M CRCENCAPSULATI ON OF BI OCI DES AND ANTI FOULI NG AGENTS
FI ELD OF THE | NVENTI ON 10001] The present invention
relates to m croencapsul ated conpositions of

i sot hi azol one derivatives useful as biocides or
antifouling agents. In particular, the present
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be leached away from the paint binder shortly after the paint film is applied rendering the

paint vulnerable to attack by microorganisms at too early a stage in its service life.

Accordingly, there is a need for improved encapsulated DCOIT compositions which provide

in-can stability and yet gradually release the DCOIT in the marine environment.



-1 SUMVARY OF | NVENTI ON 100041 Because DCAOT is an
oily material with very low solubility in water that
is liquid at tenperatures at above about 40C, certain
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tolimt the release of the encapsulated DCOT to | ess
than 10% and preferably less than 5% in xylene at
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diffusion performance or sustained release characteristic. In one embodiment a
microencapsulated DCOIT based on an amino-urea-formaldehyde shell system, the target
wall thickness is about 0.1 to about 0.2 micron, or the shell to core ratio is about 0.03/1 to
0.05/ 1 by weight depending on the mean capsule diameter and overall capsule size

distribution profile.



wal |l . I'n accordance with one enbodi ment of the

i nvention an agent referred to herein as a "dopant"
is incorporated in the mcrocapsule wall to enhance
the ability of water to leach the DCOT fromthe
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[0012] In some embodiments a dual walled capsule has been used. In particular a dual
encapsulation process with a first interfacial capsule wall of acrylic polymer and second wall

of PV A-urea-resorcinol-gluteraldehyde can be used as illustrated in more detail in Example



encapsul ation process with a first interfacial capsule

wal | of acrylic polynmer and second wall of
PVA- ur ea-resorci nol - gl ut eral dehyde can be used as
illustrated in nore detail in Exanple -4 3. The dual
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sysfeﬁpﬁrbblﬁ&tsﬁeldbtfeﬁmgﬁ'@ﬂnrﬁfnxzte Q%S%qa;ﬁagé"dlﬁﬁg %ﬂl‘flﬁ‘fbﬁﬁulamn and
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two wall materials to afford a bal ance of xylene

[00§§]a by ah&t}{e%ogﬁﬂ&t‘@ﬂ tﬁé‘ln%ntlmg DCOIP %%eﬁéalgg%gtg&ﬂ a thin

I N anot her nmbodi nent of |nvent|on
(e-&-ilgssithap @b@u@@dl aiceag) MF wall, hmdqther( furher enpapsulateth ima R A wall as

desgﬁ%\c}gb&sreoﬁ th%ca%tlhjz usead?g]e s!aﬁ/@ntf Ern? e %Wh%%d Be

wal | Scri be above I'sS case the use
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DCOIT from reacting with the wall components. Thus, this dual encapsulation process
allows the DCOIT to be encapsulated without the diluting effect of solvent and therefore
affords a more cost effective product. Of course, the partially water miscible solvent may

continue to be used with the DCOIT to enhance water leachability.



necessary for the encapsul ati on using the PVA-URF
systemsince the MF wall prevents the DCOT from
reacting with the wall conponents. Thus, this dual
encapsul ation process allows the DCOT to be
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[0019fr Nl satdrdrmce Witly at em‘m&hrh'em phthiginomées, theomcahsylated biocide is

Cr.oc. |ncI di,n can, . be used fo
conipdd it et rngiis e S e Rl kA 3P wadeutitgEhae been
prob&sewfdﬂusé iﬁl 5die pﬁmﬁs?%el b&ats nd 3lsd lmﬁQe B onammmﬁtagt&gfehﬁ or

mc;roc ules into the paint wthout 191 In.
RREERA OBO YIRS FPALRE CARRSME A (0 ghe fffﬁ‘?%d %\Pgﬁfihr: entjqpemarine
antff&ﬁﬁhg %Mb%o%ﬂmbih@n@s‘ &lﬁ b ?ref)é‘r@drt&féﬁ Paivitstchn Be pricpdied By mer

bi'nder such as the m forners and, bi nders that
mcmg@tl%@ﬁ mxgp@pgg@cﬁeﬁngeqjggexp intaghe; pﬁ@t Blaﬁnmng)unggqt 1s sufficient

to lﬁz%& ﬁw%@greﬁ aﬁn#omlff% grspeaies Radhinunfcas Y ehdilyl derdnBfled

rosin binders) to provide coating compositions. In
emmngalbqﬂydhpsp{glﬁﬂecbm thqﬁgt i Exgmpler 02 manpg paédnts reported in the literature

that are useful herein may contain about 5 to 50% by weight, or in other cases about 10 to
25% by weight, xylene or another solvent base, about 20 to 30% by weight zinc resinate to
plasticize the resin binder, about 10 to 20% by weight resin binder, about 0 to 50%, or in
other cases about 30 to 40% by weight, cuprous oxide pigment, and 4 to 6% by weight

thixotropic viscosity modifier. Generally, the ingredients were thoroughly mixed as follows:
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antifouling paint conpositions can be prepared. Such
pai nts can be prepared by incorporating the

m crocapsul es described herein into the paint in an
anmount that is sufficient to inpart the desired

ZO@Hﬂ bf @Y bélﬂtgcoﬁfpgﬁﬁéﬂ is ‘?‘r§rod§5é8 hmt@gﬁﬂﬁtrﬁetﬂﬂ@c&%ﬁc@ 3£l0 bW capacity

det er m ned i ca those skilled in the art.
togEShapite E00mI Gulkctolusee) pelade GerB PG erioh -3 T 1 frgaier
is &Mhaﬂn@om%wg 64 §ichiRtaCRMeR Thhiy gaé% Joﬁ‘xpéﬁ%xbﬁé

Ight, or in other cases about 10 to %’(T
semwt@rfpr@thesh@s bragds byofiliratiqn. s icrgensapsubatediy )alefyde is
h b &h
nl il b b QRIE ol o e
de@@d«e orabiont 3 tot1Arbycwsight). afheamogt reqiind gilbbe sbinglian of the rate
%

at ?ﬁ% H}lé;‘béfg(lgqg %egéchgglﬁ% t}&%g:{é}:a &le&%@%g}gﬁiyg&%ﬁg’ the capsules are
added gn adarsning toypeoedd dbontAig BICPIHinthd dasfilfrol | ows: -6 200

m of the paint conposition is introduced into a tight

OB ERhE TP i By SRR Bt A 1
relense bivtide indatexapnel-basedpainte andsdoatings, ddbesives, sailpnis, saullsy mastic

[

an AR iRbri e Blifding G Mg Ml SYIRON sl husics,
pohymer @mp@aptsmaaemodémngameDmad&gsL wood prcwr\pomatcedmgrwater

t he nt to provide.th
toui e i S PR e efenfeaieb Vel Aoy, white
discuskion h&1¥n tp?rtiéﬁlagh hddres?ésecy\lltﬁablﬁéd Eaﬁw,l thedlcupsbiatlmetﬁmmques

ction of t . at ich .t DCOT is.leac )
despiBA Reriah e PR b B ProviOipg SOt s and it g sty for
palﬁ@ Badel 08 ofhesohadl B&dch :3CBto WIDVIKdtories) mxrreypedmcal;o@s 1207
DCOT in the dr fllm(#00 Q) O her a@galt(lgé i ons for

Ketfce (pensLirchuiy k iporEpL ety xanone, etc.); C-1 to

C- Rﬁﬂédh@is' ke spRiRATECL 0 T-6fcoHdld @l h-Batandl dndb&ﬁ@cﬁ(y ethanol);
aints and coati ngs, adhesjves, seal ants, caul

-5 aliphatic #skaEomatig hiydrogarbons smons specificatly ﬁétcéﬁuhaﬁrgcarbons
and &mfﬂq&g SPBRAARAIPES - BYS Ry RSeatI3h@! o Petr DR khikis, ethﬁ%ﬁ%ﬁé and
conposi tes, pdper processing, paper coatings,
trimgted eveane) oand ferngintygpniginies p atigigers suchras phosphise Rﬁt‘ﬁg and
am$mH%gﬁu%and as a general preservative. Additionally,
ni di scussion herein particularly addresses

Xyl ene based paints, the encapsul ati on techni ques
[003 ks cini aseqadanes with anatler smbediment of dfeinvention agombinagon of two or

Eé;:ge gﬂﬁpsﬁﬁ§ ha%t RNSES FHEh tlaSPile BiloBiak L\ﬂ &ﬁ'eéﬂrratep PortkSmple, one

on ot her solvents suc asC-3 t ket ones,
migrorapsuipeay bd wad hat @ledses &e@wdew&m@ex(zeshgrt tmmtehyd and
an tl’zeg gﬁéor#eaphﬁ (@qﬁlgﬁ%e%}%d thh%gl?%‘éé h)g?ﬁé ’ahﬁ'too? gger a somewhat
longgreimief iThadel nyicfOcapstiles ﬁaﬁbainadmd]dsffe(rmt g/au npptdyiatsam di ffeaandl wall
0 alc and aromatic

thlcﬁm%srses '3¥?)°8n§nce w%ﬂe(’tgcegl b &Elgp s Of% '&?ﬂ Wdrocar bons

[0022] The present invention is further illustrated by the following non-limiting examples.

EXAMPLE 1

Microencapsulation of Kathon 287T Biocide Containing Solvent Diluent



and still nore specifically C5 - Cl19 hydrocarbons
(e.g., petroleumspirits, ethyl benzene, and
trimethyl benzene); and for paints containing

pl astici zers such as phosphate esters and aronmatic

[009.§]t €A ] aqubBphise WasGrdpared 3bkssting bi @rg‘i’irﬁ‘seéacl@ UpaDSi% JIBdHgth

the invention, a conbination of

aqq‘?P‘é?rSQb‘ﬁQMfdi’ﬁl%’élﬁl aieohgls éferlq}\/ﬁﬁ‘%%ﬂdr‘ém@algé @%maﬁ“tfeq"&%d by Air
pmﬂh&%%ﬁ@§ ér§+1§§fw£t9rr ﬁég&'ﬂ%&s 1R8E;s hlitsd earsul e may be
eases the bi OCI after or over a short

time period and another m crocapsul e(s ,ght be used
The ¢rae mptetields proparerbastsi roisugreof0P @ranisrof &g n38'é (A aanufactured

by g?l{ﬂ? Ghd f1hd%Gn ?Wn%rt ms | éﬁ%ﬁﬁ&lﬂé SromdRY soli’\een{'@gg b manufactured

erent wa s or different wal
by Nissekk Cbersiesl and heatexidp 401E eTheiagheons blase mﬂdb@l taore matsrigkare added

o 4Pl By BT S T LA A b

mirANdhdotiucelvh il denaepstbiaion oﬁdmﬁletﬁaﬁ theiz2 Sah“g'e Bf aboudi® to 40

I I e e

turtsihd i@rﬁﬁn& wiiRhesinkg Itﬂéttblﬂ atQfe ap @oav #07¢] Aﬁédhitfbmof 4 grams of
Vinol 540 and Vinol 125 oth manufactured b

PR\ ETE SHTEORITP =R oLHERS ST HHGl e Fsen A

solftfRled g‘a%sdsgé;um-ghffatg H B %{Efﬁﬂ)f Wter i§ subsRpatBhdasd 1 the slurry in

m xture of 10 grams of hon 287T é 3 manuf act ur ed
dropyvigdfashiem db 3fhmb 3 Bh dormalilelyrdg saluben i addpd slron-Wise pllowed 10
mm%teg AL b?/ tﬁé)zgi\ﬁﬁﬁh of %l §tlapl dWE\E{’u?lQ LS utiY ot £§ %Iﬁhute period.
hem cal eated t The aqueous phase and the
Thecdurey issstagnédab 4&?@amlckﬂkdaboubom hbuwmhttlomf # ggf Blee,rﬁﬁof

[ar a e slurr Si f for
reSAJf)IBﬁlt 9@% Wtﬁ‘iﬂnggx 6?06 {2 a!ﬂ%g%él SEEORER vva el?n %%ﬁﬁ%g i on
dropiwist; amisabRitibnmiai be Sivided,vargealfaidatiaus niifutésfoddwed by a 15-

.mcrops.. The enul sion t f rr'ed [, -1t .
minge el beriof g G Agng B sieans JALE PR st Raghes soifnfteate
probééaﬁh liOfda¥diol tRe Sy nahdWahi@ fAshfon! GRP LAY WHRald t?d390tand

A solution of 4 grans of wurea and 10 _grans of

allq“@s & i 1 16ihquis 0 The misocgpsulgierry is soddedipianbicagismpegirgand
pH Qggétéd % 0 & d8in gsl@l’/&‘st.dd% PJdr&x&f RRioR OThd WRSHis ith @ilbied 3th

ns of i's subsequently added to the slurry in
watdlr @pswsei tisam 134~ 180@0 sieive ®7ompyr enginselated @irgnd any dshris.

d'%ﬂlg ?Q a ?9 %‘N n‘?c(’(%h% ch!m%&ﬂlew semen %@§u e?r;a ht f? id ﬁ%ecanted

tron o sul uric acl ut i n over
andam!ésompsuﬂt: eoxpemmdxs re-Flheied withryatirs A/maﬂwlquot of Sgloah24 silica

frorp Ayt gé n%gﬁ faur irrg ngor tlhg %1 Prg,(?%ﬁ S rgl %1%}%[11%9&@6 g of

vacﬁtﬁﬁ-ﬂ‘ﬂﬂeﬂe hs’idg\?\&lﬁﬂm @pighet andniray sirieditbgaloduce 230 grams of dry free-

flowing powder. The resultant microcapsules are mostly 10-40 microns and can be

incorporated in a marine coating composition to impart anti-fouling properties. The

microcapsules were tested for stability in xlyene by placing a 50-mg sample into 50 mls of

xlyene and periodically analyzing a small aliquot of the xylene spectrophotometrically for the

presence of DCOIT to determine the amount diffused through the capsule shell. Samples

were tested after room storage. 1.1% DCOIT was released after 56 days at room temperature.
EXAMPLE 2
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drop-w se. This solution may be divided, with half
added in 15 mnutes followed by a 15- mnute hold
period prior to adding the second half. One hour |ater
anot her solution like the proceeding is added to the

slurry in the[saiRafsahRbOoE NBDRadbMIEN Bidcideat ed to
55C and allowed to stir for 16 hours. The

m crocapsule slurry i s co lent te rature
100346 R neaRiatdh of s e KO LR AU cibons
cortibbkis phBse td B@;dﬁée%fcbbcapmés '&&ﬂpﬂélﬁgﬁxﬁﬁmﬂb-ﬁimal@aﬁﬂé s An

strai ned, usi ng 50um sieve to re

aqueRBERIEEA lapeeaarasi P°"éﬁﬂ“&?fy27oﬁe&)?q a3 75t éthgﬁem mlewsan@gtde

co-pelyAr Gn?an@fal:ﬂ\‘&dtb??e%ﬁ’d Ot &dl lC%&pEngr) %@lﬁfl$]€and-§b%7 g of water
super nat ant I qu uird i s decanted m crocap sul e

and:hmtsaém #5Ce In 8 smragﬂ mssrenl 8a-54 afKapkona87T A?%mmufaawmrw Rohm
ol RAufi R L B S T SR IRAR g

theviadlied Mafhioh tere @chtaiial iﬁghé/m;aém Iphz(ke @sipg pmncaaﬁdrks ma:yer and legh

sooed RPN e PO SRRER 0 e g AEPPG R R g of 10

— 508, lv&ulelnmxﬁalaﬁ.ga&&énpaa@remausmmgmewumﬁm&i prio€uis, 5.58
to i rt anti-touling é)ropertl es. The m craqcapsules

grappsiob Cymst 3§ magifastugadibyi Gyfeciihaddeq imtabilize theqmlyiony Aftdergpout

15 d:Cehk AfifatioR sﬂ&a@ 1squuc&i HRNRJABHaI AP P CHthe/Cymel 385 resin
analyzing a small aliquot of the xylene

is aslpetwhltqahcnt@mtgrthwmmramm atiatpand pOEs eftas 2 d¢w MOWIEF, 2 &gram
et
solgﬁ;]onlecftm 5%9%%¥vu§ﬁ nﬁ:oﬂo] \q 6 %qiguﬁtgétgrlégg r}ePrgdﬁQﬁs% %ddfg .

roon
folloGell 3 dmamseh@amd)fat gmmsaﬁ a dia%salasolutummf peﬁammathhychogen

MPLE 2. -8 croen ul at Neat Kath
PhGEPEAS 9" 100 PITR FoR A PG BITERRL ofiheRatoap s TR Aowy
inckeabddad 688 7ahdi2206%R4rhd fthraUs added alsbuacn BeRus aftEIQHé saltddiSion.
phase to produce m crocapul es conpri si

Aframxmsidtt@nm hoursyod stirging pY 65°Gythe glying amgolg% gsaénbl@t and the ph
adjﬁ%&@rﬁhs gﬁﬁdt&gluﬂlf 1707(%e 019{10 ﬁle sﬁ%ﬁ%ﬁi‘ﬁlﬁ%ﬂfl with water

el ¢ anhyride  co- manufact ur
andGhevei osihg Gmfgmnwvem tamqvg nncapdﬂa@i @i7ang apy delmse The an d

eat e S .
58t R PP RS ed, TEBLE
coricentéhfe it ce-§lanried én wlvatepumd thas:lebantahmn prgksirgrated. Ehelpscrc&alpsules

by di sper.sin t he Kat hQn, cor e, mat er |
sre 3 LTS SRy SR SHE R 45 0 HRTAED Pk Pl i lger on
thegw Heincteat\wmblent &tﬁdﬁi&ﬁsﬁ@f i @maﬁﬁ lo}v@d The r¢sulaht ﬁﬁchaipma area

et.s nos e of 1Q. - 50um While .

arsge S P e BRSSPt BooporaSainie e ARG M formulaton to
pro®idd la ShakinG 344tiAP iPdco6@aite wWith2Be efib&difemtiof eiBeniSib The

manuf act ur ed Cytec is added. to stabilize the
miczpgapey! e&merﬂegtg% usiigthe xylene extraction test described in Examp]e 1 and 1.4%

DCOIT was released after 56 days at room temperature.

EXAMPLE 3A

Microencapsulation of DCOIT Biocide with a Dual shell
of Acrylic and PV A-urea-resorcinol-gluteraldehyde



15 mnutes, the agitation speed is reduced and
additional 1.79 grans of the Cynel 385 resin is added
whil e nmaintaining the tenperature at around 50C. After
a few mnutes, a 5-gram solution of a 5% pol yvi nyl

: [OOQBF Ohﬁ |1ntéﬁm£l)ﬂhas%49px€?d?éﬂ WohitidoghefindoltEl RaM6H 587’[’5(1 50 g) ata

drop-wi se addition _of 11 grans
terrwwgapfargwdlﬁo vt mﬁhﬂa&@éﬁ%‘ﬂ? Ao 6g‘éﬁmtaﬁ?f’d%1p*|‘f‘§fyéa‘° (10
g) Ql\e%memm]mﬂw& %nmz;c%te 10).t RV RkRuIGTicddR, tertbutyl

m croeapsule slurry i s slowmy _increased to 65C a
perpivaiBtedi ghis myked indaythe dnteraelpdassh Jhe infernal phase &s m%ﬁm%%émo

wa&?tiﬂ %Sjgdntta{lﬂfi%Eolﬁlhﬁralcﬁﬂoﬁﬁ%ﬁdl oS”i)a«i2)§6 ?P\B'in%ol earmg 1 liter

strrri e slurry is cool e nt and

blendez forH 0 naugxtg:s,mrédl a slgbly emulsionigfonmed. pheLauision ihihep Fapséared
nd
i1 iy fer Oy S il oo chitBhoks Ind Sk ity o |
decmygeratesl wi%bntnav,en Tdrd hom whitechepting te S0UF.eThel Hatﬁhe%:lthsrehqld at 90°C
uper nat T c
forq Oélﬁsta(f% B ?ro en rgm}) all‘I P%#‘é*g’eﬁ‘g%\%g%‘g ?ovg}] l&%tsg'&e. *i‘f?eeéaﬁﬁ“ge
emdl%roa mbxaamopnlmexmstmle{smdt @chpriging a pblymsuagieliicasapsuatang the
umf| | tered using What man

Ka&“’ﬁ%%’éarvmg%ealnrpmg' g’r $EE e ? ef"on the |ab bench at

anbi ent conditions or in a vvar m oven. The resultant
(0026 r Bhapstidlasf enepalatal Kathonsd8 7T lagiherysubipaide to 2 $eaendean
tre#%%g?}ﬁa? 9% bylﬂvc% \%gé %rgz‘i)&l%dadg“ ?orgsr ﬁﬁlgﬁﬁ s&%t@%G aBCSé% 635%%vgr 12
mlmtéshl(l)We%SUh’mﬁh armha34 @) O\teln @2 imirveest amcim ml'ﬁh&e of urea (2 g), resorcinol

0Lk prERbe e f o T e THLAT s ol S op B R85 anc
wat"\e/lﬁ(Seg'a&ﬁhdaéd iﬂ'bp %e%wsslcﬁily bR 20 nenmey eipusvent apXAhdtiol3 Ahen a
croencapsu

tion of T Bio . a al shel |
secgpd addjtipnio uigh 2 vserFiBal Flesor erfcﬁ%?tefg(%ﬁﬂﬁsaﬁgé ell} migutes
follbRed byl a Avixthrdto® D 5l glutéraldenyds (P)eRa wad:r byg)mua¢cngop wise over 12
toget her nplten, Kathon 287T (150 g

minyose FORPRE s £ EBHApren (& Eh ePiFinal € Y Dpmghoater O £ is
add2d b3R8 infthuteld t%ﬁ&é/écﬂg}ﬁa &ﬁ(gxre 61 28 Bluterd1 a8y iy éSCEf) RhOWEE(S g)

trimethacrylate ( g@ Just _prior to enulsitication,
added drapyyigd ovepbd f!ilil\!ﬂéﬁsa ey &l agiditjogs pre yrade the teraperaiure is increased

ﬁomts@é Ebaéoog Qﬁ? feld Ebﬁ'mﬁﬂtttg Eﬁ@lfor%ﬁr%ﬁldlftely(l) &ﬁpl ARg cb()‘ﬁr& and
wat er (25 cont al ni ng pol yvi coho El vanol
pH Siutrdiyatiod thy) migsicagsules Wtilierpd nd dtl@rto Poideeroeting fige flogving

l,
povgc]e;J p'ntsa?%arr]llf)g%adhgm%{nﬁglﬁlge E‘We aQil%ﬁ k)‘gmt f&frﬂﬂﬂ?l%ogrtg Erovt(de a marine
coating in aoverdiveasithione embaglimerit of the imevertiorand ni t r ogen

supply and deoxygenated with nitrogen for 1 hour

while heating to 90C. Theghahgprksgt hen held at 90C

[0027] Example 3A is repeated using a solution of sodium sulfate powder (2 g) dissolved in
water (30 g) instead of aluminum sulfate. The sodium sulfate solution is added drop wise
over 12 minutes. Again, a dry free flowing powder was achieved that can be readily
incorporated into a marine paint formulation to provide a marine coating in accordance with

one embodiment of the invention.
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for 1.5 hours after nitrogen renoval before being
cool ed down to 45C. The resulting emnulsion contains
pol ynmeric particles each conprising a polyneric shel
encapsul ating the Kathon 287T having a nean particle
size of 19 mcrons. [003&iaviPeEgrticl es of
encapsulated Kathon 287T are hG§$ sub Cted t
secondary Dyl gagapghiztioq progsss Wt % ge

addi t MBREf arylisipehmir ARG TY £ 2 e Frreran

t /v% sul f
o0k el abedsrs Biease] bY iing el Hel ?{awog 28%1“%1&@ gata
terdyrdtiire 02 &ro@nd 5DP€] wit meihplrhehacryllhre (i1 (6g)ITi, % fbukzmedibl cﬁﬁﬂ@late (10

| uter h de (5 and e 5. are added dr
o Spdemsaip e fegiengte (s bust Bttty Bpdsdioation, £bRy
peRBARIA 1) i%r}mxamﬁlrto he lﬁtg&@l%aﬁﬁ ?Tzhg hl&&nﬂfphbﬁeﬂﬁhdrﬂogﬁlzed into
and water

resorcinol (1. ed o
watgr (33 com@pmsmgv ¥l %CWW@OW%@% giand g‘?‘éﬁ* Xﬁ&/ a@ 6g)
using a WarMBd WG 1bRndéFoRd mARER Anfll Ofablé GRuISYETs far%wd The emulsion
m nutes.” Followed by a third addition of urea Wgﬁﬁﬂ?n
é 1

is thers wansferred ingaa & Sqiter baaker with everherad Sgwngstherawm?&?r
su;g%ly oiﬁell\é?é’éﬁgltlp)ﬁtr@géﬁ' f&t Pfuﬁxr Qi1 Ré4niglL W°@| ggb BQ@] {s%hen

and water (5 g) op W se over m nut es.
helAfat 84°Cefpt 1.5 Helirs p sntmgen wmealth?@rft bﬁ%?@!qdrdewnéo 40°C. The

reshfiiE ERGERN caﬁtgﬁﬁ} éagig&gcolga?tg@s%gt he S,b%nk QhefUr €

or approxi mat e
encapsitlatang it atloon 287& haviog @mpspﬂre@e alzeOﬁ 1|9| migrosgl ﬁhmbamcles of

en%igsu%geé dﬁ?t%n ar@th&% ng)j ec{e? % ga Le%@%eﬁ%%ﬁ bt 4{daétm\%mng

y I'ACOr por a
dro‘pommdcﬂinoo of & mlmm\uf deea §3 g}arasoremob(d &t g)napdiwataxd4og)dereck

miflsts A0 SR FRodiu sultEpdher B3 8 inatat b5 2 added arop

wiseQet10 Binhieat Thapavades so(hﬁlog)of tirmskdehyed (2205 miyds added 3dpFise

tead of al uminum sulfate T di um.sul.f at .
oD R AR A D EE Holahk Joocp PEy ARG ot R aged dpov wie
ovéleyminiRe THeDbatcRGs MenstRfed Wad slawlyi iRYRd td 452C o@«am Bfir. Thena

readi]y |nco%gorated into a narlneﬁﬁalnt ormﬂé¥|o

secopd pdifian et a S0l Pleiread ) AgsOrinol B Srh At (W2 ) angrid %
forRARIRRY R 1Y mBfis dibRed MMRATah Bdded SPerESMNREEs thiIBWed by the second

encapsul ati on process with a first interfacial capsule
halfipfiter adp mjpyty bq)lé ahthi°Grdihe hateh is then stirred and slowly heated to 48°C over

1 W AU{h‘i'—’fa a&éﬁﬁ&{ &t 35, er%W&J" Y41$ o Pt I7.4 %Q%@]W?‘”

I nt er nal gp ase 1s prepare by m Xi ng t oget her nol t en
/T

formaldplaysle 2B5rml) (siBidedpvent 2 minutesnpddienall additins areguadg tiBgemperature
is 1 |r%1%?&;ﬁél?§% (qg)tﬁ)aé Xc]i 201 o&e”&ggt)to Sure for ag%ﬂﬂx’?a%ly 6 hours. After

cooling and pH neutralization the microcapsules are filtered and dried to produce a dry

product that can be readily incorporated into a marine paint formulation to provide a marine

coating in accordance with one embodiment of the invention.

EXAMPLE §

Dual wall microcapsules comprising an interfacial first wall with the
reaction of an aromatic polyisocyanate, a second shell of
PV A-urea-resorcinol-formaldehyde condensation polymer
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g) and trinethyl ol propane trinethacrylate (10 g). Just
prior to enulsification, tertbutyl perpivalate (1 Q)

is mxedinto the internal phase. The internal phase
i s honpbgeni zed into water (453 g) containing

[00R9] YXh Wémﬂ'pﬁﬁﬁ%@i prefrd@ERoh 1x5%‘t6g”e)he(' Molign Bator E87T2(00k) at a

71- 30) iter Dblender for
teTRRCFAHTE S %Iﬂ'ﬂdl SOaC’s‘Y‘ng§ 127%@%0 { G e dhe ntgmal 1 phase s

hox% %@ fhto Wted (360 g} Jo%ﬁﬁﬁ%ﬂo%dnﬁym hRotdl @Eﬁadou 5®42)q@ gk aid
overhead stirrin ernmpnmeter and nitrogen

(ElgwaW%)r(ﬂ ghm@vg%a%bhw blander fordd anytes until Rafable Rplsion is
forhl%é‘t TR siSPE thehi@ndat&inbod 1LIE beak@ vithalveeSd diiPfingland

hours after nitrogen renoval before being cool ed down

theprgoragier. Thp batch isdhnttiepigd rA0FG paka ediionioh Figdsilgnediantine (0 58
and@htki Qb gfxs QA& fsé ST hROMYTRIA &t BP€bVermight, The resultmg

encap ating t Kathon 287T having a nean particle
emylsiog corftaingpalyrperipparticliseaqhenompeibiog 2 pplymene pey uteasiall
t
ench il 88 KRl BRGPhEE! BHiCuR SUERBRE Theparticesof
enaapsulaiwdeK ashion P83 a(e3hg) subjeatsdtoci seodndery. tBatgent arfd °Gatvelving

dro& vY1§eg.% dl?lOIg \r%{j% fr%lx(tir?e g%l {lr%g' 2‘2 ré r%sc}r ng‘lgég g&g} jvg{er é%%g H\aer 12

mitinesp Thew a;mlutma fof i@hum mlfa@owﬁbe(rl g) aﬁﬁ?%tsnﬂldtgb oradddd drop wise

over e Pt a7 B atPa T acal e e yfhptss over 7

miutdsf Wiiefa m}mihméhcﬂdi skemi»°@,r 10p// v Selfurid\eeid iSadded dto@Smser‘ver 5

bat c the ed over 1
mipgis, The hasfh 5 thed SUSHEAIGIAY Bipiagiio A5 ar | Baito ey Ehecpng
addilﬂon df@%@lhﬁém uréa4(2§ gésorc\m (sJ ) 32&:5%9 k) @3 787 férmaldehyde (10

mal dehy é is divid alf and adged over
ml)fzquﬁmr&alffaa P%%éd’vw Ztrweutg%%ﬂwed Pathe secopd palfattes
mnmtenﬁvgl@atmgb@i Phe vhadr is %eﬁstk}%dcahd I.sl%wwwe@tea% 1g°ebventhour. A

y heated to 48C over hird addition of
thirdaddjtiprgofgrea (2 @) gpsoraisil (3 &, ‘33@5 25 \&M@r 37(’/3 formalgshydp 41 03mbgs
add@@ BG@'I dalydss. (ke g lddxﬁon@gfi‘%ﬁ’ad%\ﬂ?ertexﬁgerﬁ?u&% ﬁéreaéfdtfﬁﬁn 48°C
addi ti ons are nade gferature i's Increased
to 510r"’6 pndisdl everEgT taypuite ﬁélanprgmma kit hougs. GAftes coqling and pH
r
nexBES PR RSB EAE Enertd b gref O00rb Al BinB Yotaton.
dried to produce a dry roduct that can be readily
i ncorporated into a mar EXAMERRE fornul ation to
provi de aviRhdiNGpsutlat 'eﬁlQpédiht&P&i% ﬁ@ﬂﬁM’b&@m@Pe

enbodi nent of the I nvention. ES Dual "wall

[oom]C r&.s: Ml BRasE RHREJafdd Y n%mmgrmﬁémml(zéo Hata v&{ﬂerature of
th reacti on of an aromatic polyi socyanat e,

arow@oi?n@ Ehﬁaqnteﬂ@ﬂ phase/js homegenized dpte pp aquepey AraPlERY arémstmg of
1109PH8ES 749, eyleRd YARIc anflydride copolymer solution and 121.48 g of water

using a Waring 1 liter blender. While maintaining the temperature of around 50°C during the

emulsification process, Cymel 385 (22.33 g) manufactured by Cytec is added to stabilize the
emulsion. After about 15 minutes, the agitation is reduced and 10 — 50 um droplets are
formed. The emulsion is then transferred into a 1-liter beaker with overhead stirring and
thermometer. Then a 15% salt solution (44 g) of potassium dihydrogen phosphate is added
drop wise. The batch is then heated to 65°C over 1.5 hours and held for 4 hour then cooled.

-12-



[00291 An internal phase is prepared by m xing

toget her nolten Kathon 287T (90 g) at a tenperature
of around 50C, with Desnodur L 75 (Bayer) (10 g). The
i nternal phase is honogenized into water (302 Q)

ThERBEIRA @éxﬁ\ﬂm@x@ Ldﬁ‘t’dxﬁ’hyﬂol)fi“e@i@ hatticleEbacARBMpASind @ pol{ierd) antine
(Elvanol 71-30) (4 g) using a Waring 1 liter bleng?
he

formgldehygle shell pneapsylating tz@a@f‘%?b?@ Tdryingiagnean garticlg sizg gt

migoay sion is then transferred into a 1-liter beaker
wth overhead stirring and thernonmeter. The batch is

then heated to 50C and_a _solution of. {ri et
Th?jpagml?ﬁeoaf(eeca@sﬁated Kathonaft/d slyreypre iheq div ﬂahh%‘lr 2‘3"%2%%%)
frackloR iPabfebed fo 4 i&@&hcﬁ@l tfeaflenPA G5V aivBiviiidropl WRe hditidn df1ag

enmul si on cont ai ns meric particles each c
miuis &f Yiea (3 ®: wrymaf(é@ ;SRR WRter G2 8¥e 14 Ay ey %%Régﬂ@n
solgtﬁﬂsf%wamhﬂe f(ﬁﬁﬂl)r?@&ddb&hx%%%s’eeov&f 7 hufEsC A@BSa 10thhute hold

Agartlcles of” encapsul ated Kat hon 287T are then
at

(Bj Wor'ed selfirig agidd dhedriyadded droperise ayier 3 gunytesy Jihg bafgh is then
stlrgé'd%94§u(§(ﬁ'etafj%1fr' ?ﬂe dse@orﬁ'aﬁal bff op% sofiltfort o@greg 13g), resorcmol 7

resorci nol wat er g over m nut es.
g), Faten (39 = @ndm%» fprmaldsludﬁ @h mig @Vréecbm/hﬂfran‘é addgyl oxgrd 2 minutes

iS5y b3 Bl i IS 580 16 4 2Ce P A8

slowlyst@ated &r 557C omemivhicms . Thkhtheatedito0°Grifor t houtsaind coaleds Odter

sulf ri.c aci ed | Se.
coafi et B4igalf o el elofufE e PIERA PGP broduce fip e
flowing pb@dentiedt cdn beaeadily Tiverposataiciardnaraschaint fommolatian to provide a

| f
o HE b R A EHASH Py sl T el
werrdelesd w3ing thehd/1¢ik BxkiR o Rtldevueledin Exampleicexaept ek & sample of

after a 15 m nute hol t_4 T
the JipropapgUIET RS Al 9 ipsfed r?éégefg rghiz e @%bﬁgﬁoms feﬁasef‘ Aftedd
dayd d6icbmQBmpdratie@ad £ 29DCOIEwaY ica®ld afiér 28)dayy@t £5°C( 25 Q)
and 37% f or mal dehyde (1 Xﬁﬁﬁ?l s added over 12
mnutes. After all addil A ade the tenperature

INF sRilcapsaRd rd-éRApsiRfed with IBOL @bdrebditioopeleildhyde! lymer
cure for approxinmately 16 hours. After cooling an

[00BEUt AR riterad] lpgm tmemﬁr@ﬁﬁdlﬁrrg kshat 27T (nsoegE)ag a &mfbe;]atl?re of
to pr u i sol ation sne
aroeeﬂp%fﬁFeé‘h? wteapal g BpRst r%ho Bz QAR wom%w opRSEERE of

110°%0)g b4 ?'75%'6&191&@§ fhalef dAhRRAE @6pdWmMERblutibgartalN A8 g% Ghter
260
tenperature_of _ around 50C. The interna

usuéﬂ]aa\é’@n%& H&*ﬁblgmr 7 Wbile maintaiping gderpreraturg of aroppgh0°C dhring the

em&l@iﬁééﬁﬂl' Ritef Crﬁé‘lgw‘}@ (ZQ A o) dnadu bttty as SRl tstabilize the
anh e co mer sol utlon and 121748 g of water

Cm\!}SIPﬁgAﬁel\PbPiltrié npmutpq, e agitetionds redyyerd jand K ¥t win draplpts ae
forfEdTPR{ethiY onq tl'l%ﬁ grg%geﬁg Gred YLtk teler mvéﬂhgdfsﬁhﬁﬂhnd

process, manuf act tec1s
themmiaesdiert Ehgt zabﬁ% saﬂ@otdmgn (44 g) of potassium dihydrogen phosphate is added

drop wise. The batch is then heated to 65°C over 1.5 hours and held for 4 hour then cooled.

The resulting emulsion contains polymeric particles each comprising a polymeric amino-
formaldehyde shell encapsulating the Kathon 287T having a mean particle size of 16
microns. The particles of encapsulated Kathon 287T slurry are then divided and half are
filtered to a wet cake of 80.51% (127.5 g dry wt.). The wet cake is then re-suspended in a
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enmul sion. After about 15 mi nutes, the agitation is
reduced and 10 - 50 umdroplets are forned. The
emul sion is then transferred into a I-liter beaker
with overhead stirring and thernmoneter. Then a 15%

mu%tﬁ{etof Sated tZSQ %) Eéfhaifihg gélyﬂﬁilatﬁ}%hblr(l?%ﬁm ds0oep3 106 P g Riitgécted to

is added W se. batch is then hea ted to 6 o
s SespBAATY AR S KM TRAYIE 155 Wi RORHORT S EaB gt ey 5.3%

(60} Sverr €3 Wihdt91 @WJ%%%&&TH @4 R oRP 1Y Rktds, BRI thixh@Sof urea (2
each conprising a ymeric am no- _fornal dehyde shel |

8). aereol(lad g)s@dtmerl(a@ a)cmerzmmw Fhen mighe pEd% ¢l e
TRl 0 ) G560 NSRRI b8 20 onappeag s
preyynt aggragationnThen asgesnd @ﬂ@aon of wiea@edrreernal (edghent water (20

f
g) %%gdé)dq’w?’lel\go‘ﬁg’f‘%% ﬁ)‘fl{)%f ?}: 2 Il\?vg?%sr)% (gﬁltermié%s § @ and! Waedr (5
g) addeditiep wistoer 2 Bifites. sFﬁlImeé hy ethifdnddisicn eﬁ\}fd%(Z(g)sremrymol

155§ GRERED HgaadyElap LA el Bt S AL S
gluchramehyﬁes(é g)and waten{Srp) hdded didpewisad e 12 sinutesn Afst alt adslgtions are

1.h
maa% Hﬁ??“&?rag‘;re ﬁfr‘g‘%g{sgd %ﬁ’ : '1? €50 ?@?ﬁ 81“?5‘5‘1 E“Ile)%lg e &y foxg
apigdximatly3l6%houssl Rletledolidg ar(dZ;ﬂl ntutralizatidh tedeicrocapsiied dre &ittered

ded over 1 utes. by. t he,.second
snd oo ogice B R MaT 4B R R HEUIY TRORRBR into @ marine
paifit fofrﬁlﬂﬁhoihrtd provideWnyarine asiflg irbacodrdarmé @vithbnb etbodirhbistiof the
heated to 60C for 3 hours and_cool ed. Affer $OO|IBS

invgiipny [The gvigrecapsulesiyentestpdusing the XWERS griraction dest dgserife

Ex&fple dlek&pt tht dXaRPie@R R rhicdCapshieewad divedic Ader Th Biad test
can be readily incorporated into a marine

2, #/opﬁﬁlllawpwle@%‘;d@ﬁmwcﬁ@yﬁat TPRIR fomperadie pptp %P %%Edvaa sleased
aftd¥ 142 @NR 4§E00di ment of the invention. The
m crocapsules were tested using the xylene extraction
test described in Exan'pl e | exc_éﬁt that a sanpl e of
the m crocapsul es was at 45C. In this test
4% DCO. T_was rel ased after ays. .a
003 2bpranls 1A Sepenied o e r TS RSN PREeT b ligpatved i

waftk (%%msWdlﬁnﬁﬁmNﬁlfab eThe aRsiduifhtesBlubsitie Bédﬂdaﬁ(qﬁwxse

VVA- urea-resorcinol-gluteral dehyde pol y
ovqrdému% Agine Aey fresi{lowang Rovser Way REgdysed Wéﬁ Gap .1?5 “Rg’tlfﬁon
inc@Pbratdd2R8 aSiar@E paint BAMBLRINUYS Bro¥ide a#hRMB dodtEin Addsrdance with
I nt er nal phase I s honobgeni zed into an aqueous sol ution
onecgrindgningef the inventpng g of a 3. 75% et hyl ene mal eic
anhydri de copol yner solution and 121.48 g of water
using a Waring 1 liter Eb@mijngn | e mai ntaining the

tenperature of around 50C he
P ua?encapsulatlon w‘i.j eﬂ%n}Gum Arabic as

the first shell and melamine resin as the second wall

[0033] In a 1000 ml beaker fitted with an Ika-Works mixer and 4-blade turbine impellor,
dissolve 6 grams 300 bloom gelatin and 6 grams spray dried gum arabic in 240 ml deionized

water. Start mixing at room temperature, again and heat to 80°C with stirring.

[0034] Adjust the pH to clear the solution with 10% NaOH (~ pH 7). Adjust the pH to 4.1
with 10% Acetic Acid. Warm 40 grams Kathon 287T to 50-60°C to melt. Transfer the
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enul sification process, Cynel 385 (22.33 @)

manuf actured by Cytec is added to stabilize the
emul sion. After about 15 minutes, the agitation is
reduced and 10 - 50 umdroplets are forned. The

GeRWGRIPArab® sbll8sh foradtm@ldnét jarting add the [Kattoh 28FRInel. Emulsify
Wi th overhead stirring and, thernoneter. Then faﬁ;éiﬂgé?g‘e

slowhy 18 BuN) e eﬁ’ﬁue(va&wgifsw drpplet sigr (04 RICESY efans

bedk@r—ﬁg(@?%paﬂﬁﬁ Bn ¥ &Bpty -\E'Q@r PAh.CUsihSa kdpantdip aingél, 41u6HS ml
over 1 hours and held for 4 hour then cooled. The

wapre §0H 0" Rhdesoniged ivater Bap eddeth dropot ierelheek With pimiprascopg forpbserve

hqlﬁg rﬁﬁ[u'd%h&‘g sépaPfRilod BBS id %Hés@ PHat {){Qﬁﬂﬁj WRPYHE dfpRts. Adjust the
encapsul ating the Kathon aving a nean parti cll

amgunt of dgionzpd water up 95 dowrhie aglaf:\(q this gesulis Begip gﬁg/d:pgh@dhe beaker

¢ e
by g@qa{;};ga;fggaz ocu?L:val\}'g tle Fiér b‘g{l‘u PN tlﬁo/c?ﬁéi%lg@ gol%bf piAS&ihould be
obsthed witrossakieallys Gohenuerstwsmbemé@ €n Checkmcmqopwp gpin to
t

vl B 0 AP0 S ARG ot

Continué 515wi covling/to r2g°®1r@pe shbwld obstdveta suhsfansial wamandnwmee polymer.
sul f at e. 0

coftie ikt Forc s Ayl Pl o R b Bt K o At

addiigaore Ace, gir overaipht, allovahg (he ré&ction toavaimua teem te@Pergtureo\Recant 2

t Th t. |.d
EE LR Y S T e T
1soﬁgégr£: thlstpbﬁ\ft b9 filtprir\ead bdHEPT .8 ghuisQerosTIHTAR a0 the diltaccake and
a I t1on, o

a 2,, e rcinol (1.5 , _and wa
shafing n v egmani et ik ivst oot i b der it Fiskpufiong Paber bR e
berfh-dAPSPestight € Thik dtiddiein & Fred Howing pomtie wiltbsingdd (despik@rapsules as
drop wi se over 12 mnutes. Followed by a third
welh ggisomegeseatef ea (2 g), resorcinol (1.5 g), and water
(20 g) is added over 12 mnutes followed by a m xture
[0095] 2R %ecogdl Wapcal lﬂﬁﬂl}l&ﬁ)}(fﬂteﬁl}lg ardwwetdtanted stryadte dret filter-
drop wise over 12 mnputes. After  all ons

cakigiese-spendediip &7 arme &f % %5% S/ sQlBto %ﬂérﬁ%z{@éetosms%&a% Pegin
hea'ﬁﬁ% £ Rvehhd Fhtle &rﬁapﬁﬁrlﬁ 3fofims AREY1 9%5 HRIGhYdeldhiR@ Water. At

er cooli n]g neutralization the m croca séul
50°% dropivyises péil0 gravms &% dihydioep RigsRhatesofutige. Flpal & ¢3°6wind gold
ove? AHE r(%&oﬁ]ﬁ;rosﬂ'?elﬁﬁere{tﬁ@qm ¥djhSP AR RO AT EWith 499 PBralinh Ne

parnt formulation to provide a marine coating in
Hydmmp selwiéan. \Kilten, and evagthtyidllleienizedgyatern Sprepdgudoniagaper foveel to
r.agit
aryy ARG8T MR g W It (o) EASE Ao Bime
aggrdpatend cr ocapsul es was aI so tested at 450C. In this
test 2.4% DCOT was rel eased after 14 days at room
tenperature and 3% DCO gxwaspf.goeased after 14 days

at 45C. EXAMPLE 7B
Dual encapsulation with Gelatin/Gum Arabic as the first shell

and urea-resorcinol-formaldehyde polycondensate as the second wall

[0036] Ina 1000 ml beaker fitted with an Ika-Works mixer and 4-blade turbine impellor,
dissolve 6 grams 300 bloom gelatin and 6 grams spray dried gum arabic in 240 ml deionized

water. Start mixing at room temperature, again and heat to 80°C with stirring.
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[ 00321 Exanple 7A is repeated using a solution of

sodi um sul fate powder (2 g) dissolved in water (30 Q)
i nstead of al um num sul fate. The sodium sul fate
solution is added drop wise over 12 mnutes. Again, a

[ooﬁ’i]y Mjﬁﬁ i PR GeaP ARSI RSP [ 006 WROB (-pH 7)Cﬁﬂjuﬁt&he pH to 4.1
y i ncorporated into a_nari ne ai_nt

with §0%orAsticicig. WA 4G o Remgn 2R blocr Qe cemslty Rranghdhe

Geﬁﬁf‘?@%‘l@@ﬁlc Qb lufififrolaWaER thleRler jEPAVREdHS Kiathdh 287T melt. Emulsify

enca su ation wth Gelatin/Gum Arabic as the fir

slowlyd(~10 mit tneshiae e desite droplet sire (10et0gniaoRg: | Trn5Es backipgpe
bea%QrQF)lng a ? EIIE ‘ri]nezidl dnh w‘A\ﬂeF Fhed nUJlK?a é%ﬁﬁﬁ)rﬁ?ﬁﬁél 36t 175 ml

di sso grans 300 bl oom
Wa@e(ﬁtﬁommn@eg s W@m@yd dioperisey Lﬁﬁealf #Hh e njigrogeqpe tjobserve

oAU B Bl o) A (R Pl A SO ROR Rt L e

amqubrit bbdemrwd watee up of dawroi agliieve tms%sula(ﬁpgm slow Iqoqtjng the beaker

o G T A e A B e,

obs&zledimmd)@lmaﬂya lﬂoutlwl slow @olingto 8ia.r ﬁh@kemg\@scop@pllmm to
vert‘}% dféﬁ%ﬁoé 1é)n t1shrgo 518 c}:e L lt%? 8&%@% \];VXII foﬁge_{%{%an?n]%t%oﬁr?gﬁlymer.
Coriira8 slb@rcoblinpkio 26°. t(hn& shindld blmmma)sebstampmdt arsl norfreg polymer.

com%e Wt % bggog)w}b%\l tﬂﬁ? §0 o &g%fgﬁrﬁ)\;\élu efa gtge%gde 1% 128&% J\?tgr

addinpafidire e} é‘tlr avérhighn sltepifg the rabtar m&vanhltqwodm- tbmqeratnire Decant 2

phase separation of a fluid t.hat
timpiley lattigg Fapsules seiffe pud ringipe WHHQ@@P?ESWB@‘* Wit e? &%‘Fé F‘“E%
isoldted AP pofnt BE it dnd bddiiEE § stamsBa@dsil ITER 6 the Gilter@ké hel
beaker by addin tg a few i ce cubes to the water bath.

shajing grmayvidetreouth betde poniriel Fhepevdsssirid ogeon Hpapet gl to
beridh QHPAERREHE 21rhi¥ restiRditih B %8e AWM F%@Qhérﬂﬁtﬁ éi’ng‘?@@ropgﬁﬁﬁbsules as

m croscopically again to veri he sol ution is
welrasiome aggregatesni4 secandwall caa ke P@ie\ﬂ/émﬁlqemlmﬁ rgge-deranted slurry.

Thédl’]v%ttdslﬁo u{kg & %%hm&ed in gﬁgxtah@ WE3 5 15%\431\@@9,1)1'113&1 51@ 5O3-deionized

serve a s Stantial wal free
waiep| Bﬁgi;rhean@mtSOf’@l endwhild diigping in 3 granﬁthﬁm@f‘@rQ % grams ggorcinol in

108 ggﬁx}igég,vé?% r%t 4he ald g ke ﬁ?c; § %aqggao FfrhSlehydd glmam then

overni e reacti‘on
10 geamml 5% duh}dmgbmphmphammnoﬁ)eliaattto 25°Q andhbeldmyet leghtl frgol to

tl ' .
o BERP S BT ELR Oy 1 ol AL o e,
andWish evithrigionized avelei. rﬁpr&dﬁ»ugamlmpéﬁbwei tb d67 ZFhis resulleé in a free

fil i h battl i
foylog pSwh & avias R el il & 793"}‘3 hedeniler o 0
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bench-dry overnight. This resulted in a free flow ng
powder with single (droplet) capsules as well as sone
aggregates. [00351 A second wall can be added by
filtering the tw ce-decanted slurry. The wet filter-
cake is re-suspended i nggapgpEEgo0f 3. 75% EMA sol ution
and 50 nm deionized water. Begin heating to 50C and
whil e dripping i puki- g{eﬁnﬁc&dpgﬁles”&&ph@ngz m dei oni zed

vat er.  AlolyudiianebBRre GélatinAGidn APabily dEmelaftng kddwdr ogen
phosphat e sol ution. Heat to 65C and hold over night.

(oofgg/l I 01000 %Dbbﬂdprg&ad \Hgli?aralkld-w&kuﬁﬁx;f lma PbladOrurbind iviptilor,
. 0 Ot as um QXxi de_sol uti on Ilter, n
dissyes Qe AP Blaorese i #1s SaES SRisy el Loasihic Ppadimldgionized

watbk Y Start muang 86r9bth @6 perativef 4p88 ahdl A¥Mt ROSISCWHRY stivirigh
single (droplet) capsul es as well as sone aggregat es.

10033l | Aauptheris ke S chesagiopp B 1 eyttt Br o gF vt g 0 4.1

wifAQoYLARHE ASRIL 6V @t 4d‘@arﬁ§K@tﬁ6|n 28T to [smaﬁitd rﬂélt 10804 gdams

beaker fitted with an Ik m xer a | ade
Degmonsiupsd-Bipang gx welfy; Fagy %heégéa*%me@e g %58‘1‘H°Qé1’ a vamm

blefddd i afd AWEHS REMYn dgﬂessé,ml@m BRaRifF sloW1y2A00 Hin)d6 héhidva ek
water. Start m xing room tenperature, again and

desired droplst sers 10i40 ﬁmsrtom)r Trrgster hask [)ig brakemirer 2RPARMS R b
emp{y‘-av@d'tertbgt‘ﬁ %Rln tal g Q%hrﬂ%&rfu%%ambi mp{#ar?ﬁ (SOMP@FJel&ﬁ‘z%d water

% ACetic Acid. Warm 40 grans Kat hon
wagadﬂvd ti@pfyosea c@epb With hﬁnlcmcan%toabsq%hq%hwld Rhasg ggparation of

ﬂﬁfdaﬁl'a&: tgag %%lbww{'a‘bls:ﬂxe\@(;ﬂ@tpl @(f]g& l'thd B?I{O]l-l gé»gltzg(h@ater up or

at'hon mul SI
dowit toi ashigve this rekedti Begiin @lowtoehngﬂlz beaécm;ymdmg@rf@m dce.cubes to the

f . - m i .
wal B0l &L a38 e iflid Rfme SRAE NI anBRPEl Actcdleal). Gontinue
slowl cool\iw'mﬁgqﬂ) (6&6]} mikerossppizadly agsin ¢ verdy ifaldcsethtidn tiipﬂvdtlselear

ob
wif i Sekiootbak o R SRAfe e RS crnp i bibp g
Ont ieutlr ahpdred 5 subSedhtied twailland ncﬂﬁ“é)sumﬂyrmér_ dbhﬁﬂiezeﬁlmg_ab es°a)pt
B A2 ST 3 i S B OB P
allﬁm@ﬂh@reabm 1o vl t@RloyEpdthiafee Debad R dinkes by M&@'dﬁ?ﬁdes settle
M. cr 0ScQpi Call:d}( Cont i nue sl ow cool in o 28C.

t
andsinspg Sy 00 apl| dgtonirsd watep Capsylesgpnbp 159%&%%%?%% br/éﬂtermg

andBdinlg) . S%rﬁ% AWoh'ﬂ 9RRRthS MR cokeMal |shdicﬁ{gﬂﬁhl“9&-ﬁ6§*th bottle to
I|tt|gefree ynmer. Continue slow cooling to 2

mix Kek,| ’Ebeav@s@Wé laad Quf198 apARer sawehin henghhdry ayemighe Ba# Sﬁﬁ‘ﬂted ina

free flowing powder with single (droplet) capsules as well as some aggregates. A third wall

can be added by filtering the twice-decanted slurry. The wet filter-cake is re-suspended in 25
grams of 3.75% EMA solution and 50 ml deionized water. Begin heating to 50°C and while
dripping in 3 grams Cymel 385 in 12 ml deionized water. At 50°C, drop-wise, add 10 grams
15% dihydrogen phosphate solution. Heat to 65°C and hold over night. Cool to room
temperature and adjust the pH to 7.0 with 45% Potassium Hydroxide solution. Filter, and
wash with deionized water. Spread out on a paper towel to dry. This resulted in a free

flowing powder with single (droplet) capsules as well as some aggregates.
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Continue cooling to 15C, at which tinme 10 granms of 25%
gl uteral dehyde is added. After adding nore ice, stir
overnight, allowing the reaction to warmto room
tenperature. Decant 2 times by letting capsul es

[o0g6t t ﬂ-I?vu?é’kﬂ:sérib@§ kHéganﬁJSh R AetafYlandl itk Rf&Bsb B EREfic advantages
Capsul es” can isolated at. this point by filterin

theggabit zvdhber@pirest thatanmerses pedificapoprare gossihle Withqus F‘@R?&R‘é from
th bottle to mx well. The

ﬂwéﬁﬂtmﬁﬁ@&k@ﬂﬁhﬁ%ﬁ?wgg@gﬂ%ﬁper towel to bench-dry
overnight. This resulted in a free fl owi ng powder with
S|Hﬂﬁ§1¥ﬂW§Eﬁé%) capsules as well as sone aggregates.
A second wall can be added by filtering the
tw ce-decanted slurry. The wet filter-cake is
re-suspended in 25 grans of 3.75% EMA sol ution and 50
m deionized water. Begin heating to 50C and while
dripping in 2 granms Uea and 0.2 grans resorcinol in
10 m deioni zed water. At 50C, drop-wi se, add 5 grans
37% For mal dehyde solution then 10 grans 15%
di hydr ogen phosphate solution. Heat to 55C and hol d
over night. Cool to roomtenperature and adjust the
pHto 7.0 with 45% Pot assi um Hydr oxi de sol uti on.
Filter, and wash with deionized water. Spread out on
a paper towel to dry. This resulted in a free flow ng
powder with single.(droplet) capsules as well as sone
aggregates. -16 EXAMPLE 10 Milti-shell m crocapsul es
conpri sing pol yurethane/ pol yurea, Gelatin/Gum Arabic
and nel am ne resin 100381 I na 1000 m beaker fitted
with an | ka-Wrks m xer and 4-bl ade turbine inpellor,
di ssolve 6 grans 300 bl oomgelatin and 6 granms spray
dried gumarabic in 240 m deionized water. Start
m xing at roomtenperature, again and heat to 80C with
stirring. 100391 Adjust the pHto clear the solution
with 10% NaOH (- pH 7). Adjust the pHto 4.1 wth 10%
Acetic Acid. Warm 40 grans Kathon 287T to 50-60C to
nmelt. Add 4 grans Desnondure CB-75 and mix well.
Transfer the Gelatin/Gum Arabic solution to a warm
bl ender jar and add the Kathon 287T solution. Emulsify
slowmy (-10 mn) to achieve the desired droplet size
(10-40 mcrons). Transfer back to the beaker-m xer
apparatus in an enpty water bath. Using a separatory
funnel, about 175 m warm (50-60C) deionized water
was added drop-wi se. Check with a m croscope to
observe liquid-liquid phase separation of a fluid
phase that partially waps the droplets. Adjust the
amount of deionized water up or

-18 -



down to achieve this result. Begin slow cooling the
beaker by adding a few ice cubes to the water bath.
At 35C, the fluid polyner phase should be observed
m croscopi cally. Continue slow cooling to 28C. Check
m croscopically again to verify if the solution is
nostly clear wth a noti cegsl e wall -formation and
little free polyner. Cont& %Iowcoolingto 25C.
One shoul d observe a substantial wall and no free
po%er Continue_cooling.to 15C at  which tinme 10
L gr l@ﬁe@wbredtb&cme&ewya%ng an igofhiagplongrhioride. g @ptifguling
agelPAs@ dofefmatdiidl En@Y&AAMN DR e wallFhdt &1 E}ﬁt fs R&sehRAG tith £ble to
warmto room tenperature. Decant tinmes bg lettin
miBe

xylengrpad frem which water orfaltwatersian dpagh th b@e@e o wall E@E?"al
wat er. Capsul es can be isolated at this point by
filtering and adding 1.5 grams Aerosil 972R to the

2. fi |Tl@nnler@k@caaw@tmm@ﬁgofchna IWheeeinthg isethiagplone inchidesyi x

Al \@?;ﬁ QOut on a paper towel to
45\t?24r}110rog %@ )h‘?‘h %1‘?“3 resulted in a free flow ng

povvder vvlth Si ngI e (dropl et) capsules as well as sone
n
“th gfh(%gﬁérggrac nattedub“% X rorf cla‘fxﬁ% g&%ret%g&g %agifnagéé'{?i gornltal a
doplamt-suspended in 25 grans of 3.75% EMA sol ution and 50
m dei oni zed water. Begin heating to 50C and while
dripping in 3 grans Cynel 385 in 12 ml dei oni zed
4. Wat'Hie.midioei@fsulatidtieciesdf clairtl G wWiHaregi thgsothizbotle ypdesogdm
hosP te .sol ution. ?ﬂﬁ t] 5C and hol d over night.
the ey dissQiveddp Apartialiy, wptst ptubleselvenlij ust the pH to 7.0
wi th 45% Pot assi um Hydroxi de solution. Filter, and
wash with deionized water, Spread out on a paper. to
5. t o Hheynicrppneapsulatad bioside of clim @ wherain thewal] H&&mgv g rﬁwtwn
pro&icﬂgféﬁﬂ}@%&t&am gsc.as wel | as sonme aggregates.
Havi ng described the invention in detail and
with reference to specific advantages thereof it wll
6. be 'ﬂn@@xﬂ& Eﬂca}%slﬁ?aﬁ:ed' BBV S 1aiR 9 IviHefedl O QA1 %{a%‘erﬁpﬁ;,%et}le&tmn
wi t hout ting from the spirit and scope of
proawtbfmm‘gnccfoanaiﬂehWhmsm;s claimed is: -18 CLAI I\/S 1. A
m croencapsul ated bi oci de conprising an isothiazol one
bi ocide or antifouling agent as a core materi al
7. enclipsitratredpsulatesl biwride afglagn B atheteirathe depastis @nlyvialyl alcohol.
i mpernmeable to xylene and from which water or
sal twater can | each the biocide fromthe wall
8. matBeindéroencZpsulbled bivcidead nlaims whete@dthd partaltiewattr olubiem 1
solv\ggte({iseshﬂest Pl%/altesr?rtl g‘r{ .'gr%(?uln Ofabo tC(HJ %eS%A and it incorporated into the core

in an amount of about 5 to about 25%.

9. The microencapsulated biocide of claim 8 wherein the solvent is an ester or an ether

or mixtures thereof.

10.  The microencapsulated biocide of claim 5 wherein the wall material is the reaction

product of polyvinyl alcohol, urea, resorcinol, and formaldehyde resin.
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4,5-di chl oro-2-n-octyl -3(2H)-i sot hi azol one. 3. The
m cr oencapsul ated bi ocide of claim2 wherein the wall
material contains a dopant. 4. The m croencapsul at ed
bi oci de of claim 3 wherein the isothiazolone is
11.Pr eBRMHicioBnecapdufat&biccidt Greind Sovlereimthp avatlingdtdrial isatdanl wall
sol ubl e solvent. 5. The qhé{genc%pggfated bi oci de of
miGgpcapspesnGiHding p ﬁ‘elaﬁ’én‘?/\gﬂ“ MalfEPEr AP Y& t he reacti on
product of polyvinyl alcohol and a phenolic. 6. The
m croencapsul at ed bi oci.de a erein the wa
12. rpt A FPMINE CRMPAFHION SQRIPTILIAE 2 E%tcme?f ‘H?’ '% ﬁ&%‘“"emapwlmd
bloéleé &adnqwgfageﬁfs tHe- miroerldaBsullitéd MGG i RURSEL dpe@TothPrising
claim3 wherein the dopant .i s polyvinyl alcoho

an lsothmméorm bwce@mfap%fewatg@csew@é isFacepRulited a97 oot aleaplin a wall

matteﬂﬁ tﬂﬁﬁstés?énhi(ﬂ})’ﬁ{p@ﬁneﬁgl% ltkbj()ﬂene%‘ﬂh YO witlbiS W eV &% 1420h the
water 1 n an arount of about 0.5 to 5% and it

isothisgeloweolrem 8 caprule- t he core in an anount of about 5 to
about 25% 9. The m croencapsul ated bi ocide of claim8

wherein the solvent is an ester or an ether or,
13.mi XEhercemposiemenficlaim 02 whssimthe isodircelpreinelndes 4p1-dichlgw-Hn-

n the wall material is the reaction
oct%l %%]Eiclgotﬁ@%lg )

yV|nyI al cohol , urea, resorcinol, and
fornaldehyde resin. -19 11. The m croencapsul at ed

v T Fpeie i R 8l S Bl Rk ol ™

|nner wal | . 12. A coating conposition conpr|3|ng a

f|| f ormer...or nder nd. m sul at
15,0 rePREOT TP AR O "PRETIE FOLRABRL HIBH 4 e Fo1E "o 2
pmﬁmghmmykbmgbagﬁaﬂ conpr|5|ng an i sot hi azol one bi oci de
or antifouling agent that is encapsulated as a core

material in a wall material that is essentially

16.1 "PRHeEBABb$tidrnCo /e NEwREEin oAk AtEHal the Fealtidh préductiof
the isothiazolone fromthe capsule. 13. The

polyemyl kel gpd e Phesolis 8512 wher ei n the i sot hi azol one
i ncl udes 4, 5-di chl oro-2-n- octyl-3(2H)-i sot hi azol one.

14. The conposition of claim 13 wherein the wall
17. et Breicampestnredfislein 18 abassin tha wall materislisfggractigmpigfuct of an

mnﬁh%hﬂh%%ﬁ%@?&ﬁin the isothiazolone is present in the
core wth a

18.  The composition of claim 14 wherein the dopant is polyvinyl alcohol.

19.  The composition of claim 15 wherein the partially water soluble solvent dissolves in
water in an amount of about 0.5 to 5% and is incorporated into the core in an amount of

about 5 to about 25%.

20.  The composition of claim 19 wherein the solvent is an ester or ether or mixtures
thereof.
21.  The composition of claim 15 wherein the wall material is the reaction product of

polyvinyl alcohol, urea, resorcinol, and formaldehyde resin.
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partially water soluble solvent. 16. The conposition
of claim15 wherein the wall material is the reaction
product of polyvinyl alcohol and a phenolic resin.
17. The conposition of claim15 wherein the wall
material is the reaction product of an am no
formal dehyde resin. 18. The conpositiaon f C
22.wh eFhsicamppitianap gleim 13 WES‘S'ICWPWP BekegAdF 2 ‘i Waﬁﬁ‘é“’mc‘"‘l’s“le
W?h%in@%ﬂal&hﬁeﬁhﬁév&ﬁher ein the partially water
sol ubl e sol vent dissolves in water in an anount of
about 0.5 to 5% and is incorporated into the core in
3.aN AIURLSon @Qﬁ ith 12 wherefié/Eontpodhion & mariR paint.
conp05|t on of claim 19 wherein the solvent is an
ester or ether or mxtures thereof 21. The
24.C OTARohbR8icH of el 3 o erkf BfcClfbpblifod Bt 21 1
the reaction pro duct” o yV| cohol , " urea,
resorC|noI and fornaldehyde reS|n -20 22. The
co 03|t|on s a
25. dud ™ gmrzri]tegiraloxgéalﬁ%l% &ﬁmﬁ@&\rc sﬁlateﬁ% (}a@%ie ﬁgﬂpﬁ rr%?{ dehyde
1sot|hhlaﬁbneﬂﬁbdxde BA coﬂéfmatcmni'pwpiuﬂm iofa V@maﬂml’l?i thahis p@qentlally

P RTRRIHS B TR 5B Bl R LG IAR A P

wallatefialc oof i ng material including a n1croencapsu|ated
bi oci de conprising an isothiazolone biocide as a core
mat eri al encapsulated in a wall material that is
essentially inperneable to xylene and from which
wat er or saltwater can | each the biocide fromthe
wal | material. 21 _
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