es during filtration and drying.
The suspensi on is repeated three nore tines, and the m croncapsul es are

then filt dia f

1,1, 2-tri ?:1}1 R;dce %adng SEer (%e %édnbggé%j réggést%(? es gboﬁ ams Qgc}ﬂb‘?t h a
finel: d|V|deds l'hﬁ % SOIrfg) under, t etrad uﬁjélOld 74b W R

G acdh P Oftni‘”di’ VIBEAYEHES a@@@ﬁe’@ Féﬁ“%ﬁ(’{ﬁ@ m*e&msap@boutrﬁ@ 26-
SUBSTI TUTE SHEET (RULE 26) WO 03/043813 PCT/ US02/ 37246

Syl oirdichows. oencapsul e mi xture is passed through a 500 micron sieve and then
t hrough a

Example 3
The process of Example 1 is successfully repeated using 600 grams of yellow
~ phosphor particles having average diameters in the range of about 10 microns to about 40
microns.
Example 4
The process of Example 1 is successfully repeated using the hydrolyzed ethylene-
' ‘vinyl acetate copolymer, but with 44-46 percent of its vinyl acetate groups hydrolyzed to

vinyl alcohol groups.

As will be readily understood by those persons skilled in the art, the present
invention is susceptible of broad utility énd applications. Many embodiments and

~ adaptations of the present invention other than those described-in this application, as well
as many variations and modifications, will be apparent from or reasonably suggested by

N | the present invention and the foregoing description-without departing from the substance
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106 mcron sieve, and then spread out on a tray to dry. The yield is about
80 percent. Exanple 2 The process of Exanple 1 is successfully repeated
usi ng 900wgroaw3sed bl ue phosphor particles having averag@Caieows2ie in the
range of about 10 microns to about 40 m crons. Exanple 3 The process of
Exanple 1 is successfully repeated using 600 grans of yellow phosphor
particles having average dianeters in the range of about 10 mcrons to
about 40 mcrons. Exanple 4 The process of Exanple 1 is successfully
repeated using the hydrolyzed et hyl ene- vinyl acetate copolyner, but with
44-46 percent of its vinyl acetate groups hydrolyzed to vinyl alcohol,

gr oups .scdpe of the peeseat diventiond€hs faregoiby disudemrpds sonhntekddd, addishothke art,

t he présent invention is susceptible of broad utility and -applications.
Many g JiRfiRRRE reft qﬁﬁfmﬁn%ﬁ%%wlm LHRMQ By dhigp those
descrlb |n t s app |cat|o as many varla ions an

modi fi catjons, wll be ap arent fr easonab y suggested by the

pr es SMOqdMERS; @ﬁlaﬁﬁﬂ‘of‘ﬁ’e PRIRRORS ﬂ%f{n F?ﬂqrﬁn tIFGRRNL JEYERUGT PeiRPm t he
substance -27- SUBSTI TUTE SHEET (RULE 26) WO 03/ 043813 PCT/ US02/ 37246 or
scopdimited bmlyfiryetherspisitrarsihtcope of Theantaniogaisndpinied dyothe fellowingaslainiy, ended,
and should not be construed, to limt the present invention or otherw se
to exclude any ot her
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enbodi nents, adaptations, variations and nodifications, the present

I nvention being limted only by the spirit and scope of the invention as
defi ned bwyotobe43sed | ow ng cl ai ns. -2g- SUBSTI TUTE SHEET ( RBCE/UR6)/3 M
03/043813 PCT/ US02/ 37246 CLAIMS What is claimed is: | . A process for

m croencapsul ati ng a substance, wherein the process conprises the steps
of* A, mxing a filmform ng, cross-linkable, hydrolyzed polyner and an
organi ¢, nonpol ar solvent for the polyner, wherein the solvent is not a
s@vent for particles of the substance; . solvent; B. agitating the

m xture to forma solution of the polyner in the C. adding particles of the
substance to the solution under conditions of continuing agitation,
wherein the substance particles are dispersed in the solution; D. inducing
a phase separation of the soluti orCLMIMSin the polyner is separated from
the solution and a filmlike sheath of the polymer is formed and coated on

each puhsisdfiegmédid:i cle; and E. adding a cross-linking agent to the
sol ution under. conditions of continuing agitation, wherein the filmlike
sheath on each substance particle cross-

I. A process for microencapsulating a substance, wherein the process

comprises the steps of:

A.  mixing a film-forming, cross-linkable, hydrolyzed polymer
" and an organic, nonpolar solvent for the polymer, wherein the solvent is not a solvent for

particies of the substance; _

B.  agitating the mixture to form a solution of the polymer in the

.solvent;

C. adding particles of the substance to the solution under
conditions of continuing agitation, wherein the substance particles are dispersed in the

- solution;

D.  inducing a phase separation of the solution, wherein the
- polymer is separated from the solution and a film-like sheath of the polymer is formed

and coated on each substance particle; and

E. 'adding a cross-linking agent to the solution under conditions
. of continuing agitation, wherein the film-like sheath on each substance particle cross-

links and hardens around each substance particle,

whereby the microencapsulated substance particles have improved
impermeability to moisture as compared to substance particles that are microencapsulated

using other film-forming polymers.

2. A process as defined by Claim 1 wherein the substance is a phosphor.
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| i nks and hardens around each substance particle, whereby the

m cr oencapsul at ed substance particles have inproved inperneability to
noi st ur e WO 06OM8aF ed t o substance particles that are m cr @€Emaspysi2as ed
using other filmform ng polyners. 2. A process as defined by Caim!]
wherein the substance is a Phosphor. WD 03/043813 PCT/ US02/ 37246 3. A
process as defined by Claiml wherein the substance is a polyner |ight-
emtting diode. 4. A process as defined by Caim1l wherein the substance is
an organic light- emtting diode. 5. A process as defined by daiml
wherein the filmform ng, cross-linkable, hydrolyzed polyner is a poly
(et hyl ene-3/i nyl Agwetesap defined byrClagsd wherdf theexibbianct a8 mpbiymer bght-t he
organi c, nonpolar solvent is toluene. 7. A process as defined by daiml
wher eimittingdpsidgse separation is induced by addition of cottonseed oil,
corn oil, linseed oil, soybean oil or a m xture of two or nore of these

oils. 8. A procgss a fi I i - | L0k ent is
a dii socy%mat e‘&cﬁmb‘%ﬁs%gsdgg@gﬂ%eaaghWA&%%&Q{SE %%)Q%g?lé ESZ%“ 8% @‘gﬁ%ﬁ

wher ej n:.4- ss-1inking agent is toluene . diisocyanate. 10. A process as
defi néerﬁltgggéf%ﬁn 8 wherein the cross-linking agent is a toluene

di i socyanate-tri met hyol propane adduct. . )
5. A process as defined by Claim 1 wherein the film-forming, cross-linkable,

hydrolyzed polymer is a poly (ethylene-vinyl acetate).

6. A process as defined by Claim 1 wherein the organic, nonpolar solvent is
foluene. '
7. A process as defined by Claim 1 wherein the phase separation is induced by

addition of cottonseed oil, com‘oil, linseed oil, soybean oil or a mixture of two or more of

these oils.

8. A process as defined by Claim 1 wherein the cross-linking agent is a

diisocyanate or polyisocyanate.

9. A process as defined by Claim 8 wherein the cross-linking agent is toluene

_diisocyanate.

10. A process as defined by Claim 8 wherein the cross-linking agent is a

toluene diisocyanate-triméthyol propane adduct.

11. A process as defined by Claim 1 wherein the polymer is hydrolyzed from
about 42 to about 46 percent.
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11. A process as defined by Claim1 wherein the polynmer is hydrolyzed from
about 42 to about 46 percent. WO 03/043813 PCT/US02/ 37246 12. A

m cr oencawouwBaizsd subst ance having "inproved i nperneabi | i PETIUS02/BMit6t ur e,
wherein the m croencapsul at ed substance is produced by a process that
conprises the steps of A mxing a filmformng, cross-I|inkable, hydrolyzed
pol ymer and an organic, nonpolar solvent for the polyner, wherein the
solvent is not a solvent for particles of the substance; B. agitating the
m xture to forma solution of the polynmer in the solvent; C. adding
particles of the substance to the solution under conditions of continuing

agi t at i ongpwhepei RidrhenGPARhRAC SuBStahés | Rfviag © iMbiveds dehpefmbdtilitys Olout i on;
D. inducing a phase separation of the solution, wherein the polymer is
sepanafistdrd, r whetdie thel microencapsulatéd Isobstakee dbeprotduedd thye approoess that f or med
and coated on each substance particle; and E. adding a cross-|inking agent
to tpempoises theFtePs®: conditions of conti nui ng agitation, wherein the
filmlike sheath on each substance particle cross- |links and hardens around

each substance partiicle, repyesthe m.cro icles
have i nproved i me‘#ﬁeabﬂ%& ?oﬁltrnlg?%rghﬁé’ g%@%&?‘eﬁ%@%@@ﬁéﬁg
part gk aa drpAticienpdl & eveRgstihrlgslymes iwliereinhbe sblvert {sidtiawlpatfaer s.

particles of the substance;

B. agitating the mixture to form a solution of the polymer in the

solvent;

C. adding particles of the substance to the solution under
conditions of continuing agitation, wherein the substance particles are dispersed in the

solution;

D.  inducing a phase separation of the solution, wherein the
polymer is separated from the solution and a film-like sheath of the polymer is formed

" and coated on each substance particle; and

E. adding a cross-linking agent to the solution under conditions
of continuing agitation, wherein the film-like sheath on each substance particle cross-

links and hardens around each substance particle,

!
1

whereby the microencapsulated substance particles have improved
* impermeability to moisture as compared to substance particles that are microencapsulated

ﬁsing other film-forming polymers.

13. A microencapsulated substance as defined by Claim 12 wherein the film-

forming, cross-linkable, hydrolyzed polymer is a poly (ethylene-vinyl acetate).

14. A microencapsulated substance as defined by Claim 12 wherein the

organic, nonpolar solvent is toluene.
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13. A mcroencapsul ated substance as defined by Caim12 wherein the film
form ng, cross-linkable, hydrolyzed polyner is a poly (ethyl ene-vinyl

acet at e) .woA3/0488m3 cr oencapsul at ed substance as defi ned by PCraisnr/i24aher ei n
the organic, nonpolar solvent is toluene. WO 03/043813 PCT/ US02/ 37246 15.
A m croencapsul at ed substance as defined by Caim 12 wherein the phase
separation is induced by addition of cottonseed oil, corn oil, linseed oil,
soybean oil or a mxture of two or nore of these oils. 16. A

m croencapsul ated substance as defined by Caim 12 wherein the cross-

| i nki ng agent is a diisocyanate or polyisocyanate. 17. A m croencapsul ated
substance 13s de{ irrﬂ@ﬂ)eﬂﬁegﬁhlﬂtm tebstrre eisnietined byoSkim 1 Dkiingeiagatphase

tol uene diisocyanate. 18. A m croencapsul ated substance _as defined by Caim
16 wheparhtion heintuoed byl additieryofigettnnseed ail; eirnenk limseed oilapeyhean oilen dyol
propane adduct. 19. A mj croencapsul ated substance as defined by Caim 12
Mermmrn@ftwmqrrm?rq&]tﬁﬁ%‘ §zed from about 42 to about 46 percent. 20. A

m croencapsul at ed substance as defined by Caim 120 wherein the substance

iherel TP ¢ £ Dnigfod e RAEARSHLA R ac i oRNIOP Chiintl £ ARGV 048 12

wherein t ance 1's a po ht-em tti ng di ode. 22.
M Cr Qffi§ §$@,ﬁti§g dsigbsyanancorsolssbeyupdtdoy Cl ai m 12 wherein the substance
is an .orggn c light-emtting diode.

17. A microencapsulated substance as defined by Claim 16 wherein the cross-

" linking agent is toluene diisocyanate.

18. A microencapsulated substance as defined by Claim 16 wherein the cross-

linking agent is a toluene diisocyanate-trimethyol propane adduct.

19. A microencapsuléted substance as defined by Claim 12 wherein the

polymer is hydrolyzed from about 42 to about 46 percent.

20. A microencapsulated substance as defined by Claim 120 wherein the

H

. substance is a phosphor.

21. A microencapsulated substance as defined by Claim 12 wherein the

. substance is a polymer light-emitting diode.

22. A microencapsulated substance as defined by Claim 12 wherein the

substance is an organic light-emitting diode.
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WD 03/ 043813 PCT/ US02/ 37246 23. A process for m croencapsul ati ng phosphor
particles, wherein the process conprises the steps of. A mxing a
filmfornwvogs/oesess-1inkabl e, hydrol yzed polymer and an ecgamssoz372monpol ar
solvent for the polymer, wherein the solvent is not a solvent for

particles of the substance; solvent; B. agitating the mxture to forma
solution of the polyner in the C. adding particles of the substance to the
sol ution under conditions of continuing agitation, wherein the substance
particles are dispersed in the solution; D. inducing a phase separation of
the solution, wherein the polyner is separated fromthe solution and a

filmlik h | '
part cl o 2ana. i PR AeH oy O sp RO p ek S Wi ofRER ribiaRe °

condicg)h@qﬁegghé;g@f,gagi ng agitation, wherein the filmlike sheath on each
substance particle cross- |links and hardens around each substance particle,
wher eby the m croencapsul at ed substance particles have inproved

i mperneabi ity to nolstumixing eoftparforning, soesstlinkeblesdrydrelyasd tpdymar e

' | at ed [ th filmf ' | . 24,
ot T B BN eSS o
pol yr{)%;ﬁ(i;lgs 3rREY subshhbyl ene-vinyl acetate).

B. agitating the mixture to form a solution of the polymer in the

solvent;

C. adding particles of the substance to the solution under
conditions of continuing agitation, wherein the substance particles are dispersed in the

solution;

D. inducing a phase separation of the solution, wherein the
polymer is separated from the solution and a film-like sheath of the polymer is formed

and coated on each substance particle; and

E. adding a cross-linking agent to the solution under conditions
of continuing agitation, wherein the film-like sheath on each substance particle cross-

| links and hardens around each substance particle,

whereby the microencapsulated substance particles have improved
impermeability to moisture as compared to substance particles that are microencapsulated

“ using other film-forming polymers.

24. A process as defined by Claim 23 wherein the film-forming, cross-linkable,

hydrolyzed polymer is a poly (ethylene-vinyl acetate).

25. A process as defined by Claim 23 wherein the organic, nonpolar solvent is

toluene.
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25. A process as defined by C aim 23 wherein the organic, nonpol ar sol vent
is toluene. WD 03/043813 PCT/ US02/ 37246 26. . A process as defined by Caim
23 wher eiwotoh®43sinase separation is induced by addition ofcratSowsmeed oil,
corn oil, linseed oil, soybean oil or a mxture of two or nore of these
oils. 27. A process as defined by Caim23 wherein the cross-1inking agent
is a diisocyanate or polyisocyanate. 28. A process as defined by daim27
wherein the cross-linking agent is toluene. diisocyanate. 29. A process as
defined by Caim27 wherein the cross-linking agent is a toluene

di i socyanate-trinethyol propane adduct. 30. A process as defined by Caim
23 wher ei n26he PAoproeess asd by £dainf 23 whesdin uhe pRaseoseplacationds indneeent .

31. A process ag defined by Caiml wherein the steps are _sequential. 32. A
pr ocebB¥ agditinsn Pﬁé@ttBE}se@%a?l eoin, {4 rléﬂsﬁe‘i R, BPYheaR IR PE @ Wiz REIWROPT
parti ﬁ{o?é o?'il?esg%?lfspl in electrolum nescent applications.

27. A process as defined by Claim 23 wherein the cross-linking agent is a

diisocyanate or polyisocyanate.

28. A process as defined by Claim 27 wherein the cross-linking agent is toluene.

" diisocyanate.

29. A process as defined by Claim 27 wherein the cross-liﬁking agent is a

- toluene diisocyanate-trimethyol propane adduct.

30. A process as defined by Claim 23 wherein the polymer is hydrolyzed from
about 42 to about 46 percent.

31. A process as defined by Claim 1 wherein the steps are sequential.

32. A process as defined by Claim 23 wherein the microencapsulated phosphor

particles are useful in electroluminescent applications.
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