1 1 DEC 2006 WO 2004/ 000545 PCTI US2003/ 019267 MJ STURE BARRI ER RESI NS
TECHNI CAL FI ELD The present invention relates to noisture barrier resins.

a nore specific aspect, this invention relates to noisture barrier { ﬁtﬁs
which are formed fromfihn- form ng, cross-linkable, partially hydro § 20
ol ymers. TRy 24 jon also relates to a process for the manufacture of
Phege nnistﬁ?gz%g&??gi resins. The misture Barrier r esi ASTEB2WHPY297nyent i on

can be used in coating conpositions for various encapsul ati on processes,

i ncl udi ng m croencapsul ati on and macroencapsul ati on. These latter two
encapsul ati on processes are generally differentiated by the size of the
particles, substances or other core materials that are being encapsul at ed.
Wth the above disclosure in mnd, this invention will be described with
specific reference to the use of these noisture barrier resins in coating
conpositions for the mcroencapsul ati on of phosphor particles. However,
this invention will be M@S&I&EWNRESIM&O the use of these resins
in coating conmpositions for the encapsulation of other particles (such as
pharmaceuticals, inorganic solvents, inorganic solids, pignments, dyes,
epoxy resins and inorganic salts), for the coating of electronic conponents
(such dBE@HNICAA EiBiddit boards, hybrid circuit boards, high voltage power
supplies, wires and cables), for the coating of nmetal substrates (such as 1

1 DEC 2006 THe pefeht GRvadfonPieldids) f2 M35Q7OBA fief @bt Th N nkAE Spbéficconcrete,

structural steel, autonotive parts and ornanental netals)
aspect, this invention relates to moisture barrier resins which are formed from film-

n
06

forming, cross-linkable, partially hydrolyzed polymers. This invention also relates to

a process for the manufacture of these moisture barrier resins.

The moisture barrier resins of this invention can be used in coating
compositions for various encapsulation processes, including microencapsulation and
macroencapsulation.  These latter two encapsulation processes are generally
differentiated by the size of the particles, substances or other core materials that are

__being encapsulated.

With the above disclosure in mind, this invention will be described with
specific reference to the use of these moisture barrier resins in coating compositions
for the microencapsulation of phosphor particles. However, this invention will be
understood as applicable to the use of these resins in coating compositions for the
encapsulation of other particles (such as pharmaceuticals, inorganic solvents,
inorganic solids, pigments, dyes, epoxy resins and inorganic salts), for the coating of
electronic components (such as printed circuit boards, hybrid circuit boards, high

voltage power supplies, wires and cables), for the coating of metal substrates (such as



and for the coating of glass and film products (such as notion picture
films, glass substrates, prints and slides). BACKGROUND OF THE | NVENTI ON
Encapsul ated particles are known in the prior art. Bayless et al. U'TSI DEC 2006
Patent 3,674,704 (1972) discloses a process for manufacturing mnute

capsul es, erwoaesmposysn a |iquid nmanufacturing vehicle V\A}%ﬁﬁjsgboglgﬁ 6c.,apsul es
contain water or aqueous solutions. This patent discloses a specific

process,_: turi m nut.e. sul e wherei,n the capsul.e mat eri a
i s pol 361%%418@%@%%%9}1&%&%%}“# Rleeh P@H%P&‘r"&%??&&’l& 8mﬁ3‘9?{’§?1r18$175 speci fi ed
degree (é 8-50 percent hydrolyzed). Bayless U S. Patent 4,107,071 (1978)

di scl s8¢ ot theocepiing ak shisyiend fHmt praslycls (suel as mation pictwa filmsnalegs by a
relatively inpernmeable, densified protective wall and al so discloses a

pr oces subdtratesn pfiastandistideuch m crocapsul es. General encapsul ating processes
which utilize a liquid-liquid phase separation to provide a capsule wall

mat eri al which envel ops the capsule core material to be encapsulated are
disclosed in Mller et al. US. Patent 3,155, ,590; Powell et al. U 'S Patent
3,415, 758; and Wagner et al. U S. Patent 3,748,277. Qher prior art
references disclose the encapsul ation of electrolum nescent phosphors; for

exanpl t , 698 (1999). Additionally, the -2 11
DEC 20%6%@3%@53@&%@5%/ 019267 prior art discloses the coating
of lum nescent powders with a coating which conprises silicon dioxide, see
Opitz et al Encersulated padticks arg kpesm1wolky privhicehhBayless €f ol.dd.Safatantéed in a
variety of applications, such as flat panel

3,674,704 (1972) discloses a process for manufacturing minute capsules, en masse, in

a liquid manufacturing vehicle wherein the capsules contain water or aqueous

solutions. This patent discloses a specific process for manufacturing minute capsules

wherein the capsule wall material is poly (ethylene-vinyl acetate) that is hydrolyzed to

a na\rrowly 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

~ T also discloses a process of manufacturing such microcapsules. -

General encapsulating processes which utilize a liquid-liquid phase separation
to provide a capsule wall material which envelops the capsule core material to be
encapsulated are disclosed in Miller et al. U.S. Patent 3,155,590; Powell et al. U.S.

Patent 3,415,758; and Wagner et al. U.S. Patent 3,748,277.

Other prior art references disclose the encapsulation of electroluminescent

phosphors; for example, see Budd U.S. Patent 5,968,698 (1999). Additionally, the



di spl ays and decorations, cathode ray tubes, fluorescent lighting fixtures,
etc. Lum nescence or |ight em ssion by phosphor particles nmay be stinmul at ed
by applications of heat (thernolum nescence), |ight (photoluninesc%nfﬁ%t
hi gh energy radiation (e.g., x-rays or e-beans) or electric fields 2006
(el ectrolum For various reasons, the prior art fails to provide
resin coatigggiﬁggﬁﬁg;the desired property of inpermeabfFTU§20¥¥Hst ure.
Thus, there is a need in the indystry for resin coatings having,

si gni f i Ry disciasesihe cpatingert naynescenmemderswithie QORMERTIERD epmprissy
described, the present invention provides noisture barrier resins which
have arsilicuar diexidd; scedDpitaetcd, U, Phtenafl7d4283@0P8t s of noi sture and which
are able to function over an extended period of time (i.e., extended

rel ease capabilities). The present invention also provides a process for

the manuf aCtPHogfrﬂ?cfr %Qﬁ%ﬁsrﬁéiﬁéd_iﬁh@ vﬁﬁgt‘geogr% ﬁl'ida%ﬂs,aﬂibﬁ”&s?‘%ﬁggﬁelt he

noi sture barri resins of this inventi evi dent when co red to the

resins of the priaqgr arf.. As ed in this applicatio the £ol | ow terns
nave ¢ HOSHIAG e Jernting T eiiSde By 1ftbinn et enis GRuists O

PCT/ US20031019267 "I npernmeability to noisture" - the ability to prevent or
subst anbumiteyceace nbnhdightt pmissionalby phosphios t particles dmajiebebstimulated byhe
adverse effects of noisture. "Inproved" - as conpared to resins disclosed in
t he prigppligafions 6f Wehtl (thernsst@minedcdiicetiesht dphaiolurhipkownct)) g ichbrpye barrier
resins of this invention have other characteristics that are either :

equi val 20fatibl ’(e.%.r, x§1ia919 ioI‘ ie-co%grtnLYm' electric fields (electroluminescence).

For various reasons, the prior art fails to provide resin coatings having the
desired property of impermeability to moisture. Thus, there is a need in the industry

for resin coatings having significantly improved properties.

SUMMARY OF THE INVENTION
Briefly described, the present invention provides moisture barrier resins which
 have an increased resistance to the adverse effects of moisture and which are able to
function over an extended period of time (i.e., extended release capabilities). The

present invention also provides a process for the manufacture of these resins.

The above-described advantages of the moisture barrier resins of this invention

are evident when compared to the resins of the prior art.

As used in this application, the following terms have the indicated definitions:



i nproved over, the corresponding characteristics of the prior art resins.
Accordingly, an object of this invention is to provide noisture barrier
resins. Another object of this invention is to provide noisture bat 1 D&E 2006
resins which are formed fromfilmformng, cross-linkable, partially

hydr ol yzed YO 2004108545 Anot her obj ect of this invention i PGINUPIGEPIWRE noi st ure
barrier resins having inproved inperneability to noisture. Another object

of this invention is tpniiRxhbifityei mbisfige"0athe bbility espitvelitori ng  ext ended

rel ease capabilities. Another object of this invention is to provide

noi sture barrier resi re -usefyl .| l 0 L4 - Qr
encapsul ati on pr ocessé’gr{s{a%ﬁgyﬁgr ng;?tgct#é &tﬂfﬁi?}?h}(ﬁ%&% %ﬁﬁegéﬁtg};%grlgvi de

noi sture barrier resins that are wusefuyl in coating conpositions for

m croencapsul ati on an@erﬁéﬁpﬁéﬁgf&ﬁ@@%mqlwﬁ processes. -4 1 1 DEC 2006 WD
2004/ 000545 PCT/ US2003/ 019267 Still another object of this inventionis to
provide a process for the manufacture of noisture barrier resins. Still
anot her obj ect of t hi Yniproeed"i-cas dospacedotoowsivediaclpsetimsthe fpoior atte manuf act ur e
of noisture barrier resins fromfilmformng, cross-linkable, partially

hydrol yzed polynmers. Still another object of this invention is to provide a
process for Aeilesrubast il Qreadr dathid tHéldw,Pier mBistiire Shdrfieh 2diikd of K OVed
i nperneability to noisture.” Still another object of '‘this invention is to

provi dg, 3. RIACHSTe biler | HErdBRAWHRE 'HAC are either equivalent to, or significantly

improved over, the corresponding characteristics of the prior art resins.
Accordingly, an object of this invention is to provide moisture barrier resins.

Another object of this invention is to provide moisture barrier resins which are

formed from film-forming, cross-linkable, partially hydrolyzed polymers.

Another object of this invention is to provide moisture barrier resins having

improved impermeability to moisture.

~ Another object of this invention is to provide moisture barrier resins having

extended release capabilities.

Another object of this invention is to provide moisture barrier resins that are

useful in coating compositions for encapsulation processes.

Another object of this invention is to provide moisture barrier resins that are
useful in coating compositions for microencapsulation and macroencapsulation

processes.



of noisture barrier resins having extended rel ease capabilities. Still
anot her object of this invention is to provide a process for the manufacture
of noisture barrier resins that are useful in coating conpositions {emEC 7905
encapsul ation processes. Still another object of this inventionis to

provi de a pwecwe#00p#s t he manufacture of noisture barrimrm/vReiniokhat are
useful in coating conpositions for mcroencapsulation and

macr oencapsBtif ahofhePoBfeBESEHis R HonFRHIvIddMNoidoedHior mcmfé G1 Fig.

1 is a chart showi ng the effect of exposure (nmeasured in hours) on the

bri ght . . Ln.foot |anberts) of mcroencapsul ated
el ect r%?uﬁ?ﬁlé]tg%é%}g@&%?gﬂi' 1 DEC 2006 WD 2004/ 000545 PCTI US2003/ 019267

phosphors and on the brightness of el ectrol um nescent phosphors which have
not been mcroencapsul ated .Wth reference.fo Fig. 1, when tested in a

huri di ty caBiiliénothst objes ﬁh&m@nthnalﬁﬁ%p@améea% RIKGS iP5 SBHBREIREEFe have been
m cr oencapsul ated using the noisture barrier resins of this invention
showed of ninyisB81&s tehetera desinso dromHilok formind) Y6rossEnkabder paidinllgnhydrelyzehown by

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

mcr oeg,gggﬁﬁg_at ed using the noisture barrier resins of this invention. In
addi tion, en el ectrol um nescent |ights containing phosphors that have

been m croencapsul ated using the noisture barrier resins of this invention

2ch t Ir gfﬁrr:]d ﬁﬁg %ﬁh&hlei' gg\%‘{;{;gf it i%vgn sotnel%i " ;S>rorvlil emala}érc;c%gshfo% ’thé rr}l%nufacwre

of moisture barrier resins having improved impermeability to moisture.

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

of moisture barrier resins having extended release capabilities.

Still another object of this invention is to provide a process for the manufacture
of moisture barrier resins that are useful in coating compositions for encapsulation

processes.

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

of moisture barrier resins that are useful in coating compositions for

microencapsulation and macroencapsulation processes.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG.1
Fig. 1 is a chart showing the effect of exposure (measured in hours) on the

brightness (measured in foot lamberts) of microencapsulated electroluminescent



produced no halos or glare and could be seen alnost 3 tines farther away

than the incandescent |ighting. This sane result was observed under artic
conditions. FIG 2 Fig. 2 is a graphical representation of the rel atjREC )06
bet ween capsule quality and percent hydrolysis as applied to a partially

hydr ol yzed wobkgo4pesssy| ene-vi nyl acetate). For reasons Rot/usmioso®be
under stood, the change in quality with change of percent hydrolysis is

qui te phedphoRcRd dthe teRS b eledolBmiMyeabatt yhoSpldrs \Waséh hiddmorbest 38

percent, the separated phase prepared according to established liquid-liquid

phase I echni ques is not adequately viscous to form useful
capsul éﬁ\;\sﬁgﬁ[‘%%@ﬁt&ht he walls which are fornmed are sticky and generally

unmanageabl e in attenpts to isolate the capsul es. Capsul es nade using
materials hgying |less thanp 38 percent hydrolysis -6 1 1 D EC 2006 WO
2004/ 000545 NHETTeCRIEB0% 10 Topcls WAt eatedaRde pipidigy seRineivior o Q0Y By t he

m cr oencapsul ati on process, because a lack of vinyl alcohol groups prevents
adequafanps caainingk phgsphoro skathyehe obeeh micro@scaphtlatey dusihy shes nodistgreeat er t han
about 55 percent, the separated phase is too viscous and exists as a

sem - S@hirflr r8lihé Q)@‘ythidoﬁ%%ﬁbﬁ %HéWQJP%%% 3198 debaRgtod " Qflch’ 8O 1§9s " no- good"

is abrupt and appears to be conplete thin a”few pércent. At 'hydrolysis

bet ween 38.and 43 percent uality ca | es can be prepared wt t he

qual s ¢ opagRtt hin 38058 by rReRoloimfersaRdrBs EMaptnd oRBPoR ek Brves  and 53
percent hydrolysis, the capsule quality is excellent for this invention,
and th@Ot:éqmunEsoemr:@qméﬂftcd usihg itheymeisture Hartfrisr restus &ff thisngvetioaphor s, pol ar

| i qui ds and ot her substances for extended periods of tine.

In addition, when electroluminescent lights containing phosphors that have
been microencapsulated using the moisture barrier resins of this invention and
incandescent lighting were tested as runway lights, the electroluminescent lights
produced no halos or glare and could be seen almost 3 times farther away than the

incandescent 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 a partially hydrolyzed poly (ethylene-vinyl acetate).
For reasons not entirely understood, the change in quality with change of percent
hydrolysis is quite pronounced and remarkable. At a 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 are formed are sticky and generally unmanageable in attempts to isolate

the capsules. Capsules made using materials having less than 38 percent hydrolysis



From hydrol ysis of 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 manufactured. As represented in Fig. 2, at a hydrol ysﬂégﬁ‘ﬁﬁdﬁﬁﬂﬁ
about 44 to about 46 percent, the capsule quality is at a maxi mumfor the
present invef? PWH 0 exact capsule quality values for PERUS20pHHYT of
hydr ol ysis has not been specifically determ ned but, as represented in Fig
2, is shayaifierieaty yo agglomeente dusing thednivrgesicapsnbition frbcess) bavgese a BEKAI LED
DESCRI PTI ON OF THE | NVENTI ON The present invention relates to noisture

bar ri er tf@%} i ' hdtEtrok @ik g actdse Bgatd Fgﬂ:’u . partially
hydr ol yoze 6%?“;?%@12’# d e)reggssﬁle{ln ?F\ré) aglent.%a-c7 S1 ? DE}% oogs WO
2004/ 000545 PCT/ US2003/ 019267 The particles, substances or other core

materi al s that, are. encapsul ate usin h i sture barri.er, resi accordi ng
to this inv tb%(#o]’ﬁ%ﬁeofr%?ag eg]ani ?Sﬁ?él?r?@ag?rlglg?ty %s%ﬁg{e&rpﬂhagg 1§3§8ar ed to
particles, substances or other core materials that are encapsul ated with

ot her fVisaeus ingi exisisodsy sesesnisadigdy ghtingy: dredipitoysr peasear tThe ghasgatfeamabove,
this invention will be described in detail with specific reference to

phosphotgopdt fol "gloggoodb 4s abript AR sppen® tbde rcbmlplat@ajimn pffew pefeehnivent i on can
al so be effectively used to encapsul ate and/ or coat other particles,

substances and core materials. The phosphors whi ch have been

m cr oencaps %r,ggo | I.Sit r &£l i SB&N

i nvention ccy)ir%p i selygl'S ?gﬁébﬁaﬁ%@agﬁggﬁg’ddﬂﬂ%éﬁﬁgggﬁg{l bEES?eP% h
the quality improving as 43 percent hydrolysis is approached.

Between 43 and 53 percent hydrolysis, the capsule quality is excellent for this
invention, and the capsules are particularly suited for containing phosphors, polar

liquids and other substances for extended periods of time.

From hydrolysis of 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 a 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.

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to moisture barrier resins which comprise a film-

forming, cross-linkable, partially hydrolyzed polymer and a cross-linking agent.

-7-



typically in particulate form and a filmlike sheath surroundi ng and
enclosing the core. The sheath conprises a partially hydrol yzed,
cross-linked polynmer (this invention) that is sufficiently inper me afI0E L2806

noi sture (especi allg?/ water) to protect the phosphor fromthe deteriorating
effects of WU o noisture, but the cross- |inked pETHYR2PO3{089267
sufficiently perm ssive to the transm ssion of illumnating energy to

activate the phodphmarticdes; substangescesnether eere. matrisls thatears ericepvB#edpsul at es
are especially adapted for use in |um nescent applications. In general, the

phosphajsinparthé Cindsstdiee batrked ravish acberdifipl 36 Utts Dialventin resenifprovedi s
invention and a liquid vehicle that is a solvent for the resin but not for

the p ticl The_m red i I d i ssol.veaithe sinin
the 1| dRangeritab: 6 b ecrCsahitafd Jo SRBkET shoteRT &2 BBt "t e
solution. A coacervation process. is carried out to induce phase separation
of the B#rtigisdhat aresepcapstlatednwith cofhor filavformiag pdymers gording do

2004/ 000545 PCT/ US2003/ 019267 liquid vehicle and to coat filmlike sheaths
of the priggiant. on t he phosphor particles. The polyner sheaths surrounding the
phosphor particles cross-link to harden the resin and render the resin
sheaths sufficiently inperneable, thereby protecting the phosphor particles

from the deterionatdngdehbes thisGhvatRRSWIEDE ge@'b%a ¥ Getal N@ith \‘%ggﬂﬁc

encapsul at ed phosppor particles are recovere rom sol uti on, ed and
dried. Upon recovery, of the phosphor capsules.fromth rocess, preferably
t he res’ieﬁere%c‘r‘?etgt ?Sﬁl?%r E?)rﬂf’]ﬁg’?@% txﬂmgt%ﬁed TYEh AT ﬂg&ﬁ%&%‘f‘aﬂﬁﬂntcﬁnc ause t he
resin sheaths to coat the phosphor particles to enhance the
wat er - | Fpeberepotivelyyused tpw@cmsy{)ame ait ¢nat other prdiclesdsuhstangenandepre
hydr ocarbons are 1,1,2-trichloro-1,2,2-trifluoroethane and

materials.

The phosphors which have been microencapsulated using the moisture barrier
resins of the present invention comprise a core material formed of a phosphor,
typically in particulate form, and a film-like sheath surrounding and enclosing the
core. The sheath comprises a partially hydrolyzed, cross-linked polymer (this

invention) that is sufficiently impermeable to moisture (especially water) to protect

the phosphor from the deteriorating effects of 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, these microencapsulates are
especially adapted for use in luminescent applications.

In general, the phosphor pa:rticles are mixed with the moisture barrier resin of
this invention and a liquid vehicle that is a solvent for the resin but not for the
phosphor particles. The mixture is agitated to dissolve the resin 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 resin from the

-8-



di bronot etraf | uor oet hane. The Fil m Form ng, Cross-Linkable, Partially

Hydr ol yzed Pol yner The pol yner should be substantially dielectric,
preferably with a dielectric constant |ess than about 2.2, preferaBlyBEC006
the range o %E(ﬁm@? ut 1.8 to about 2.2. Various. polyners m

be-utili zed- g Phe protective filmlike sheath of tREI/US2003/019267

m croencapsul ates. For certain applications, the polynmer should be

pyr ol yligbldeveliitle apd ity meati flme ke sheathgeof] thersesin pathecplrospbonpartities.nfieor ni ng
polymeric material that wets the phosphor core material. The capsul e wall

mat er i polypidsheaBs yurréundifg tHeapHogpRotdsaetioléecroplivk (@ hhdeanBe vdsity indrcet at e)
cont ai %i n}gﬂabout 60 to adglggut 6?8 1rjml percent ethylene, in which sonme of the

or ovi o8008k s S RBeBEF S BilporherbBL Bl prb Rl gRpBlfol

hydrol ysis_for_ the_pol ydz&g_t hyl ene-yvi nyl acetate) can be within the

rel at i weftigles. grom 1theEC detryoratyys 2fteetsoofsaposere/ isomostereo b HEYRY range of
about 38 to about 55 percent, preferably within the range of about 44 to
about 4f6cgsulaekl phosphusy, parficleparetrecdvieyednyomablutiod, wagieidynrdried! et hyl ene and
vinyl acetate contain ethylene groups, vinyl acetate groups and vinyl

al cohol gro la: z=-- CH2

o COno!_ 1 OWfon o6 b ARPRSEDNy Sty o 18 ABBRS BRI Be reir

\\Il\?ﬁ;Fl "Shédthd ar%ngonztacrtg "With & Hlafgo,gjenfatreg(ﬁ}}dgoncsarbogn teot cb%lsg e rgslirrll ysilegt{]sc %1 ol and
coat the phosphor particles to enhance the water-impermeability of the resin sheaths.

Preferred halogenated hydrocarbons are 1,1,2-trichloro-1,2,2-trifluoroethane and

dibromotetrafluoroethane.

The Film-FOrnﬁné, Cross-Linkable, Partially 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. For certain applications, the polymer should be pyrolyzable.

The polymeric capsule wall material can be any film-forming polymeric
material that wets the phosphor_ core material. The capsule wall material prqferably is
partially hydrolyzed poly (ethylene-vinyl acetate) containing about 60 to about 88
mol percent ethylene, in which some of the vinyl acetate groupé are hydrolyzed to
form vinyl alcohol groups that provide reaction sites for subsequent cross-linking. The

degree of hydrolysis for the poly (ethylene-vinyl acetate) can be within the relatively



acetate, respectively. Wth respect to the degree of hydrol ysis, the nol
ratio of vinyl alcohol groups to the sum of vinyl alcohol groups and yi Ell
acetate groups is about 0.15 to about 0.7. The anobunt of ethylene gr%m 006
present is al so irT(Portant and can be about 60 to about 88 npl percent.

Stat ed anot NE? 2W80%5¢the nol ratio of ethylene groups toPtHESWEHBH et hyl ene
groups,_ vinyl alcohol groups and vinyl acetate groups preferale i s about
0.6 to bigadranzesd ab torabjoxt ﬁ§/pﬁ§¢ﬁnbpgﬂz”@r@blﬁdv$h ajanesehabayl 44teet at e)
suitable for practicing the present invention has a nol ecul ar wei ght of
about 58bdd0@6 pecteat.nelt i ndex (using a 2160 gramforce at 190C, for 10

m nutes) of about 5 to about 70, preferably a nelt index of about 35 to

about 45. T Cﬂéh?a{ ' % hidheal
except that h?}?dE?Lhé% no élguiiagbf\%?%ﬁ%ﬁ@@g %)% hi Jﬂéné;ﬁ{ed %‘?{/%tat%ﬁ% e
relative insolubl.e jn the liquid,vehic]e, that optiqgnal forns maj or
bor £ 1 onetiileph 8ToRs Oy Gl Abatalt et A0 EBL AlcCho B trandean bF ol he
polymer is too | ow, phase separation nmay be difficult to induce during -
m cr oenbpfwgeatiabfiorn®ser suitable polynmeric wall materials are the
poly(vinyl-formal) polyners, poly (vinyl-butyral) -10 1 1 DEC 2906 WD
20041000545 PCT1US2008i0deRe .l -pol yoer,eH,alkyl at gdyegil ulose _(e.g., ethyl
cellul ose), acylated cellulose (e.g., cellulose acetate butyrate) and |ike
materials. The preferr pol ymer of this inventi Efbéf?fﬁo' y (ethyl ene-vinyl
acetate) having a nel ndex of about 35 to abo nd havi ng about 44 to
about 46 percent of the vinyl acetate §roups hydrolyzéd to vinyl al cohol

groups. This polynmer has an ethylene content of about 70 percent, a vinyl
al cohol contwherenrf x,apand z 1epreserd maoltfractions of ethylene, vinyl alcohol and vinyl

acetate, respectively. With respect to the degree of hydrolysis, the mol ratio of vinyl
alcohol groups to the sum of vinyl alcohol groups and vinyl acetate groups is about
0.15 to about 0.7, The amount of ethylene groups present is also important and can 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
preferably is 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 polymer is not overly
critical, except that if the molecular weight is too high, the polymer will be relatively
insoluble in the liquid vehicle that optionally forms a major portion of the
microencapsulation system. If the molecular weight of the polymer is too low, phase

separation may be difficult to induce during microencapsulation. Other suitable

polymeric wall materials are the poly(vinyl-formal) polymers, poly (vinyl-butyral)

-10-



percent (nost preferably about 12.5 to about 13 percent) and a vi nyI acetate
content of about 16 to about 20 percent (nost preferably about 17 3rﬁltozﬂ®
18 percent). In the (ethylene-vinyl acetate) polynmer of this inventi

next index will be too high or too lowif the ethylene content is too high
or too |ow, %@B‘t‘%"t"?"\?el y. I'n addition, these pol yrrers bRCYHROP34g9267

hydr oscopj vi.nyl al cohol conte Furt her, the pol yner
propertP@g’UGFé %teiifcellﬁlé)sﬁfn(‘ﬁg{: eidC f@%@n%‘éﬁ%te gﬁ‘élGS?li("gE celiplgsest o

Sol vent While not essential to this invention, the noisture barrier resins
may opt acetatelbptyrbte) and ke enterizdsed ni xture. In general, the desired

t hi ckness of the coating will determ ne whether a solvent is beneficial,

with the th'gH@Possﬁdﬂalﬁrﬁidﬂ%@’iﬁ%ﬁ%ﬂ is% 19%&1%%%80'3%{%&& €) evidgHr € of

the resin an ng agent. Pref era ent used |s an

organic 0 strat e sci bl e L.i,guids
ohen camRab ik A0ahss o ARpE s and Bibd aboif At o A rcanl of HE o o
solvents for the polynerlc wal |l material and include the liquid aromatic
hydr ocavbuhsacstatth gaeunsohyéiedyzedytoe vyl badeohoh egroups. or Bhisnpelgimenrus athe | ke;
and the |iquid hal ogenated hydrocarbons such as trichloroethylene, -11 T i

DEC 2006thyY¥ae20atn0 00 aButPOl Héfce) 3 /vid AfcohbEtGrert ¢fF skub ) Dap @bogar4on

tetrachl oride, nethyl chloride and the | i ke. Also suitable are solvents

but ano PGt RO PRgeref e 123 W abbur tﬁ%}é%ﬁf%nr%{ﬂyz i A

detail ed, description of phosphor partij c es whi can_be m croencapsul at ed
about 16 to about 20 percent (most preferably about 17 to about 18 percent).

In the (ethylene-vinyl acetate) polymer of this invention, the next index will be
too high or too low if the ethylene content is too high or too low, respectively. In
addition, these polymers become too hydroscopic if the vinyl alcohol content is too

high. Further, the polymer properties decrease if the vinyl acetate content is too high.

Use of a Solvent

_______While not essential FQ,@S,,,i,I}YElltiQn,,!h@,moistu;e barrier resins may optionally
be a solvent-based mixture. In general, the desired thickness of the coating will
determine whether a solvent is beneficial, with the thinner coatings being prepared
from a solvent-based mixture of the resin and cross-linking agent. Preferably, the
solvent used is an organic nonpolar solvent.

Typical illustrative water-immiscible liquids which can serve as liquid vehicles
for the moisture barrier resins 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,
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(i.e., coated) wth the noisture barrier resins of this invention is found
in applicant's pending U S. Patent Application Serial No. 09/989, 359, filed
Noverber 20, 2001 and entitled "M croencapsul ated Particles and Pr 3Cﬁqu§E for
Manuf act uri ng Same", which disclosure is incorporated into the pregée 2006
applicati ony, jﬂio?/ @?‘E{di ng Serial No. 09/989, 359 also discloses a process
for m croenca(gsu MPRg phosphor particles, including phRSEUSEPMNEIET on of
the solution, and that disclosure is also incorporated into the present

appl i cdetrachlomeethytene; o&iboy totrachherid, muetoyl ndbherideCnnd thel likk ablse, suitablei al | y
Hydrol yzed Polynmer Suitable cross-linking agents useful for hardening the

M Cr 0Ca4¥8 WoBenfC Sitthdad @ycloRex4n81, Phe&ST isobitie Ketde, i1HasHIE2IgyerofidbiOCcy anat es
or polyisocyanates, e.g., toluene diisocyanate, with or without a catal yst

pr esent anticul arly preferred is a toluene diisocyanate-trinethylol
pr opanebua'{%&d@{‘fgﬂ%f?&%qyl y dissolved in an aliquot of the liquid vehicle. Al so

suitable as cross-linking agents are the diacid halides such as nal onyl
chl oride, oxalyl chloride, sulfonyl chloride, thionyl chloride and the |ike;
and difunctional hydrides. Another grouping of suitable cross-1inking

agent s The Shbstahé@Peticleslth Be MibEfend@pulaté® 20041000545 PCTUUS20031019267 by
the al kali al koxi des such as the sodium potassium lithiumand cesium

chen car - na VSRS SF RN E itn BR fShridBaiey:

chemi cal ening o and erepy  provi e protective
capsule wal |, the cross-1inking or hardeping, agent can be . dissolved in an
al i quot(i6f conted) e '@emwev%barfﬂeaﬁe%%fap Beryventeon 1s Hupdnn appdcantien

pending U.S. Patent Application Serial No. 09/989,359, filed November 20, 2001 and
entitled "Microencapsulated Particles and Process for Manufacturing Same", which
disclosure is incorporated into the present application. This pending Serial No.
09/989,359 also discloses a process for microencapsulating phosphor particles,
including phase separation of the solution, and that disclosure is also incorporated into

the present application.‘

R :_Cr.oss,-Linkingof,the,,Eilm-.Fnr,ming, Cross-Linkable, Partially Hydrolyzed
Polymer

Suitable cross-linking agents useful for hardening the microcapsﬁles 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
diisocyanate-trimethylol 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 chloride, thionyl chioride and the like; and

difunctional hydrides. Another grouping of suitable cross-linking agents is illustrated
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added to the suspension of sheathed capsul e cores. Cross-linking can then be
carried out at a tenperature of about OC to about 50C for a tine period of
about 5 mnutes to about 20 hours, depending on the cross-1linking ROBRL 2006
that is used. Wien using the diacid halides, the cross-linking tinme peri (gd
can be abowo3loke@o@gpout 15 m nutes and, when using thepgipigapyadsdes, this
time period can be about 5 to about 15 hours, depending on reaction

condi ty o e t I ss-1inked
by exine g el R ARAERAT o, ARl el PE AR oS
accelerated el ectrons, X-rays, gamma rays, alpha particles, neutrons and
the | ifﬁgﬂ} l‘gférHJES’QBHq%??néﬁheclﬂ@-prot ective wall of the mcroencapsules is
dependent to a considerable extent on the degree of cross-linking that has
been ef f ectliedeffenidhe adesived cheinidal hatdeninigeofpthet formiedesheafll aad thesbyed for a
gi ven end use by controlling the degree of cross-linking. For the
filmf ) sl , I fHad i I of., kS
inventq}gﬂi}w? gcﬂ;rgﬁ%gk’%% g%]lﬂ gnvg?m jE-:Hre ogﬂgﬁ P%ﬁg&ég&#ﬂﬁﬁgﬁﬁtéaﬁ géZ t o about
1:1, r ef er.abl bout 1.0.3.to,ahout 1:1. .| have discovered that as this
ratio E)qﬁiv Qc‘ﬂe%‘ gliq‘ft nghtge ﬁ’&ué‘{ M&B&anrrqnﬁheﬁr%ﬁ@a?‘:l’zﬁss@Wﬂ%iMe B increase
but at a slower rate, and the flexibility of the polyner tends to decrease.
-13 | addpE® #e0BispeBi@0 01 sgtissscapaie Usps0 Srassdtingaps thensbeofartiad i ous si zes
can be manufactured using the noisture barrier resin of the present

i nventd Rt a fheritBELOSibRS 0 Sduepe’d fR M thAe PYESRELBHIABBARR o about 1
mcron or |less to about several thousand m crons and nore. The usual size

for t haﬁ)out 20 hours, depending on the cross-linking agent that is used. When using the

diacid halides, the cross-linking time period can be about 5 to about 15 minutes and,
when using the diisocyanates, this time period 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 sheafh 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 microencapsules 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.

For the film-forming, cross-linkable, partially hydrolyzed polymers of this
invention, the ratio of polymer: cross-linking agent is about' 1:0.2 to about 1:1,
preferably about 1:0.3 to about 1:1. I have discovered that as this ratio approaches
1:1, the moisture barrier properties continue to increase but at a slower rate, and the

flexibility of the polymer tends to decrease.
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produced capsules is about 1 mcron to about 15,000 mcrons in average

di aneter, and preferably is in the range of about 5 mcrons to abotj% E 500
mcrons in average dianeter. Simlarly, the capsul es can be manufa g QQUOBO
contain var%ngmgprmunts of core material that can constitute up to about 99
percent or WO/ 0¥he total weight of each encapsul e. BSTA{S200381%67 t he core
material constitutes about 50 to about 97 percent of the total weight of
each encapsGepsulesoof] Yaripsissiges cam be praswiassurgd usimgsthe meipureobatrigr &6iut i on of a
liquid vehicle such as toluene and a filmform ng polyneric materi al

conpr i of tig pragdnit idveyitiby card theecizestchy legtead \Frony bn aoeiagt diaenel ofabout HEVA) ,

havi ng from about 38 percent to about 55 percent, and preferably from about

44 perg i cr(’gf 8@%%‘6 ABoRCES AR thd%xfsaﬁci‘gmié’xjoﬂél and GE4:3! ¢ e JsTAlls eh%g;tlﬂé yzed to

formvin roups, I's prepared at an elevatée I ssolut
t enper at u({e ich is suitably above about 70C, and preferably from about 75C
ug £13,0p

Dl'y
to ab®t eapsites 15 abent demiczen ta ¢ &pcrong dy average dpigter; #d phosphor

core mterial. Preferably, the solution is allowed to cool to a dispersion
t enper prafemmbhf is abdhd r&04e oD abbutuf rfifetdns( Bhebmuo2,56¢ micegnscanaberagone at
roomtenperature or can be accelerated with cold air, ice, etc.) Phosphor

bar t ClgptndiapyiSTiialy AR AGSIE! AFPEEanhfichiled I B0RA vAYR aods BPOUL 50

m crons are then e HEVA-tgPuene sol ution VI gorous agitation
o el B End S B30 8 S Bbe  ABe 110s
Next, liquid-liquid phase separation of the HEVA copol yner fromthe toluene
sp: ut ;c:gc endapsite.clrefsrablydtheccane platerial sepstitates aboutntltoeahous 82 ipecgent ot t onseed
o of the total weight of each encapsule.
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 (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 form vinyl alcohol groups, is prepared at an elevated dissolution
___temperature which is suitably above about 70°C, and preferably from about 75°C to
about 100°C. The produced solution is then ready to receive the phosphor core
material. Preferably, the solution is allowed to cool to a dispersion temperature of
about 30°C to about 65°C. (The cooling step can be done at room temperature or can
be accelerated with cold air, ice, etc.) 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 to disperse the phosphor particles as core material

entities throughout the HEV A-toluene solution.
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then cooling the resulting mxture to a phase-separation tenperature in the
range from about 15C to about 50C, preferably from about 20C to about 30C,
while continuing the agitation to maintain the dispersed phosphor HamtCqglmss
(The cooling step can be done at roomtenperature or can be accel erated
with col d amo2004¢m®ps48t c. ). However, the phase separati aCT/ostoc®izean al so
be added earlier, before the phosphor cores. Wen phase separation is

i nduced wi t INext} hquigylkjupdnphideasepaatiof of theHENZ/ Bop6ipaiey fim tliwtohiena!
separates out as another discontinuous phase (i.e., a third phase) that

pref er et ¥ i t ?Pa?atﬁ{éqn ‘ ek e wal l.
This thi rd%np%z;igg&ci%g @E?%{ngﬁt}gﬂ%&gé ncen ra?géch’z%‘%alts#on opgégeglc(ﬁgéﬂ?he

pol ynerjc material, i§.nbre  Vvisco t han the continuous phase din

b 11 dhen Folie Beirerulsing miyiurs §ra BhaseaEPaTytion (oPRRTRIEEs 7 (O SUEe E0FR al | y
continuous sheath around the discrete phos&%or cores odespi te the shearing
for ces dbeut U6t torabouhs01 preferablufromeabout20nki totadiont 301€% evhdletdontiegingn

di spersion. Next, a solution of a cross-linking agent, such as tol uene

di i socy@pabfatidtd mAHAUS HRAdMpérSed bhohBY patidsOPBREcddlinkOltéls Ben bbS added

to the coolled adm xture to cross-link the HEVA sheath which s deposited

around e phosphor cores as_a,result f the dition. o he

Phase. i APOR PRuBRRAE 25el ok SR bmt Wit Bof ShicE RO Hersr 60, ¢ he
produced m xture is further cooled to a tenperature in the range_ of about

0C to aNwee sgmentipyindgcemenn gee he eddefl exsligmbefare therbhesphor eptsar Whene whi | e
being continuously agitated. Agitation is continuous until cross-linking is

conpl etysithse sEpeentiad i€induché witia ubedystenl den oafisforamaHEV Lqopelyetkr Washed
and dried. - 1 1 DEC 2006 WD 20041000545 PCT/ US2003/ 019267

material separates out as another discontinuous phase (i.e.,, a third phase) that

preferentially wets the 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-link 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 bermitted to warm to ambient temperature while béing

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

Thereafter, the produced microencapsules are recovered, washed and dried.
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Then, if desired, the mcrocapsules are contacted with a hal ogenat ed

hydr ocar bon, such as by suspending the m crocapsules in 1,
1,2-trichloro-1,2,2 - trifluroethane, This wash contracts the sheat'h1 BECMM
of the m croencapsul e and prevents aggregati on of the m croencapsul es.

Final ly, thWOHUO8BATapsul es are dried and preferably FCEASAY3IYRY a silica
gel in the formof mcron-size particles to prevent aggregation of the

mi cr oencaps A g8, Hhdeprelsethe iMiGEIEPBHCS re yFeHagtied | t @aﬁ@@&??aﬁeﬂe

followi ng exanples that are illustrative of certain enbodi nents designed to
t each tliyssecarbomr slichaas/ byksuspending the anicrodapsulés ipriact,2drchlbics12t®/ent i on and
to represent the best node contenplated for carrying out this invention.

Exanpl erifluRhethahed "BIS J@shacd}ﬁtraasa{ﬂeyﬂ{e&iﬁf f wear o?%ﬁ%;ﬁﬁ?ééiglﬂyé&@%ﬁﬁat e

copolymer (HEVA, sold under the tradenmark Japan rporation)
havi ng 44-5 ercent of .ts.vinyl acetat.e groups .hydrolyzed to vinyl

B ool PISTS BB R, b i TicrhERqan g, 157 g8 snickieh bl ase sbied i 1 o
toluene in a 4 liter beaker equipped with a 4-inch turbine inpeller on a
var i abl andsprefagiatdy itreatedgwith acilicaTged imtheformpef miveen-sige paitécled toepteventt he

tol uene by heating the solution to 85C and stirring for 15 m nutes. Next,

t he headggrégatioioy @it madtberidapsilerperature is allowed to drop to 58C. At that
tinme, 9(? grans of green phosphor particles, having average dianeters in the

range of abgut B S, L t. ] . t | ution of
the HEVA copoO B/%g?ﬂﬂln{;%‘glﬁﬂelgg&&mﬁ Hlléiaﬁ%ér(gégq@%@gﬁ@g%\%\n%?e{sh@%s%?r rer
I ncreased to 480 rpmto _disperse the phosphor particles substantially
uni f or iSRG RfsERIR erbedimeaticdesigneditp deach Ahossinfardingsy slaHdnttherart
cottonseed oil is added to the toluene solution (in an

how to practice this invention and to represent the best mode contemplated for

carrying out this invention.

Example 1
Sixty grams of a partially 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 throughout the toluene

solution. At about the same time, cottonseed oil is added to the toluene solution (in an
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-16 1 1 DEC 2006 WO 2004/ 000545 PCT/ US2003/ 019267 anount sufficient to form
an 11 percent by weight solution of cottonseed oil) to induce quqLd-téguid
phase separation. At 42C, the stirrer is reduced to 430 rpm and t b0Be e
is placed in an ice bath. The produced m xture is then cooled to about 22C
whil e agi t aVOF'YP45Hi ently to maintain the di spersed pH&IPR3IO3BLERE% cles in
suspensi on. A l.ution _of 71.4 grans of a toluene diisocyanate adducted with
tri met HRQmt giteto forpyanehl PeLsnt dynweight selufipn pHonse O CB- 75N by
Mobay Chemicals) is then added to the cooled m xture to cross-link and thus
har den inthece Ipidlignihplast separtionehn42iCe dhastimerds treducedrte 438trpri,andas a
result of the addition of cottonseed oil. After the addition of the

di i socyfpabxeaddGted i RE BIHE THhe Profdueed nlisturd wth&%o%gla:tg%a& Bheut 10C

and then is permitted to warmto arnblent tenperature continually

bei ng agi t at ed. iLation is continued until. cross-li.nking is conpleted.
The v ottiesied SiohBienlt e beftahhe Apeltd enbBas et Fles J rieniBihed wi i n
tol uene and then suspended in 1250 m of

1, 1, 2- t ri chlfvsolution of -71t4 igfams ofatalvené diisddyarate taddnetad nwithy tmethylad ont r act
the capsule wall to inprove the wall's resistance to water and to prevent
aggr egairopiheOfin t fofucieC (ed Camiss| e drademarkl IMdshidup NCRITSNT BYnMob-E?e
suspension is repeated three nore tines, and the m croncapsules are then

filter ff n S aj it snal | t .of

11 o rehdnealsf R AAASRERARINE MR SR RO and. thus pardsreini h o

finely divided silica gel (sold under the trademark Syloid 74 by WR G ace

Co.) toHEVe sheatl thabis depgstierdproyad ithe core maferiph asy »resplnfdhe additien of

Syl oi d/ mi croencapsul e m xture is passed through a 500 m cron sieve and then
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. -
The produced microencapsules are then 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 the capsule wall to improve the wall’s resistance to water
and to prevent aggregation of the microencapsules during filtration and drying. The
suspenslion 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-trifluroethane. 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 Syloid/microencapsule mixture is passed through a 500 micron sieve and then

through a 106 micron sieve, and then spread out on a tray to dry. The yield is about 80

percent.
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through a 106 mcron sieve, and then spread out on a tray to dry. The yield
is about 80 percent. -17 1 1 DEC 2006 WD 2004/ 000545 PCT/ USZOO?,/Ol’gngZ
Exanpl e 2 The process of Exanple 1 is successfully repeated using do Y
of blue phosphor particles having average dianeters in_the range of about
10 mi crons ‘{"829;{‘6’(99!%45 40 nicrons. Exanple 3 The process SFT@%{}WH’@Z‘E is
successfully repeated using 600 gﬁam; ff yel |l ow phosphor particles having
average diameters in the range of EXM98€20 nicrons to about 40 microns.
Exanpl e 4 The process of Exanple 1 is successfully repeated using the
hydr ol yzed Teergmesss-afi Byampleel a3 sugrspsfnldy repsatednpsing A004grapsr efeblucof its
vinyl acetate groups hydrolyzed to vinyl alcohol groups. Exanple 5 The
par ti alphosplystrpatticiechavihy at@ufy danetets iytheaagieadfabolit dONMH¥AR kG abouti N a
m xture with toluene and a cross-linking agent, is applied to a surface
(V\Atho%o@ﬂ:.o#pt ernal phase) and allowed to cure. The resulting protective
cross-lin egl I'l'm maintains the noisture barrier properties of the
above-nmenti oned m croencapsul ated phosphor particles that have an internal
phase. This protective cross-linked filmcan be applied to various size
substrates that neet the basic requirenents of the

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 polymer, but with 44-46 percent of its vinyl acetate groups

hydrolyzed to vinyl alcohol groups.

Example 5
The partially hydrolyzed poly (ethylene-vinyl acetate) from Example 4, in a
mixture with toluene and a cross-linking agent, is applied to a surface (without an
internal phase) and allowed to cure. The resulting protective cross-linked film
maintains the moisture barrier properties of the above-mentioned microencapsulated
phosphor particles that have an internal phase. This protective cross-linked film can
be applied to various size substrates that meet the basic requirements of the

encapsulation process.
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encapsul ation process. -18 1 1 DEC 2006 WD 2004/000545 PCT/ US2003/ 019267
The cross-linked, partially hydrolyzed poly (ethyl ene-vinyl acetat el) m Eﬁe
pai nted or overcoated with various coating materials, such as paint g. 0

i nvention has been described in detail with particular reference to certain
enbodi ment YO BHOWES ati ons and nodifications can be nmaBelHFPAYIP%departing
from the s%irit and scope of the invention as defined by the fol]ow ng
clains. -19Tke qees-hoksl, rarkalls byelyzed poly; trélylere-vinyl gcglated scani Bed fil m
formed froma noisture-barrier resin conprising a mxture of; (a) a

fil mf quairtedor evepssated withblacioupeodtinglrhatetisldrsacl aegajmtd. yner; and (b) a
cross-linking agent; wherein the polyner is hydrolyzed fromabout 44 to
about 46 percent. 2. A noisture-barrier resin according to claim1l1, wherein
the ratio of polyner to cross- linking agent is about 1:0.2 to about 1:1. 3.

A noi sture-hatrier resin £o i Si. a mxture of: (a filmform.ng,

Cr 095 | nkatlils invgatict ey Goy desiibdeh Gt e SanighRhstarenrdia SRR g

agent; wherein the polyner conprises poly (ethylene-vinyl acetate) having a
mel t i remghodiohenthobitt BEiations bodtmadifieativns vani o wtitheat departingfrosd per cent
of the vinyl acetate groups hydrolyzed to vinyl alcohol groups. 4. A

mtoihslturtﬁe BRfit LT sdopeiof R BReRtictad R fizkabythe foMMRFiRE BlaiMS, POl ymer has an
et hyl ene
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content of about 60 to about 88 nol percent. 5. A noisture barrier resin
according to claim3, wherein the polyner has a vinyl alcohol con %q&:of
about 10 to about 14 percent. 6. A noisture-barrier resin accordiné t U0 m
5, wherein the ratio of polymer to cross- linking agent is about 1:0.3 to
about 1:1. 7. A noisture barrier resin according to claim3, wherein the
pol ymer has a vinyl alcohol content of about 12.5 to about 13 percent. 8. A
noi sture barrier resin according to claim3, wherein the polynmer has a vinyl
acetate content of about 16 to about 20 percent. 9. A noisture barrier
resin according to claim3, wherei nCLIAdMfbl ynmer has a vinyl acetate content
of about 17 to about 18 percent. 20

What is claimed is:

1. A cross-linked film formed from a moisture-barrier resin comprising a mixture of; (a) a
film-forming, cross-linkable, partially hydrolyzed polymer; and (b) a cross-linking agent;
wherein the polymer is hydrolyzed from about 44 to about 46 percent.

2. A moisture-barrier resin according to claim 1, wherein the ratio of polymer to cross-
linking agent is about 1:0.2 to about 1:1.

3. A moisture-barrier resin comprising a mixture of: (a) a film-forming, cross-linkable,
partially hydrolyzed polymer; and (b) a cross-linking agent; wherein the polymer
comprises poly (ethylene-vinyl acetate) having a melt index of about 35 to about 37 and
having about 44 to about 46 percent of the vinyl acetate groups hydrolyzed to vinyl
alcohol groups.

4. A moisture barrier resin according to claim 3, wherein the polymer has an ethylene
content of about 60 to about 88 mol percent.

5. A moisture barrier resin according to claim 3, wherein the polymer has a vinyl alcohol
content of about 10 to about 14 percent.

6. A moisture-barrier resin according to claim 5, wherein the ratio of polymer to cross-
linking agent is about 1:0.3 to about 1:1.

7. A moisture barrier resin according to claim 3, wherein the polymer has a vinyl alcohol
content of about 12.5 to about 13 percent.

8. A moisture barrier resin according to claim 3, wherein the polymer has a vinyl acetate
content of about 16 to about 20 percent.

9. A moisture barrier resin according to claim 3, wherein the polymer has a vinyl acetate
content of about 17 to about 18 percent.
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