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MICROENCAPSULATION OF BIOCIDES AND ANTIFOULING AGENTS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of Provisional Patent Application

No. 60/609,741 filed September 14, 2004.

FIELD OF THE INVENTION

[0002] The present invention relates to microencapsulated compositions of

isothiazolone derivatives useful as biocides or antifouling agents. In particular, the

present invention relates to microencapsulated (4,5-dichloro-2-n-octyl-3 (2H)-

isothiazolone), and using the microcapsules in marine antifouling coatings and paints.

BACKGROUND OF THE INVENTION

[0003] The present invention relates generally to the microencapsulation of -
' (4,5-dichloro-2-n-octyl-3(2H)-isothiazolone (DCOIT), a biocide product available from

Rohm and Haas Company and analogues and derivatives thereof. Marine coating and

paint manufacturers customarily add biocides to the paint to prevent or inhibit unwanted

infestation of the films by microorganisms, e.g., fungi, such as molds and yeasts, and

also by bacteria, algae, and cyanobacteria (so-called "soft fouling") when these paints

are applied on a vessel or underwater structure such as a pier. They have also been

effective in some cases in preventing the growth of barnacles, tube worms, and the like

(so-called "hard fouling").

[0004] One biocide that has been investigated for use in marine paints and coatings to
prevent or control soft fouling and hard fouling is DCOIT. However, the solubility of
DCOIT is low in seawater and high in xylene. These properties have led paint

manufacturers desiring to add DCOIT to marine paints to consider encapsulating
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[ 0003] The present invention relates generally to the m croencapsul ati on of
(4,5-dichloro-2-n-octyl-3(2H)-isothiazolone (DCOT), a biocide product
avai |l abl e from Rohm and Haas Conpany and anal ogues and derivatives thereof
Marine coating and paint manufacturers custonmarily add biocides to the
paint to prevent or inhibit unwanted infestation of the filnms by

m cr oorgani sns, e.g., fungi, such as nolds and yeasts, and al so by
bacteria, algae, and cyanobacteria (so-called "soft fouling") when these
paints are applied on a vessel or underwater structure such as a pier. They
have al so been effective in sone cases in preventing the growh of

bar nacl es}RCt g%r@%dgﬁora@dhqntopg%*@ﬁxgsﬁ ODééll'f ﬁﬂcfé)%ﬁﬁ’ieg e hehéXn i thE 00041 One

bi oci de tha I nves use In narrne paints and coatings to
prevent oart buinthe clpsed tepbrad in tige Itadtunatoddatohdvie ngt been BESkaTiorHoA®ver , t he

solubility of Tis lowin seawater and high .i eng. T properties
have | ed %@me?%gﬁm Elaa S S(?B’sefl?‘:?r 5% rg&&n%w{% m%ﬁer%é’:@@? nts to
consi der &Paaéssa% adsbiitehily RebtrinchBIe t RElerd) eeadCOIT inay QeakBh sTehPedphiles DCO T
m crocapsules are known in the art but the capsules reported in the

i t er at urandireactizith themainthinderse his ey euse VISP FRArCASSARBFEA RYMene is a
common s : [ : pgg}n s are
essenti aﬁo};&lﬂ%%geﬁrsﬁg%ﬁ%é?gr@ g%gs,e t%%&wgﬁﬁénéggﬁl ut {fgg&fﬁgﬁ egapsul es
and r eactmisrdchpdultesis pad permbabieltrwatelT ieDTRIT maybe leacledasiay yromibe eases i n
certain paint.fornul ationg or.t DCA T. cause undesi,rabl.e. pl astici zi ng
of the pé?afﬂqtbfr}dgm%ﬁ?y ?‘%éa?ﬁ %Eﬁﬁéﬁ?@ﬂeﬁ%‘g@%@ﬁs%&“@%g\mﬁr, the DCO T
may be | eagiesy aldvorkifshi Rfodadrita figdede its SE0IcE live. ahécetdiidle thata fil mis
applied rendering the paint vulnerable to attack by m c¢croorganisnms at too

early a seadfriimproved ergapsulated DLOIT spmpptions which preyide inscan Yf or

i mpr oved 1 ‘?1%@“& S thl ARSindBi G nBlepli de in-can stability and
yet graduaglpﬁ’gpégé‘%ggeet e le%?gP?n the rrgri ne en\?lﬁronment. SUMVARY OF

| NVENTI ON [ 0005] Because DCOT is an oily material wth very low solubility
in water that is liquid at tS&M]MSG@SU‘é{EI‘ém about 40C, certain

enbodi nents of the invention utilize m croencapsul ati on processes based

upon oi | _[b&ﬂ\ﬂtﬁca&%(ﬁbﬁrﬁs a §fl§ Hterial with very low solubility in water that is
liquid at temperatures at above about 40°C, certain embodiments of the invention utilize

microencapsulation processes based upon oil-in-water emulsion systems.

[0006] In a further embodiment, the microcapsule shell or wall material is designed to
be essentially impermeable to xylene. This affords good "in-can" stability, and reduces
the tendency for the DCOIT to leach from the capsules and interact with or plasticize
the paint binders in the dried marine film. The microcapsule shell should also be
permeable to seawater. To achieve a good release rate of the microencapsulated
DCOIT, the shell materials should be inherently hydrophilic such that they gradually
release DCOIT to the surface of the marine coating in the presence of water and more
particularly saltwater. In another embodiment of the invention, to enhance saltwater
release, certain miscible organic solvents having partial water solubility are

encapsulated with the DCOIT, to enhance the rate with which DCOIT is released from
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[0006] In a further enbodi nment, the mcrocapsule shell or wall material is
designed to be essentially inperneable to xylene. This affords good
"in-can" stability, and reduces the tendency for the DCOT to | each from
the capsules and interact with or plasticize the paint binders in the dried
marine film The m crocapsul e shell should al so be perneable to seawater.
To achieve a good release rate of the m croencapsul ated DCO T, the shell

mat erial s should be inherently hydrophilic such that they gradually rel ease
DCOT to the surface of the marine coating in the presence of water and
nore particularly saltwater. In another enbodi nent of the invention, to
enhance s : I j LG LYaLS ing parti al
wat er sol %%I I %Is%g{reg. E‘%@g’ﬁsﬁﬁg’?%%%ﬁ%’ﬁée&%&gn t%éﬁﬁrﬁ’ nlci:y?b'%lﬁleé rate with
whi ch DCQinf glycot ethetzasetatesy andisdbutyl fsobutyiate seatberused to fommissitho BICAIHRt s

sol vents .suc s di basi.c esters, polyglycols and glycol ether acetates, and
i sobut yl @g%‘gﬁ?%?%su%gﬂn'be used to formmscible DCOT bl ends for
encapsul ati on. 10007] Wil e the discussion herein addresses the

encapsul a000T] oWhiDEtHe Qiscutsisicheddih latldrdssenthe leacapsilation of D@OHYHioze t hat ot her
derivativ nd anal ogues of DCO T and.cqnbi ngtiqns th f with other

bi oci des @@@dn%a& §%%‘4’?(§‘3éi°ﬁ‘e eryaliy s qng An %‘i?ér"?bﬁz)lgép i cul ar,

ot her hydiibifibss thefbMvRk StHRPBRc1ABY M bOWOUREET hetdth DA bitildr fnfnidr., | €SS
than 2% and nore particularly |less than 1%in water at roomtenperature)
such as Znpegicylar, tirrhydrophatiaisethingelopey lpyinglew yeaterisglubitated. dess (BI T) and
their al ri i . Qr. | ion with
one. anot Ha 57 B bR LR SRRT PR T8 ol oBcfibelabe Y AR 7

DESCRI PTIdctyl-G2H)Nyéthiblelbdhe (QIA) 8hd b¥a@isdthizanlones @ITppsitheit elityl n a nunber of
wal | mat g{ei.al s to provide | ene in-can stabil i%ﬁ/ and B’I% gr vi de sust ai ned
rel ease nf’ﬁ@’eﬁfﬂ be qHsH QREST iSRRI, Wil ong gRoferer Qi of

sal t wat erpiocided uginP did teAdhiik hepgapdi ment of the invention, the mcrocapsul es
are able to limt the rel ease of the encapsulated DCOT to | ess than 10%
and preferably less than 5% in xylene at roomtenperature for 90 days. In

ot her enbodi nents, thepryhenNED DERTRPTLONIOY INGENTRONt hat | ess than 10% and
preferably | ess than 5% of DCOT is rel eased at 45C over 90 days.

[0008] DCOIT can be encapsulated in a number of wall materials to provide xylene
in-can stability and to provide sustained release of the DCOIT upon exposure to water
(i.e., natural water or saltwater). In a particular embodiment of the invention, the
microcapsules are able to limit the release of the encapsulated DCOIT to less than 10%
and preferably less than 5% in xylene at room temperature for 90 days. In other
embodiments, the xylene impermeability is such that less than 10% and preferably less

than 5% of DCOIT is released at 45°C over 90 days.

[0009] In accordance with an embodiment of the invention a microcapsule having a
wall formed from a hydrolyzed polyvinyl alcohol and phenolic resin is used for this
purpose. In the case of microcapsules formed using partially hydrolyzed PVA, the
hydrophilic character of the capsule shell can be adjusted by varying the amount of
partially hydrolyzed PVA that is incorporated in the wall. In one embodiment, the
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[ 0009] In accordance with an enbodi nent of the invention a m crocapsule
having a wall formed from a hydrol yzed pol yvi nyl al cohol and phenolic resin
is used for this purpose. In the case of mcrocapsules forned using
partially hydrolyzed PVA, the hydrophilic character of the capsule shell
can be adjusted by varying the anount of partially hydrolyzed PVA that is

incorporated in the wall. In one enbodinent, the partially hydrolyzed
pol yvi nyl al cohol and the phenolic resin conponents (e.g.,
ur ear esorci nol -fornmal dehyde) are incorporated into the capsule shell in the

anount of about 4 to about 8 parts by weight partially hydrolyzed PVA and
about 20 : J | ] i dipeg for making
C¢a9ua3 @@f&lﬁee B\?\gﬂdyﬁaﬁﬁﬁﬂ Bnd gﬁgh@mﬁriégﬁk BdrhShets 05 £ IHEE:

t hese m crocapsules iIs nown in | art andls.lllustrafedin Exanpl e
1. As il Insireciaolefdnaldelyids) ax areptporatedingy e eapsulelsbelDOGhT athpenhof ekaati ng wit h

th [ teri h T 1 i A I t

Subst 1t utbg Pus by Sl TR PP AR Aot 206 D MR aIRHSR, 55,5,
r oVt des yary o e e T e e oy oo, b tonds o be

t 00 | nper%ﬁ%?@ii_sﬁu‘éggé(ﬁﬂti%ﬁ?‘wlﬁﬂoﬁsd u @3%%& fapiple, & eyt He in

convent | QeI AL M BSBASS hia B, BRBCOAUBGIRIRY BRI 21 ng ¢ he

shel | thickness, a nce of the desired properties of the m crocapsul es
can be achluentetch 4sp shetituiet atimmsigtsolyknttlike SgvSedkdnfrorn iNissekii Chemiegbnt r ol  of
m crocapsul e shell thickness by particle size distribution and

shel | -t o- ratl o ! Yol i tfed rel ease
char act e S o A #BeTBHAAYUE RyctblapdRt 00, ROh B T de e o = 21

am nour eahélbprosdddeburd etableahicraeyssitasimpérenchlde ¢grekyleved, but tbandskobs®oi s about 0.1
to about .0.2 m ron,. or t he shel | t‘g .corfg ratio is about.0.03/1 to 0.05/ 1
by wei ghtMBEHSARE MRy SGYateh e pravde eapd iotisaskLordise ThepPSGIOR™Y capsul e si ze
di stri butah@RuiBh©pdints. 1[HAObddn Band fhat byoftivdrial YeatelPiAcndsic b balasceas a dopant
in the am no-urea forml dehyde wall. 1n _accordance with one enbodi nent of

t he i nveithd dasirethpraperties ofdhe mieracapsulpeean;bs aghieyed: dp eaeembodimepi i ithsor at ed in
the tnic Al 1l | 3 01 the DCO T
fr om t he PLaaD o Rt et SFHIERERINAbicklles By pARLRE sitebiofBERT (= b che
ani no- ur ead §lwllrelcdehypties cotdensatiffomon paforanrcean dustaingbrelegstr ophi | i ¢ def ect s

in the mgrocapsule wall to.facilitate the di ikqn of the DCOT.

Repr esen f:g?r'f‘%g%z&aﬁb?%ese%@%%ﬁﬁ &rgmm%?a@a@gteg ﬁmaﬁda?{]danf WY nydrol yzed

PVAs, hy dreaxpheilishyae khdlll sysiem, e dargutipdl Diajokaess i1 4boae). 1 netabyit@ed | ul ose,
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.

[0011] Partially hydrolyzed PVA functions as a dopant in the amino-urea
formaldehyde wall. In accordance with one embodiment of the invention an agent
referred to herein as a "dopant” is incorporated in the microcapsule wall to enhance the
ability of water to leach the DCOIT from the capsule. According to one theory, the
dopant interferes with the amino-urea-formaldehyde condensation reaction and cause
hydrophilic defects in the microcapsule wall to facilitate the diffusion of the DCOIT.
Representative examples of dopants include: partially and fully hydrolyzed PVAs,
hydroxylethylcellulose, hydroxypropylcellulose, methylcellulose,
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hydr oxyet hyl net hyl cel | ul ose, hydr oxypropyl net hyl cel | ul ose,

hyr oxybut yl met hyl cel | ul ose, et hyl hydroxyet hyl cel | ul ose and pol yet hyl ene
glycols. Wiile the amount of dopant used will vary with the nature and

t hi ckness of the wall, in a particular enbodi nent the dopants are
incorporated into the wall in an anmount of about 2 to about 10% by wei ght
based upon the weight of the wall materials. For capsul es having thick
wal I s, the amount of required dopant is expected to be nore than the
effective amount for thinner wall capsules. [0012] In order to enhance
natural water or saltwater release or extraction of the DCOT, in one

enbodi ne i i ?ﬁgp i ] ith a partially water

m sci bl eﬁ@gf{%@ﬁ%ﬁﬁ%@@%@g@ a }l\l/\ﬂlae'?hg)rieeﬁlﬁ%(sﬁl’mbl e sol vents include

est er s argyraxtybhetytmethylcellnbose, gilaylhydrok wethyjcelldlosasidpadetiaiencglysolsas di met hyl
adi pat e, .a.blend of. diisobutyl. adi di i sob l,. gl ut.ar at d

di i sobut y‘%‘%ﬁ@éiaﬁgﬁt of P@ﬁ Iugs/eé%%lllya{}é%g‘h%&%“ﬁf’ %‘g{}%&’%g r&%g ‘%@é ate.

M sci bl e [Qfag@oulds embbiiaithbthe Avpdits Adlidofdoraed @ifo e walliih bk ymbimtiofie range of

approximately 0.5 to 5% in water are used in one egﬁodi msi]t of the
i nvent i orgboutiZetoghptrl OYabyweight based ypandhe welehbel the yajl anaigialsa fospsol ute 1i it

but refleg sﬁlés'hgﬁg'gfrmabgaﬁghﬁ%ﬁoﬁﬁoﬁgﬁrﬁégg%&w&t@d td Be B tRRVE into

t he continuous e and not remain w T'to enhance its water
| eachabi lthe gffechivgmdbait fontlyinhgrdwvapédpkiles.sol vent's, for exanpl e, havi ng
boi ling points above 175C are desirable to use. |If the boiling point of
this ol Y61 | 3o bRRr l dhalddSar@h ek drSatflhdidd bidhde o 8k liBh Br i@ L he

m crocapsul'é'during thé capsul'e drying operation. In a particular
enbodi MemMCOIE ihéigheibodimént bfthe dmientibh, thaBCOIT i raidied wéthsalavtéablly wager

i ncorporated into the core ip an amunt. of abput, 5 to, about 50% and in
ot her entysiblE ﬁ?lé’elitn%éﬁmﬁlﬁﬁﬁ arfigl Vé?ﬁ?fdfusilglet%ﬁ’f%t%’@‘qmtﬁﬁtangﬁé&f upon t he
vei ght Ofan@,hﬁor@(ﬁgti-gula%lg)ﬂﬁ@ﬂsidc' é%fe?@éﬂ%h%ﬁ%fﬂtm B8ipatd, Slusblentbdfidisotsuggasul e has

been used. Ina‘%articu ar a dual encapsul ati'on process with a first

i nt er f aciadipateaditsabetylgliarats andediispbetylwrsingte, nohelyet BridOgand ghicol

PVA- ur ea- i - gh:ut-ar Y. i : L re -5-

detai | | SUES Earafls: SR AR AR ot Re AR Scl il h O kT

because iof agprasiindtedy @5 ft@5Y6eh chabey dee dseé @ precthleddimdéan ofifhsuhantion Based on

PVA- URG or acrylic alone typi.cal.ly results in.guite.]| . sules that are

di 111 cul £PRSS Fge0 dbe ‘é(%te’as%‘&}\ﬁ‘éfﬂ? X?—?&ﬁgé‘?l?te&ﬁ%?%r%cﬁﬁ@{fﬁﬁgS@é’?‘z‘rrs to

f or m hybid forearss selubleett Infaytasvy igfotthé e6htinlogh phabd £ rok esmatapatiliee powder s.
DCOIT to enhance its water leachability. High boiling hydrophilic solvents, for

example, having boiling points above 175°C are desirable to use. If the boiling point of
this solvent is too low, the solvent is difficult to retain in the microcapsule during the
capsule drying operation. In a particular embodiment the higher boiling partially water
miscible solvent is incorporated into the core in an amount of about 5 to about 50% and
in other embodiments in an amount of about 10 to 25% by weight based upon the

weight of the DCOIT.

[0013] Insome 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 PVA-urea-resorcinol-gluteraldehyde can be used as illustrated in more
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[ 0014] Anot her enbodi nent of the present invention, uses a dual

encapsul ation process with a first interfacial capsule wall of acrylic

pol ymer and PVA- urearesorci nol - formal dehyde(URF) polyner is illustrated in
Exanple 4. In still another enbodi nent of the present invention, dual wall
m crocapsul es are formed conprising a first wall that is an interfacial
reacti on product of an aromatic polyi socyanate, a second wall of

PVA- ur ea-resor ci nol - f or mal dehyde( URF) condensation polyner is illustrated
in Exanple 5. OQther mcrocapsule wall systens that can be used in other
enbodi nents of the present invention i nclude an MF shell capsule further

re- encaps&% Al e?ﬁ%ﬂ&)ﬁb PVAIRRA PVAGQIR st i§ Q@Jahtag@&t%%'e@élse it

re- encapsu PVA- urea-tesorcl noI glut eral dehyde pol yner (Exanpl e
7); a PVAprURﬁesmﬁnhmaldalpjsi@Iﬁxerpeocbmt; a‘@maparﬂ?émn\h\aseld oarP\WLB?c@oemyhca
hydrophlllc shel | |5|n atin- mara S, 086 dol bS] sheII and a
over coat %? %PS?H% %%%5‘8" ca]pg%l?sn 8trarfé9\5ﬁ Lg tPégcov &pofwoflfral dehyde
condensatm@\memlcwﬁmnnﬁ@amwb efistématadod) hylritDckphul&lgpils Hangsilied ildg  wal |
systens, the M- provides significant inprovenent in xylene stability while
t he PVA- Urge fgw papsulgmevdens! provi des additional hydrophilicity in the shell
to facilitate diffusion of the DCOT in an aqueous environnent. The dual
wal | systigpl qroxﬁdiﬁ‘e%eﬁfwhﬁneﬁmﬁgms&rﬁuweau@ﬂ zlsescaa&ﬁué&agl@lmﬁ during paint
formul ation and spray application to ship hulls. The ultimate shell
char act erprgctqswnh@rﬁrw@tﬁr&@@l@pmmﬂw@homulm mlﬁn%rcqnﬂé’\)’e“duwy adj usting the
t hi cknes C e stability
and di ffargé%fécnlh@?()%déﬁ n se lgﬂfgtg#%{ﬂﬁaﬁl e]?lsgr%bag%(fhﬁrnent of the
:) n\{e nt i ornmuoklﬁnmaf the pse;éntﬁﬂen?m,aﬂamml enbrocapwle?m fc(rmeg \c/ompn?arlsg dhan about
m crao and _t hen further sul at.e a wa S
descr 1 bed sttt s s G il Gaptien BoRue ot o goudHc BAVRARRRN FFRM | he sas
310 may Redll PR SesofcihoILfobhE el Yadoh@éhsatonYb1he 1PN istelited Fy st em
since the ME wal | &ﬁevents t he DCOIT romreacting with the wall
conponentixamplas  Other micaepspswWowalh systeres dat sanbe ased m athspgmppdinpaisiof to be
encapsul h i ‘dlé ?ﬂg e affords a
nor e cos'iHl egéir]g géégk {ﬁ&gﬁtg)&lngﬁﬁdg C%}%Ps eﬁ stuleﬁfem%é}]rr\él%gh y %ﬁigﬁ {hﬁlé\gél bl e
sol vent GRF (Hxatriptes®); aroMieshal eabsules e-tivepGEEdiwith PYidhameserepatiopl-

ot 1 - sna B Rebr s LESaRI 1y At  Rl Rronk BElEa¥ , ¢ e

react i on MF pRidesd| @Hydrbﬂun@&neus:@ﬁm@;@g @elatin-$08CHgbiS Aed firsofhelehati n- gum
arabic and a third overcoat capsule wall of nel am ne-f ormal dehyde resin

( Exanpl eoygyoatvﬁelemwow&ebyﬁwsm§bé%§?@f@é@ lformalgeviar abi c/ MF is j ust
anot her pTa]a ¥ o) Apod e wal | perneability in an aqueous

envi ronrrgﬁ{1 gahe Ps%g{ gﬁite gel atin |nterface reduces premature diffiision
of the DCOT in the xyI ene-based paints. The interfacial reaction of

pol yi socy¥Hal e Reaardmgjthm@qal wiall\aystems, ee MYpromfesignifiepas ingprovaesnt et hod of

m cr oenc U!Rﬁ*t rPf,,% hane or pol yurea
f ormed bggﬁ%ﬁéeﬁéﬂélg@tl on o ei soogyana@%\%ék%f(ﬁfldeg%k&g?&% pol yanm ne

pr ovi des hadropliticity irthd slteﬁtthﬂcﬂitaﬂe diffgsiconvofithie DERH Tl lire ars sq@lebtis ty in the xyl ene

based MAF ai nts. 00 8] |In accordance with o enbadi. ment

i nvent i oﬁn é&’ﬁLWF@yS&%moaldgéswtﬁengﬁ by PP caggﬂﬁggaagen spray
appl i cat jg ﬁeﬁ'ﬂlféﬁmﬂéﬂ)ﬂeﬁﬁ@ spRbta ?fméih&ﬁ[dé}ﬁ!ﬁhﬂ[s afhetutma6therie i ngredient in
the paint fi I n one enbodi nén he capsul e size range i s about 5

M crons Phﬁr@%@mlcﬂf@r riieroerrspsudated WT@W%VP@b&%HW% the ticknesstd about 20
m crons. 4 t%% %ﬁ%&t&lﬂal?{o deRsa B 'bgl%h& of KPR ¥RBIY b &FRLibEbr PROTHES such as

| ess t han
seawater.
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[ 0019] The m crocapsul es are usually dried before incorporating theminto
the paint formulation. Any conventional process for drying m crocapsul es

i ncludi ng spray drying can be used for this purpose. However, for certain
wat er - based paints, it will in sone cases be possible to incorporate the
m crocapsul es into the paint without drying. [0020] In accordance with an
enbodi nent of this invention, the encapsul ated biocide is conbined with a
filmfornmer or binder such as the filmfornmers and binders that have been
proposed for use in marine paints, gel coats and the like (e.g., natural or
synthetic resin or rosin binders) to provide coating conpositions. In one
ertbod! Tentogdty, ol &b @fent TR v AMLh! BUDCIITAZKA! ofAPRASLL NS Can D
pr epar ed h paints can be prepare I ncorporating m crocapsul es
descr i bedthirefesy., rless rham dbloet (phnn¢ron)rM§wvaé]|mmd1ﬁ1em father encepdfuldted isratPMA | npart

the desired, antifqul.i r.0 rtle Suc an .he readi det er m ned
enpi ri cal V" 1 ‘5 O‘%e aggY‘{) I@E}“Fﬁasf: #ﬁ ﬁlS'Ftlﬂﬁtflﬁgggémts reported
in the |ijgy ﬁ&ﬂﬂe%e&ék%y%ﬁh&&%pﬂula{ﬂﬁh%lﬂ m&ypmm Bystda@ bihcdtht BI50% by
wei ght, or 1n other cases about 10 to 25 | ene or anot her

sol vent bwalkpredeisithe QT @@wwtlmwghﬁhezwﬁicqr@mnﬁafﬁeT s, friadedl ci ze the
resin bin 0% or in
ot her caséehgg%sggdgtg Héﬁ’%@ss a§8§})gﬁe®c gmece{rjlg gglsa&g% gi;ub@g%\gﬁm% %%8154 (% 0 6%
by wei ghtoﬁsblvnnﬁmdphexefor&fﬁxds memachofsu éfectx@pmdmitl Of couree, ithegradithillynt s wer e

t hor oughl y m xed. ol ] ows: 200 ion.is introduced
nto s t I HE el Reb R rras o b set waR PO R PR 100 m - ( bul k
vol une) gkadhbkisify. beads with a di arreter of 2-3 mm The container is then
shaken for 45 minutes on a nechani cal shaker. The final paint conposition

is separated fromthe glass beads by filtration, The m croencapsul ated
poa T bi JOPEA (18 orlﬁe’atbgéngfﬁe%f P! tpRPRiton, Rl e ovi de t he

mari ne antohfyPidink ragnﬁémtﬂr&wmm ﬁ%@edéﬁéﬁ 6€5h 4r8m8tic ptPRMyamats,@ 10% by
wei ght). The ampunt required will be a function of the rate at ‘whi ch the

DCO T i s seecndtshell ﬁffgﬁhattnk@m’ﬁl@b@@aé&ﬁmovqrwawa@W&Qf@lﬂiammhe capsul es
are adde t B X Wi | m [0021]
G her ap%f’ffng%@hg e?{ﬁ (ES( crgceimapsafg}tﬁelgy DCA s%aﬂﬁ%g%ﬁrgg Isﬂe as a

cont r ol | eabi€&MFas @sbamhaﬂmdthodl dtcentralingtdpstiasedl pramoatslitgriol ac apteduys,
adhesi ves, seal ant caul ks stic nd tchin t al s ui | di ng

Tt or | a1 SIvEGER g T SaRaRE SSHEh Mg e et SELSOR g Prer
conposi t gScoPRR’he Qfl&feeﬁa%b@ﬁaln@a}?ﬁé uﬁ&ﬁcldﬂ%ctl&p%oﬂ)ﬁ kavedd inON,  cool i ng
water towers, netal workin | uids, and as a general preservative.

Addi t i on&pwnctmwn&x ﬂlné?Veﬁ smmﬁew&;eﬁrrﬁ iof mieepicapAdRtigses xyl ene
based paiggegyr. t fgﬁlﬁ?&ﬂﬂe%ﬁgz %ﬁ&%ﬁ% ?éa@u tﬁé so be
| ng SO vent

useful in provi I"'stance and’i n-can st |ty pai nts
based on ismchrateswitly thetPy/ A achpelg@nde poovitles Gn ldditined bamier ﬁ)rsmpmvfngc ally G5

to C 7 ketones .9., ethyl .is | ketone (MLBK), isoanyl nethyl ketone,
hexanone,ca}ésf@.ﬁta,(b%&?iﬂ%Xg%ﬁbﬁﬁegwg?mﬁore specifically C4 to C6

al cohol s (e.g., n-butanol and 2-butoxy ethanol); C5 to C50 aliphatic and
aromat i c [6018] O(Iﬁlﬁcb:eft&ncé’mftboﬁ@ﬁﬁbddlmaﬂlﬂqftlﬁﬁn@ﬁlohytﬂé aterobapssieand still nore
speci ficall C19 hydr car bqns % 8 etroleum spjrits, ethyl benzene,
and tri msk ?1-6‘11 %gﬁ%war eréﬂ P35 1 &P Y 8PRlisat ansind do prox ibeftSer s such as

phosphat @;g#@iba o a8l R BLlelieRShSpaint film. In one embodiment, the capsule

size range is about 5 microns to about 40 microns, and more typically about 5 microns

st
-

to about 20 microns. Distribution of the biocide improves with smaller capsules such as
less than 10 microns.
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[0022] In accordance with another enbodi nent of the invention, a

conbi nation of two or nore m crocapsuks can be used which rel ease the

bi ocide at different rates, for exanple, one mcrocapsule may be used that
rel eases the biocide after or over a short time period and anot her

m crocapsul e(s) mght be used that rel eases the biocide after or over a
sonewhat | onger tine. These nkrocapsul es may be nmade of different wall
materials or different wall thicknesses in accordance wth other

enbodi ments of the invention. [0023] The present invention is further
illustrated by the follow ng non-limting exanples. EXAMPLE 1

M cr oencagpyhRt RN, 0Bl bre BsblPRG BofetboRl At th9h YRS thelJaldient - 9-
formulation. Any conventional process for drying microcapsules including spray
drying can be used for this purpose. However, for certain water-based paints, it will in

some cases be possible to incorporate the microcapsules into the paint without drying.

[0020] In accordance with an embodiment of this invention, the encapsulated biocide
is combined with a film former or binder such as the film formers and binders that have
been proposed for use in marine paints, gel coats and the like (e.g., natural or synthetic
resin or rosin binders) to provide coating compositions. In one embodiment of the
invention, marine antifouling paint compositions can be prepared. Such paints can be
prepared by incorporating the microcapsules described herein into the paint in an
amount that is sufficient to impart the desired antifouling properties. Such amounts can
be readily determined empirically by those skilled in the art. Examples of marine paints
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: 200 ml of the paint composition is
introduced into a tight metallic container of 0.5L capacity together with 100 ml (bulk
volume) of glass beads with a diameter of 2-3 mm. The container is then shaken for 45
minutes on a mechanical shaker. The final paint composition is separated from the
glass beads by filtration. The microencapsulated DCOIT biocide is incorporated in the
paint in an amount to provide the marine antifouling properties that are desired (e.g.,
about 3 to 10% by weight). The amount required will be a function of the rate at which
the DCOIT is leached from the microcapsules. In one embodiment, the capsules are

added in an amount to provide about 2% DCOIT in the dry film.
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[ 0024] An aqueous phase was prepared consisting of 160 grans each of a 5%
strengt h aqueous sol utions of polyvinyl alcohol, Vinol 540 and Vi nol 125
(both manufactured by Air Products) and 300 grans of water. The aqueous
phase is heated to 40C. [0025] The core material is prepared as a m xture
of 100 grans of Kathon 287T (97% nmanufactured by Rohm and Haas and 100
grans of a substituted aromatic solvent, SAS 310 nmanufactured by N sseki
Chem cal and heated to 40C. The aqueous phase and the core material are
added to a 1-quart Waring Blender jar and the slurry is emulsified at
noder ate speed for about 15 mnutes to produce an oil-in-water enul sion of
droplets | hensi . i | sion is
transfer r@gzﬂo %ﬁl&?%p glgér}g) %g({{grﬁ pl%%ceai)gfl%}rg? %dsﬁgﬁgﬁf‘i}“‘%?sf gtmgd using a

t ur bi ne icopabllal relvhsd loaide intlatex bnojl-bised peintseme icoatmgs tadhésives, s¢@lants,A sol uti on

of 4 grans of urea and 10 gramps. of, r.esorcinol. in 60 grang._ of ter is
sl ovwg a&?&@stla ifan H”i‘ffl:lé'f‘gﬁl.a{gsﬂa oﬁ"ﬂﬁ?ﬁfn%t?nﬁls’df’%t?ﬁg r@%‘ﬁﬁ%?ﬁ‘%‘:&l ate in 30
grans of Jpaofds, %,@S@y, Bk Bbinyo _gl,qﬁpérqyé&dggsiﬁg,@@ef codlings,Opood se fashion. A

30 m 37% f or nal dehyde solution is added drop-w se followed 10 m nutes

| ater by nrerereadiantcopkingwatptopersometel workiag fluids,iand axs gensHl presevaBeer a
5-mnute T ki : fURhe BRRYbaiAREmBOUr a

sol ution ‘g(?‘{lﬁ&%n&\pﬁ%e:%?a%&bs%%?%s m%(l)#gpagg%ggsegf S’ma%gr a?l)?jl 20 M of 37%
f or mal dehydepsaiationticldgicsidestribed betdiadnajr - b wseful Fprgvidimigisolvert may be

di vided, w.th hal f.added,i 5 mnutes.fol Jowed by a . 15-4m pu hol d peri od
prior to "SRG Wﬂ@'%@@g%&ﬂﬁi?rfpm%léasﬁ%ﬁ? O{hgf Sé)ﬁivegﬁgpﬁ%%ds%?ou{:%g n like the

pr oceedi N@tdngs, MtHE SbecHichiNECS3 /C-Y kefonb(@.g5,an@hflasdbugdketdie(MIBK)Y y i s heat ed
to 55C and allowed to stir for 16 hours. The m crocapsul e slurry is cool ed

to anbi ertoamykpthyl ketenca herappPnoadicus teldioro 16 alsobls mepre oty lllﬁf%;%r oxi de
sol ution.c Ehe BhiY géo%’ h—%ufaﬁ@lrhnﬁ '2'—61'.&&% é%eﬁ@l&}"@lﬁﬁ A56la3iHait ARParbdhfi@ a 125 -

150um sieve to re e encapsulated air and any debris. The slurry is set
asi de t o hytitocarboims murespecifioslly €5-(38 hydtochrbonsTind still prorespegifically §di-d i s

d t ed ' I trate.i -S| ] ' A |
amount o ISIBIGASE Gt SRR R et b LG bl ) 0T

slurry; fenhidth Cortdifiing pRRE¢ILES siwhers phcipiare kbtbisané droustiogsteiat man 4. 0 paper
and tray dried to produce 230 grans of dry free-flow ng powder. The

resultant _m.crqcapsul es are mostly .1Q-40 nj.crons and can,be..incorporated in
a marine [Q@%Ei %a&#&ag? W}tﬁﬁm{t eri%ﬁ’é?a’tm%ﬁ %‘Sm‘feﬂ Ot P SRRPAtiQN OLiwe
i cr ocapgphRse MRhabfiiésasin be sl vilkich tdldast thebidcadeaut Biffpdrdeitagf@ 50- ng sanpl e

into 50 m's of xylene and periodical I¥ analyzing a small aliquot of the
xyl ene sgsanplopstaisiocanslemay hegised that Frleasesthe bigridpaiteror O¥efeitni ne t he

amount  dig; | SR ERaME R His3dEtheabt €r room
st or age. "‘Sg#f%ﬁ%%@ was r?rgfrgg%ggl'égﬁggéﬁg%u ays at arloom t enperature. EXAMPLE
2 M cr oepeapsionawiharlonger Mawt Thasdinivr@&3pIldsirozy lbemade of different wall

materials or different wall thicknesses in accordance with other embodiments of the

invention.

[0023] The present invention is further illustrated by the following non-limiting

examples.

EXAMPLE 1

Microencapsulation of Kathon 287T Biocide Containing Solvent Diluent
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[ 00261 The m croencapsul ati on of the neat Kathon 2871 is carried out in an
aqueous conti nuous phase to produce m crocapsul es conprising an

am no-formal dehyde shell. An aqueous phase is prepared consisting of 27.5 g
of a 3.75% et hyl ene mal ei ¢ anhydri de co-pol ymer (manufactured by Zeel and
Chem cal Conpany) solution and 30.37 g of water and heated to 45C. In a
separate vessel, 32.5 g of Kathon 287T 97% manuf actured by Rohm and Haas
and is heated to 45 to forma liquid nelt. An enulsion is prepared by

di spersing the nelted Kathon core material in the aqueous phase using an

| ka- Wr ks m xer and hi gh speed turbine with the speed controlled to produce

Kat hon dr @Bbﬁ S ﬁg%aﬁ ok h}qhs% 0 é%g%g? ?(f,ns 55}9@0 WL L& Bl RoaLtRinpa t he

t enperat ure Icati ess, 5.58 granms of Cynel
385 rranufap;buwssdhbmn@ﬁmxtymnylatbdhd Vinod 54band Ymotkﬁé(bmlrmmfactumw about

15 m nut es, itation s d is reduced and additian .79 grans of the
Oy el 385AF@§?4§1°F583%§§W ?Pgwﬁtﬁ’f LTS Wﬁ‘ﬁ‘stﬂﬂésetlﬁ gb ‘at around 50C.
After a few mnutes, a 5-gramsolution of a 5% pol yvi nyI al cohol Vi nyl 540

manuf act uroﬁﬁlijbyﬂéé Jor?ﬁﬁéﬁﬁlt@ f@&d%ﬂﬁ@d&@dﬁ@ogﬁﬁmm 2ddi tion of 11
grans of a 15%salt solution o otassium -11- di hydrogen phosphate over a

10 ni nut e(9p% MUdet@rMi@m agsfand 3 80 gramsf asubtiBited ¥ypmptis s 5| owd
| ncreased oﬁveﬁ? %iffﬂ% g &gxr?gg(%ﬁgss i B elnfeal B%‘&O‘% ﬁ‘g%%ﬂﬁé)uélf ter the

salt addi¥ hours of stirring the slurry

i s cool edhiage Athebdre m@bﬁah@reahdaiotpust WWaﬁn@BMdﬂgm%@dwmxsum
hydr oxi de solution. The slurry is diluted 1:1 vvgtlgr and sieved using a

125um si espailsified atrpoderate spgsd fora0eY L3 ingisy t%PB‘»’ RIS ps ul es
are all OV@%&Q&E hl?ﬂl@@ge} e DERSIuD 86 &0 hictdtisd THE eRALsRAL is FhRfdearoaapsul e

concentrate iI's re-slurried in water and the decantation Frocess r epeat ed.
The nicr obhmshd:%sr afte sharysis whomile dgitetadnsingt acurbinesimpgHer whiteapaigtaipdtghg  What man

o whr i Rtperart of hefr 4 " foipn s AP aR) | FRRESY, SO Cler

that can Ler&igadthley ehhecsmatatiesdowhit fidad fptht BRURRINNA §mmn| ofRigeams 0 provi de
a marine coating in accordance with one enbodj nent of the .invention. The

i cr ocapsiatties in 38 s o wigerin bR AueRidy adderd S ¥es B ArPaISE | bed i n
Exarpl e g&ﬁ%ﬂl 1A4>%/‘h¥lx§g’ Y’l?&ldél%J @%lﬁqo@fs a@&e@&oﬂ%& BllowaP1o ﬁlﬁfﬁﬁ%r ature.

EXAMPLE croencap sul at1 on Biocide Wwth a Dual shell
later by the addmon of 20 ml of a 10% sulfurlc acid solution over a 5-minute period.
The slurry is warmed to 45°C and after about one hour a solution of 4 g of urea, 6 g of
resorcinol, 50 g of water and 20 ml of 37% formaldehyde second addition is added
drop-wise. This solution may be divided, with half added in 15 minutes followed by a
15-minute hold period prior to adding the second half. One hour later another solution
like the proceeding is added to the slurry in the same fashion. The slurry is heated to
55°C and allowed to stir for 16 hours. The microcapsule slurry is cooled to ambient
temperature and pH adjusted to 7.0 using 10% sodium hydroxide solution. The slurry is
then diluted with water and strained using a 125 — 150um sieve to remove encapsulated
air and any debris. The slurry is set aside to allow the microcapsules to settle. The

supernatant liquid is decanted and microcapsule concentrate is re-slurried with water. A

small amount of Syloid 244 silica from W. R. Grace Company is stirred into the slurry;
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of Acrylic and PVA-urea-resorcinol -gluteral dehyde 100271 An internal phase
is prepared by m xing together nolten Kathon 287T (150 g) at a tenperature
of around 50C, with nmethyl nethacrylate (10 g) 1, 4, butanediol diacrylate
(10 g) and trinethyl ol propane trinethacrylate (10 g). Just prior to

enul sification, tertbutyl perpivalate (1 g) is mxed in to the interna
phase. The internal phase is honpbgenized into water (254 g) containing

pol yvinyl al cohol (Elvanol 50-42) (6 g) using a Waring 1 liter blender for
10 mnutes until a stable emulsion is formed. The enmulsion is then
transferred into a 1-liter beaker with overhead stirring, thernoneter and

nitrogen supply .and deoxygenat ed.w i hls i

o0C. Tho B3 B HERCRERRR R RNl hb REEHA 20 oo A iR BT T 1O
12|— bef Obﬁdbieé: mll) gaab Gﬁuxgim-ﬂoﬁx_riﬂéﬁbwdﬁﬂ.le The ghltinn micotdpsilesare mostdy ns
olyneric particles eac ) . ) i h . i.

Rat hon 26184 F0G BARaRpe JROrPEREL ] Y BB oG ERERSIOD QPR e
par t1 ¢l €S pfing BEARRIL A REmIAL f0R1EEY e RsRalDRRabIYI R G166 Bybplakisggondary

treatment at C'invol ving drop w se additions of "al um numsul fate TG 8. 3%
(60g) oveb0-bi sample ipty, S0UBIs\gf\xYiene id pariodisellyiayatyping a swall alippotpfilg es, and a

m xture of .urea (.2 resor.cin : r 12

m nut es. ﬂ}glﬁe %?e%qg@%ﬂogleg ¢ g‘ﬁgrgliﬁﬁé?%fgéﬁyggﬂ{ éﬁgﬁéﬁﬁg%@?WS g) are
added dr opiffisebthvicuigh tisd capbule shefll Safples meketestedafierevenstosaggr ¢déd i on. Then a
second addi tion of ureaéﬁ(tqgr ), resorcinol (1.5 g), and water (20 g) is

added ovePCOITwasgeleased Yt IO, IIPRRT 25% gl ut er al dehyde (5 g) and
water (5 g) added drop wi se over 12 mnutes. Followed by a third addition
of urea (2 EXAMPLE 2

Microencapsulation of Neat Kathon 287T Biocide

[0026] The microencapsulation of the neat Kathon 287T is carried out in an aqueous
~ continuous phase to produce microcapsules comprising an amino-formaldehyde shell.
An aqueous phase is prepared consisting of 27.5 g of a 3.75% ethylene maleic
anhydride co-polymer (manufactured by Zeeland Chemical Company) solution and
30.37 g of water and heated to 45°C. In a separate vessel, 32.5 g of Kathon 287T 97%
manufactured by Rohm and Haas and is heated to 45° to form a liquid melt. An
emulsion is prepared by dispersing the melted Kathon core material in the aqueous
phase using an Ika-Works mixer and high speed turbine with the speed controlled to
produce Kathon droplets mostly in the range of 10 — 50um. While maintaining the
temperature at 45°C during the emulsification process, 5.58 grams of Cymel 385
manufactured by Cytec is added to stabilize the emulsion. After about 15 minutes, the
agitation speed is reduced and additional 1.79 grams of the Cymel 385 resin is added
while maintaining the temperature at around 50°C. After a few minutes, a 5-gram
solution of a 5% polyvinyl alcohol Vinyl 540 manufactured by Air Products is added

followed a drop-wise addition of 11 grams of a 15% salt solution of potassium
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g), resorcinol (1.5 g), and water (20 g) is added over 12 m nutes foll owed
by a m xture of 25% gl uteral dehyde (5 g) and water (5 g) added drop w se
over 12 mnutes. After all additions are nade the tenperature is increased
from45C to 50C and held overnight to cure for approxinmately 16 hours.

After cooling and pH neutralization the inicrocapsules are filtered and
dried to produce a fine free flowi ng powder that can be readily

i ncorporated into a marine paint forrmulation to provide a marine coating in
accordance with one enbodi nent of the invention. EXAMPLE 313 [0029] Exanple
3A is repeated using a solution of sodiumsulfate powder (2 g) dissolved in

wat er (30,. ' ' . gﬁﬂ,gq tionis
added dro%]g dﬂggé{o‘\ﬁlg)rgp}%ge@n‘%eﬁg?ggm ‘igg{ﬂ?é&a'rhgpgmﬁé}ee f %%8&%8 eérJ was
achi eved iy iscdowléndreel toyo5°Caad po6arans ofiren ia addeadiabeutgad hdurs afterul at i on

to provide a marine coating in accordance wth one enbodi nent of the

i nvent i onthe stiadditiqn. Aftss an addisiapal dibaursel sprpgat 8> the s is spolediioer  aci al
F:aps ul'e ambient and the ph adjusted to 7.0 using 45% potassium hydroxide solution. The slurry

is diluted 1:1 with water and sieved using a 125um sieve to remove encapsulated air and

any debris. The microcapsules are allowed settle and the supernatant liquid decanted.

The microcapsule concentrate is re-slurried in water and the decantation process

repeated. The microcapsules are re-slurried with water; vacuum filtered using

Whatman 4.0 paper; and tray dried either on the lab bench at ambient conditions or in a

warm oven. The resultant microcapsules are a dry-free flowing powder that can be

readily incorporated into a marine paint formulation to provide a marine coating in

accordance with one embodiment of the invention. The microcapsules were tested

using the xylene extraction test described in Example 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

[0027] An internal phase is prepared by mixing together molten Kathon 287T (150 g)
at a temperature of around 50°C, with methyl methacrylate (10 g) 1, 4, butanediol
diacrylate (10 g) and trimethylolpropane trimethacrylate (10 g). Just prior to
emulsification, tertbutyl perpivalate (1 g) is mixed in to the internal phase. The internal
phase is homogenized into water (254 g) containing polyvinyl alcohol (Elvanol 50-42)
(6 g) using a Waring 1 liter blender for 10 minutes until a stable emulsion is formed.
The emulsion is then transferred into a 1-liter beaker with overhead stirring,
thermometer and nitrogen supply and deoxygenated with nitrogen for 1 hour while

heating to 90°C. The batch is then held at 90°C for 1.5 hours after nitrogen removal
-12-



wal | of acrylic polymer and PVA-urea-resorcinol-formal dehyde pol yner

[ 00301 An internal phase is prepared by m xi ng together nolten Kathon 2871
(150 g) at a tenperature of around 50C, with nethyl nethacrylate (10 g) 1,
4, butanediol diacrylate (10 g) and trinethyl ol propane trimethacrylate (10
g). Just prior to enulsification, tertbutyl perpivalate (1 g) is mxed in
to the internal phase. The internal phase is honbgenized into water (453 Q)
cont ai ni ng pol yvi nyl al cohol (Elvanol 50-42) (6 g) and (El vanol 71-30) (6
g) using a Waring 1 liter blender for 8 mnutes until a stable enmulsion is
formed. The emulsion is then transferred into a 1.5-liter beaker with

over head stjirring, thernonetet, nitregen suppl , W th

ni trogen ?#Prﬁbq?éﬁpo%ﬁidpggﬁ‘égs i(zgﬁfeore% : eﬁ@m@gf %rﬁ%&%p@ﬁ@éﬁﬁgﬁﬁélgf 90C f or
1.5 hour seghtcempfbihg @@eRniceioBlel erleapsalating did Kathao2 870" Icoitg alneahOC. The
resulting enul sion _contains polyneric particles each conprising a polyneric
shel | ench#titiesize /19 BECTRBR: hon 287T having a nean particle size of 19

m crons. The particles of encapsul ated Kathon 2871 are then subjected to a

secondar ygoh At Tebarfitled'Hent aPsRlavddICatiiOIB 7W 2 & thaf Sibjécedd 1ofa s8comdutyur € of
urea (3 gS nut es. Then a

, resorcinol (7.5 g), and water (45 g) over 12 m
sol uti on tn¢atmgnﬁaﬁﬁﬁ%inﬁ/ah@gpgvmmse(aﬂdlyogé) ofpheminameulipte 1G58.3% (©Q2)added drop
wi se over 10.91 nu ) A } : I 3 ) is
Added dr o i EUBYES 1058 sl Kot Syl AL ER A RiER T wedD) |
sul furic ggiedoichohdtlédy),dindarér20 gyever 62 mimute sThelaanikaredlf 3586t hen stirred

and slow y heatedt 5C.over our. .Then a.secon ddi ti of ,a,solution
of urea (éuﬁf ,lé"&‘é(g%&cér%fl “@Zﬁrgétégl?re\ﬁg‘?eé{@?%wsg §Y %‘gb’é’}’% #H]o%eaé%yde (15
m) is di yedadl abfrefttibh. TRch 26d6a4 %@ﬁo&&dﬁd’ﬁ%@&ei&bih@@% By ahd@aecond
hal f after a 15 mnute hold at 45C. The batch Is then stirred and slowy

heat ed t o20%Tisadded avanddminptes followed huliptpisRree! 1% glufesaldshyde gxghaadnol (4. 5
g), water f e b §hi - m nut es.
After al Iw%%%qsf%)%ﬁg&g(?ggzn%&O%fﬂie@mérlzg)glgvgea %}éh?%@?agg%gg\b]? P{)e%n%%ﬂc to 50C
and hel d gyssoriciyol (1tHg)s ancewhter (29 iovaided vedryl 2 Mginhies falowafl by neisbird ng and pH
neutralizat] the m.cro sul.es ar i red and dri.ed to preduce a dry
product t a?é%&lﬁteﬁaég]‘fhéfgﬁfﬁa @ ﬁnﬂ&ﬁ‘?{égﬁg 8‘%)&&%‘%? SRRV T nlg nblél}ltr?g gg‘rirn% ation to
provi de aadiRidns areGRalel thdtehipertiad isiatessedifioh £57€ ©50ed witinld oterhight

i nvention. EXAMPLE 5 Dual wall m crocapsul es conprising an interfacial
first walto cwrefgr appsoximately 16 hours. After cooling and pH neutralization the

microcapsules are filtered and dried to produce a fine free flowing powder that can be
readily incorporated into a marine paint formulation to provide a marine coating in

accordance with one embodiment of the invention.

EXAMPLE 3B

[0029] 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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reaction of an aromatic polyi socyanate, a second shell of

PVA- ur ea-resorci nol - f ormal dehyde condensati on pol ynmer [00311 An internal
phase is prepared by m xi ng together nolten Kathon 287T (90 g) at a
tenmperature of around 50C, with Desnmodur L 75 (Bayer) (10 g). The internal
phase i s honogeni zed into water (302 g) containing polyvinyl alcohol

(El vanol 50-42) (4 g) and (Elvanol 71-30) (4 g) using a Waring 1 liter

bl ender for 13 minutes until a stable enulsion is forned. The emulsion is
then transferred into a 1-liter beaker with overhead stirring and

t hermoneter. The batch is then heated to 50C and a solution of tnethylene
diamne (0.5 g) and water (10 9) Ex2APeTE 4irop wi se. The batch is then held
at 50C overnight. The resulting emulsion contains polymeric particles each

conprising a pol ymbh%lf&géé%uféﬂgﬁﬂr%@@%lw&ﬁ?ﬁ@tsﬂd}e@fabl afgglﬁe Kat hon 287T havi ng

a nmean particle size mcro he particles o ncapsul ated | Cat hon

287T th t d
addition of a Wgp ﬁ%tefﬁgﬁ5°9¥fﬁe*$ﬂ?’§“"§’m%§%$°2‘%ﬂ§?"°?§£‘d§ i ST

r

O1e o) o San SRl haRs Y bk e by R8I %efr%it?&%so h BT vt er

f or mal dewdee:ﬁﬁ&aﬂﬁie)oﬂasomddsedcdmlpnmﬂ@bmﬂmryﬁtmm@ és4, bafanedion 10- ni nut e

hold at 40C, 10 v/v% sul fur.i aC| dis aﬁ?ed da)w §e over, 5 mnutes. The
r

batch is qlﬂ"éﬁla?t(ll?lgbépdatﬁﬂwg}y PR e taGT AR YSLREOH Then a second

addi tion gfgnegldal ieﬁﬂut?f péi'ﬁﬁ/ﬁla %} is ThiRS@§Fio R intedndlphaseAITBE itéRalg) and
37% f or mal dehyde ( in half and added over 12 m nutes

fol | owed mase llsélomeg@ncbdhamfwaiﬂt(éﬁ 8 containing pelywiaykialeghoh Gidvanph 8042} ch i s
R S F
over 12 nrgtabld aﬁulsﬂhhseﬂ‘onaéd ‘Hlekirhulgins isthen m&meldentbeampﬁahm beaker w1th ncr eased
A for  codMeREALHI A TR 28 P eeh S I A S B g AP et e ep 88 and
dried to pﬁ&ﬁ'%ﬁﬂe%e&tﬂ%w 9D&Q! Bhd Siteh iSxtMReld £ obPC el $ haapshdres
re-encapsul ated with PVA- URF poly

nitrogen removal before being cooled down to 40°C. The resulting emulsion contains

polymeric particles each comprising a polymeric shell encapsulating the Kathon 287T

having a mean particle size of 19 microns. The particles of encapsulated Kathon 287T

are then subjected to a secondary treatment at 40°C involving drop wise addition of a

mixture of urea (3 g), resorcinol (7.5 g), and water (45 g) over 12 minutes. Then a

solution of sodium sulfate powder (1.5 g) and water (22.5 g) is added drop wise over 10

minutes. Then a 37% solution of formaldehyde (22.5 ml) is added drop wise over 10

minutes. After a 10-minute hold at 40°C, 10 v/v% sulfuric acid is added drop wise over

6 minutes. The batch is then stirred and slowly heated to 45°C over 1 hour. Then a

second addition of a solution of urea (3 g), resorcinol (4.5 g), water (37.5 g) and 37%

formaldehyde (15 ml) is divided in half and added over 12 minutes followed by the

second half after a 15 minute hold at 45°C. The batch is then stirred and slowly heated

to 48°C over 1 hour. A third addition of urea (3 g), resorcinol (4.5 g), water (37.5 g)

and 37% formaldehyde (15 ml) is added over 12 minutes. After all additions are made
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[ 00321 An internal phase is prepared by nelting Kathon 287T (260 g) at a
tenperature of around 50C. The internal phase is honopgeni zed into an
aqueous A Solution consisting of 110.0 g of a 3.75% ethyl ene nmal ei c
anhydri de copol ymer solution and 121.48 g of water using a Waring 1 liter

bl ender. Wiile maintaining the tenperature of around 50C during the

emul sification process, Cyrnel 385 (22.33 g) manufactured by Cytec is added
to stabilize the emul sion. After about 15 minutes, the agitation is reduced
and 10 - 50 urn droplets are forned. The emulsion is then transferred into
a 1- liter beaker with overhead stirring and thernonmeter. Then a 15% salt

sol ution I L idhPtoAdpegdrop wise. The
batch is @é%ﬁeg%@rgﬁ?@%&%%%%?@ﬁ@%ﬁr@@gﬁ’lg%ﬁ%rﬁluéhf E)r 4 (r)ur t hen cool ed.
The r esul 4ppraximatelysicooucso Mfhdéresoling anderH geupalizdtioh ds ewudcapswgsaisi ng a

pol ymeri c.am no-formal dehyde shel |, encapsul ati the Kathon 287T having a
nean partﬁ@‘?rﬁé"?fdz‘g’e fOE%’I&ﬁ?ec? .roci‘ﬁgg'égca?ﬁg rﬁ%ﬁ?’il%ﬁo&or%?&) t4psul at ed

Kat hon 28drisd phidtYordtiationas peividedtdarine dbatihg thhicsoriZné? vt dneaction is

- subjected to a secondary treatnment at 45C involving drop wi se addition of a
m xt ure ofmbadépent of the ineatigR.ci nol (3 g), and water (30 g) over 10 ninutes.
Then a 37% sol uti on of formal dehyde (18 m) is added drop w se over 7

m nutes. After - 16- a 10- m nut pxhohfLgts 45C, 10 v/v% sul furic acid (10
m) is added drop wi se over 5 mnutes. The batch is then stirred at 45C

over 1 hour. Th L4 dbrRin I; f g), resorcinol
(7 g), water (3?318?\%;11;%&5‘%%%{2%%% hy Z‘m ZSH%I?Q}@%#{/‘?%%%% n hal f and

e
dded 12 m nut I . the 15 minute hold at
35C. The baton 1 ot Fan Ao RS RRRRGANE A8 Slet e T owr. Then
heated to 60C for \h@-wqﬁ-rg%g%iﬁ&g%ggaldéydgE:or?cf%ﬁ%ftiggpg opH neutralization

el and drred to pro

the m crocapsul es ar tere uce a“fine free flow ng

powder t an, be.readily.i ncor ated. into.a nati i | ation to
D ovi de. AONAT e Basrp ek BEBPRRR RN Rt PRl R AR 25t O

idnvent ibO(rjht a'féiﬂpejrz[thliérdf@ﬁmﬁdlBB‘KJ,WﬁﬂeDé@&idadLasi(BgydthO@).I Eheintechalact i on t est
escribed_ in Exanple 1l except that a samle qf the mc aps was al so

tested atPhassds hproganized dnig wager 4302 R)goRtajiRge p mg@g&%@{ @ﬁv%gf%@? at room

tenper at yi ¢) 30f(Edvahdt A5y (418 8sihgh 8Pt Bhitkhler®r V3 Binufts bmtil a

stable emulsion is formed. The emulsion is then transferred into a 1-liter beaker with

g

overhead stirring and thermometer. The batch is then heated to 50°C and a solution of
triethylene diamine (0.5 g) and water (10 g) is added drop wise. The batch is then held
at 50°C overnight. The resulting emulsion contains polymeric particles each
comprising a polymeric poly urea shell encapsulating the Kathon 287T having a mean
particle size of 16 microns. The particles of encapsulated Kathon 287T are then
subjected to a secondary treatment at 40°C involving drop wise addition of a mixture of
urea (2 g), resorcinol (5 g), and water (30 g) over 12 minutes. Then a solution of
sodium sulfate powder (1 g) and water (15 g) is added drop wise over 6 minutes. Then
a 37% solution of formaldehyde (15 ml) is added drop wise over 7 minutes. After a
10-minute hold at 40°C, 10 v/v% sulfuric acid is added drop wise over 5 minutes. The

batch is then stirred and slowly heated to 45°C over 1 hour. Then a second addition of a
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EXAMPLE 7A MF shell capsul es re-encapsul ated wth PVA-

ur ea-resorcinol - gl uteral dehyde polynmer [0034] An internal phase is prepared
by nelting Kathon 287T (260 g) at a tenperature of around 50C. The internal
phase i s honpbgeni zed i nto an aqueous sol ution consisting of 110.0 g of a

3. 75% et hyl ene mal ei ¢ anhydri de copol ynmer solution and 121.48 g of water
using a Waring 1 liter blender. Wiile maintaining the tenperature of around
50C during the enulsification process, Cytnel 385 (22.33 g) nanufactured by
Cytec is added to stabilize the enmul sion. After about 15 minutes, the
agitation is reduced and 10 - 50 umdroplets are fornmed. The enmulsion is

then tran ed i nt -1 qr g b, e A

t hor nonot S A 1 G biepyihdl (3 BERARE () KGR0 RASaBLE TS
phosphat ediviied ddkalf sirdogded ser 17 enites followsd bjthe shemtl ddlfiafercbD mumge 1. 5
hours an | d f.or our .then coal ed.. The. resul t i emul.si on, cont ai ns

pol yner i &"‘ggﬁ ‘?{: geg?‘ggé'ﬁﬁ (’:%'Ef)‘? §tgfq%gang 516’8‘1%%3?‘? oéthigﬁSY?r rl}?é‘fd‘éﬁ'@ shel |
encapsul aidditbn! dFireal (E3h,Heddrafol (3 BRWWaAG (25 Ppaid 379 forehMelide€1 @46 ni crons.
The particles of encapsul ated Kathon 287T slurry are then d|vig¢d and hal f

are filtesddad pyerd 2upinuisakAfterallppldyioys arexmads the tgppexgiurs is ingrgasgh frophke i s

then re-s ' eféﬂﬁ%ﬁ f FORR, A G BinpVAndY |

al cohol (ﬁﬁ\%ﬁgpq%%ﬁ%%ﬂ%G g efﬁ u}ééﬁf%}e%pg%e 1%tao ya second%ryct.r eat ment at 45C
i nvol vi ngol neyiralizatdnablelinidrocapsudés at fitered and ditiédtoeradBcd a w68y ptiaver 12

m nutes, 10 v/v% sulfuric acid (34 g) over 12 mnutes, and a m xture of

urea (2 g), resorcinol (1.5 9g), a %Aﬁ%ﬁﬁ 20 g) over 12 mnutes. Then a
m xture of 25% gl ut eral dehyde (5@ water (5 g) are added drop w se

very slowy over 20 mnutes to prevent aggregati on Then a second addition
of urea (2 g), resdfiEshetilcagsiiles rgencapnidateditvith PV2QURF podyraetded over 12
m nutes followed by a m xture of 25% gl uteral dehyde (5 g) and water (5 Q)

added dr O[Boﬂ] SCAR }/n?erméllzr)hg]éer}g En%f)aredlz %ly Imoe\péenqg I@lthgn %)hr &66‘85’&&& tgxgp&gtu% ea (2
of around 50°C. The internal phase is homogenized into an aqueous A Solution
consisting of 110.0 g of a 3.75% ethylene maleic anhydride copolymer solution and
121 .;18 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. 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.

[0033] The particles of encapsulated Kathon 287T slurry are then divided in half.
This (272 g) fraction is subjected to a secondary treatment at 45°C involving drop wise
addition of a mixture of urea (3 g), resorcinol (3 g), and water (30 g) over 10 minutes.

Then a 37% solution of formaldehyde (18 ml) is added drop wise over 7 minutes. After
-16 -



g), resorcinol (1.5 g), and water (20 g) is added over 12 mnutes foll owed

by a m xture of 25% gl uteral dehyde (5 g) and water

over 12

from45C to 50C and held overnight to cure for approxinmately 16 hours.

(5 g) added drop w se

m nutes. After all additions are nade the tenperature is increased

After cooling and pH neutralization the mcrocapsules are filtered and
dried to produce a fine free flow ng powder that can be readily
i ncorporated into a marine paint forrmulation to provide a marine coating in

accordance with one enbodi nent of the invention.

The m crocapsul es were

tested using the xylene extraction test described in Exanple 1 except that

a sanpl e Q&o},{elgu SIaQE APy 363 Walmgcmgéﬁﬂ)@radd&qmmgemvasest 2. 4%

DCAO T was

afte ays at room

erature and 3% DCO T was

rel eased mirtusss. The 6alyh 1sathem5ﬁedlﬁxmlél_@e7 mao 3Mikn E)S@ﬁwpﬂ eddifion ef ¢ epeat ed

Al P A SR 0

ed drop w se

using a
i nst ead
over 12
readily
coating

NAiR1ded $n haAB@idhdded éey 12 htRutéd PULWE Pyile @écdﬂd&al}ﬁ aﬁehmmnmw

can be

i ncorporated into a marine paint formulation to gﬁPVI e a mari ne

| hpléé'%‘l:)sr Harfde bajch ks Berestarrgsad siomtly bratadda by BHril

heated to 60°C for 3 hours and cooled. After cooling and pH neutralization the
microcapsules are filtered and dried to produce a fine free flowing powder that can be
readily incorporated into a marine paint formulation to provide a marine coating in
accordance with one embodiment of the invention. The microcapsules were tested
using the xylene extraction test described in Example 1 except that a sample of the
microcapsules was also tested at 45°C. In this test 0.4% DCOIT was released after 28
days at room temperature and 2.7% DCOIT was released after 28 days at 45°C.

EXAMPLE 7A
MF shell capsules re-encapsulated with PVA- urea-resorcinol-gluteraldehyde polymer

[0034] An internal phase is prepared by melting Kathon 287T (260 g) at a temperature
of around 50°C. The internal phase is homogenized into an aqueous solution consisting
of 110.0 g of a 3.75% ethylene maleic anhydride 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. The resulting emulsion contains polymeric

particles each comprising a polymeric amino-formaldehyde shell encapsulating the

-17-
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Dual encapsulation with Gelatin/Gum Arabic as the first shell and nel am ne
resin as the second wall [0036] In a 1000 m beaker fitted with an

| ka- Wr ks m xer and 4-bl ade turbine inpellor, dissolve 6 grams 300 bl oom
gelatin and 6 grans spray dried gumarabic in 240 ml deionized water. Start
m xing at roomtenperature, again and heat to 80C with stirring. [0037]
Adjust the pHto clear the solution with 10% NaOH (- pH 7). Adjust the pH
to 4.1 with 10% Acetic Acid. Warm 40 grans Kat hon 287T to 50-60C to nelt.
Transfer the Gelatin/Gum Arabic solution to a warm bl ender jar and add the
Kat hon 287T nelt. Emulsify slowy (-10 mn) to achieve the desired dropl et

size (10- ﬁgﬂlb'ghggﬁﬁﬁﬁvmg-rﬁ ARah ﬁiﬂl@l@@ﬁebmé Hﬁ‘cr@&akﬁfe‘ﬁﬁ'tiéﬁs oRBRApafiated i N an
enpty wat er Using a separatory funnel, about 175 m warm (50-60C)

|dEI on:jzlede.@peﬂW\'ﬁsJuaddmhm@lmdm | hathiare iltafedtio a wet eake9E8BAE1%0 obser ve

I qui [ S th
dropl ets. &Xngtg?ryt‘ﬁé gﬁguwak dtfgeofn z<—:'é1ﬁq‘dgg?ﬁ’l aellrj%&g% ogg;\%%¥@54@m Z\F/)Z t h?s
reful tb {Bﬁ@tﬁ?ﬁ%ggly@?ﬁl aillﬁgmdl kmvhfmlﬁe)m;? g)jﬁldhrsgbjiagﬁeém a sceondales to the

wat er bat h. e flui 0 r..phase, sho

mi cr oscopiTEAPPREat ¢kt inyQlving Wﬁ’b%mgﬁli{:} %Ofé’é‘@“n%qé gtﬁ&&?gééé’ig?@al ly again
to veri fYoid: 1piaansiel bR, gﬁﬁﬁ%%lcbf(lw %?@&er‘&@fnﬂn&eﬁ%d & etk ofdlrda (ROT Mat i on

and little free polyner. Continue siow cooling to 25C. One shoul d observe a

subst ant i g resericinohidS glo afid watepGOyghover IConinpiese Thond miggueef 286, at whi ch
2 10 SEAR Rl o0 SRS AR e,
times by pretdnit lgre@nsuj Thers@dcbrd aduition afsireag2 ), trbsodcifolr(ll . 539, amd ivadat vvat er.
Capsul es &%n) 18 a]dded over 12 minutes followed by a mixture of 25% gluteraldehyde (5 g) and

water (5 g) added drop wise over 12 minutes. Followed by a third addition of urea (2

g), resorcinol (1.5 g), and water (20 g) is added over 12 minutes followed by a mixture

of 25% gluteraldehyde (5 g) and water (5 g) added drop wise over 12 minutes. After all

additions are made the temperature is increased from 45°C to 50°C and held overnight

to cure for approximately 16 hours. After cooling and pH neutralization the

microcapsules are filtered and dried to produce a fine free flowing powder that can be

readily incorporated into a marine paint formulation to provide a marine coating in

accordance with one embodiment of the invention. The microcapsules were tested

using the xylene extraction test described in Example 1 except that a sample of the

microcapsules was also tested at 45°C . In this test 2.4% DCOIT was released after 14
days at room temperature and 3% DCOIT was released after 14 days at 45°C.

EXAMPLE 7B

[0035] Example 7A 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 produced that
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be isolated at this point by filtering and adding 1.5 gans Aerosil 972R to
the filter-cake and shaking in a wi de-nouth bottle to mx well. The powder
is laid out on a paper towel to bench-dry overnight. This resulted in a
free flow ng powder with single (droplet) capsules as well as sone
aggregates. [00381 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 solution and 50 m dei oni zed water. Begin heating to 50C and
while dripping in 3 granms Cynel 385 in 12 m deionized water. At 50C,
drop-w se, add 10 grams 15% di hydr ogen phosphate sol ution. Heat to 65C and

hol d over ni %adlgq Séoq%t[e {Eﬁ{mﬁé ﬁ&lﬂf nﬁﬁ‘lg% lbﬁéva&@@nﬁhhé Safin W th 45%

Pot assi um rox el oni zed water. Spread
out on a inapeordmmmltamec&ngoodﬁﬁmwﬁthsuivbmhm n a free fl ow ng powder with
single (droplet) capsules as well as sone aggregates. EXAMPLE 9 Dual

encapsul ation with Gelatin/ Gum Argm td’ue first shell and
ur ea-resorci nol - f or mal dehyde poly sate as the second wall [00391 In a

1000 m beaker fitted w th an |k bladeturblnelrrpellor
di ssol ve 6 grams 300 bﬂB Shingrmsuar ?W%E%}@%‘P%g‘ﬁbé? dried gumarabic in
240 m d

80C Wthels?lmrf?ﬁg\_mt eﬁeﬁrstgl{ﬁlgd)ﬁlierl] 1?1}3rgs§)rloaTt}tlesrgg aan] , again and heat to

[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.

[0037] 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 Gelatin/Gum Arabic solution to a warm blender jar and add the Kathon 287T melt.
Emulsify slowly (~10 min) to achieve the desired droplet size (10-40 microns).
Transfer back to the beaker-mixer apparatus in an empty water bath. Using a separatory
funnel, about 175 ml warm (50-60°C) deionized water was added drop-wise. Check
with a microscope to observe liquid-liquid phase separation of a fluid phase that
partially wraps the droplets. Adjust the amount of deionized water up or down to
achieve this result. Begin slow cooling the beaker by adding a few ice cubes to the
water bath. At 35°C, the fluid polymer phase should be observed microscopically.
Continue slow cooling to 28°C. Check microscopically again to verify if the solution is
mostly clear with a noticeable wall formation and little free polymer. Continue slow
cooling to 25°C. One should observe a substantial wall and no free polymer. Continue
cooling to 15°C, at which time 10 grams of 25% gluteraldehyde is added. After adding
more ice, stir overnight, allowing the reaction to warm to room temperature. Decant 2

times by letting capsules settle and rinsing with 300 ml deionized water. Capsules can
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100401 Adjust the pHto clear the solution with 10% NaCH (-pH 7). Adj ust
the pHto 4.1 with 10% Acetic Acid. Warm 40 grans Kat hon 287T to 50-60C to
melt. Transfer the Gelatin/Gum Arabic solution to a warm bl ender jar and
add the Kathon 287T nmelt. Emulsify slowy (-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-w se. Check with a m croscope to
observe liquid-liquid phase separation of a fluid phase that partially

w aps the droplets. Adjust the anount of deionized water up or down to

achi eve tfi: : [ @% ﬁ%%&& iPyRadinnongerfcams | ce
cubes to IEOI%?ét%Saﬁ?gb&tﬁgg%&%ﬁéed %'g%rpo ymarSlphase shoul écbe observed
m cr oscopamishhking Gomtvidewreowh buttle tomingell.o TR wdeth edkidmiut ows pagsic cal | y agai n
to verify if the solution.i stly.clear.with .a noticeabl e |1 formation
and litt I@WF}@Q’CB&'%V? t ?ﬁﬁée%lft nAes fh@“?%p%%qer&@ Sﬁ%%l d observe a
subst ant i @ko tapditds Row Il £8opR! ate&ont i nue cooling to 15C, at which
time 10 g;@gr?é\&%f pg‘gl% gl ut eral deﬁ)\%%%gi s added. After adding nore ice, stir

overnight, allowi ng the reaction to warmto roo ngg%ieraturf. Decant 2

limes by 108381 nd) secopd wallcas be pedded by filiering thegwiger ¥ el W ded wat er .
Capsul es ) F~Ye] : i jeAt i ; iosked. 5 grans
o o5 | SRR o P A o e & Fo i x
wel | . Thewgowdsgin keating tb H1C 20d whilsalpipringima igrans Gand B38 iy 10mer ni ght . Thi s

resulted 1 n a free fl,ow owder w S] I les as well as
- some aggréeeb%’tlzeeg.wa ersélxcc%ghg@\éﬂf'wésaeh%odtefbﬁaég1%@%@?@%%{?@&%&vvi ce-decant ed
sl :Jr ry. Td@mémt H%hﬂ t'g@SQCC a:&elédlﬂ ove-1BgiRp aodbtﬁ ro¢n Eangprare and acguitgﬁ? EMS\
solution and 50 n joni ze ter, Begin ting,.to.50C and whjle dripping
in 2 gramf t%gw ﬁli‘d"S&’ g"t@f}s&ﬁ%ﬁg’@?&d@isﬂ 10{"n1g1%6r’ dgé?ho‘ﬁ’i%%a‘?}oﬁbé‘?der. At 50C,
dr op- Wi S&y,t8dd e TRAPEn 3 pIpcE IWERSGRY deissebuliel @ frBeRovkde PoHaEr WHEYO
di hydr ogen phosphate sol ution. Heat "'to 55C and hol d over night. Cool to

r oom t enpéngke (drepleth capsuliesias welhas sometaggregatedvi t h 45% Pot assi um Hydr oxi de
solution. Filter, and wash with deionized water. Spread out on a paper

towel to dry. This resulted in a XESE%E j ng powder with single (droplet)
capsules as well as some aggr egat%s. I\/gLE 10 Multi-shell mcrocapsul es

conprising Dual encapsulation with Gelatin/Gum Arabic as the first shell
and urea-resorcinol-formaldehyde polycondensate as the second wall

[0039] 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.

[0040] 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 Gelatin/Gum Arabic solution to a warm blender jar and add the Kathon 287T melt.
Emulsify slowly (~10 min) to achieve the desired droplet size (10-40 microns).

Transfer back to the beaker-mixer apparatus in an empty water bath. Using a separatory
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pol yur et hane/ pol yurea, Cel ati n/ Gum Arabi c and nel am ne resin [0041] In a
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. [0042] Adjust the pHto clear the solution with 10%
NaCH pH 7). Adjust the pHto 4.1 with 10% Acetic Acid. Warm 40 grans Kat hon
287T to 50-60C to nelt. Add 4 grans Desnondure CB-75 and mx well. Transfer
the Gel atin/ Gum Arabic solution to a warm bl ender jar and add the Kat hon
287T solution. Enulsify slowy (-10 mn) to achieve the desired dropl et
size (10 aRs _ s in an
enpty matggnggﬁﬂqﬁb?%gJe se%arA?%§hﬂfﬁ%ﬁg%mggﬁgﬁ%k%ggﬁﬁYﬁﬁg?ﬁ?%%o 60C)
de|on|zedwmhmemwmnsxmddeuwdmdpmu#h@ndﬁheckqmﬂﬂhn@fﬁﬂcﬁhéeﬁv@a&o observe

l'i quid-1iqui. hase .separ.at i a fluid.phase tha w aps the
dropl et s. p%ﬁiﬂl}})‘f’raﬁ’ﬁg‘eﬁ ﬁat? 8‘?%@’8%’?&‘& ngme%wg%er@%&dcﬁ)ﬂ téchl eve this
resul t. ng,g@ese}hgw;sgpoBbgm sloRecdoting te beykear B¢liadding a ffemicecabesubdr t o t he
wat er bath. At 35C, the Tluid polynmer phase sh uId e. obser.ved

mi cr oscopWwetar bafh. ISR Crite fwidnelyaen nhass 9(1’8“@5’8 TP cal |y again
to veri fbexitlrﬁlQ%lo%spédﬁhhgfbc%S&Cn@fekly Gr&R! B}())l iy 1rf‘t9tv'eﬁﬁﬁphl% sWRikibn fsor mat i on
and little free nt1 nue sl ow cool I rig One shoul d observe a

subst ant i mbsti/sedléara\ntll awticeabde pall sjurmatlomrd litha &ree pdlymng Centingeslowt whi ch

over ni gt SoblTE (g (e ERBPRE 4 ol RVl Bl BAPRE, CBGkT, 511

times by éd@hh%ftgm@psmgah ﬁmteub%r@mbﬂzs% plngeraliéhyd8BQddtd. deftmudmg wat er .
Capsul es can be isolated at this point filteri n and addlrg:g 5 grans

Aer 0si | 917124& it Sftlmvemlglﬁte?ﬂ%k%ﬂ‘ﬁﬁéﬁcgﬁ%m W™ 9 T9OR %}EP%H‘E% e to nix
wel I . COVBIEkting o lrlﬁéuﬁes%ﬁlegﬁli fin {th @@U‘ﬁh dEl@ﬂ%@d‘ﬁfﬁteferaﬁ%Ml% garght . Thi's

resulted In a free ow ng powd wth single oplet) capsules as well as

some aggriegstlated aythistpoint bydiltering andasldingob gtﬁyﬂSer@%}r IR totile filigreekelecant ed
slurry. Th t. filter cak nd % EMA

sol ution ﬁﬁcfngﬁngﬁ &t dSr{P%“‘a'*"’%?%ﬁ‘%?%g& ﬁﬂ%%&}, 1&%&1 r@b%; ﬁgg\?\lhl | e

da Id |0|0|O ng theﬁogfeﬂthh ove 1@85%‘111@ risﬂltéﬂ mcbeﬁrmﬂmdgpawwwmm@ed ﬁrf)g wi se,

a 1 grams 15% di_hy en phosphate so|lutio 0 over

ni ght. Co@ropt ?%&H‘F% @ﬁiﬁ%lr%?tsﬁpg agHaeHUes: u%tgect"ﬁ Wﬁﬁe"%b"’?aﬁaﬁ% ﬁ'?&%% Pot assi um
Hydr oxi depsglist- H%nteﬁ'shfr@" THRRFEL iR SHcalde i dredk@l ua@ﬁ 2edrhs ofSpYSad out on a

paper towel to dry. This'resulted in a free f ng powder with single
(dr opl et )EMaApslitios and Susil|deipnized mteaggﬁelgé?@@telg t0'50°C and while dripping in

2 grams Urea and 0.2 grams resorcinol in 10 ml deionized water. At 50°C, drop-wise,
add 5 grams 37% Formaldehyde solution then 10 grams 15% dihydrogen phosphate
solution. Heat to 55°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.
EXAMPLE 10
Multi-shell microcapsules comprising

polyurethane/polyurea, Gelatin/Gum Arabic and melamine resin
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[ 00431 Havi ng described the invention in detail and with reference to

speci fic advantages thereof it wll be apparent that numerous nodifications
are possible w thout departing fromthe spirit and scope of the follow ng
claims. What is clainmed is: 1. A mcroencapsul ated biocide conprising an

I sot hi azol one biocide or antifouling agent as a core material encapsul ated
in awall material that has a xylene inperneability such that | ess than 10%
of the biocide or antifouling agent is released fromthe capsule at room
tenperature to 45 C. over 90 days and from which water or saltwater can

| each the biocide fromthe wall material, wherein the wall materi al

cont ai ns ﬂoéﬂli’]gaﬂltaidboerﬁme'aﬁ@r dﬂlct g{ingg?yw ny{xﬁﬁ?‘ﬁc}]%@id%ﬁbﬁkomthe

capsul e a a reaction produ , urea, resorcinol,

aﬂd for rrahnmﬂiyddlsselseﬁ grangs 30mdoc»mgclammalab@gﬂamsesgramdmd gamafabid iti m |
ereint [ thlaz | one °

4, 5-di ch B mbSeions Watsy M%’f‘ﬂﬁ 8A8PBrigmpergurer pgain ang egh o806 e o

bi oci de oftjrgh@i m 2 wherein the isothiazolone is present in the core

di ssolved in a partially water sol uble solvent.

[0042] 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. Add 4
grams Desmondure CB-75 and mix well. Transfer the Gelatin/Gum Arabic solution to
a warm blender jar and add the Kathon 287T solution. Emulsify slowly (~10 min) to
achieve the desired droplet size (10-40 microns). Transfer back to the beaker-mixer
apparatus in an empty water bath. Using a separatory funnel, about 175 ml warm
(50-60°C) deionized water was added drop-wise. Check with a microscope to observe
liquid-liquid phase separation of a fluid phase that partially wraps the droplets. Adjust
the amount of deionized water up or down to achieve this result. Begin slow cooling
the beaker by adding a few ice cubes to the water bath. At 35°C, the fluid polymer
phase should be observed microscopically. Continue slow cooling to 28°C. Check
microscopically again to verify if the solution is mostly clear with a noticeable wall
formation and little free polymer. Continue slow cooling to 25°C. One should observe
a substantial wall and no free polymer. Continue cooling to 15°C, at which time 10
grams of 25% gluteraldehyde is added. After adding more ice, stir overnight, allowing
the reaction to warm to room temperature. Decant 2 times by letting capsules settle and
rinsing with 300 ml deionized water. Capsules can be isolated at this point by filtering
and adding 1.5 grams Aerosil 972R to the filter-cake and shaking in a wide-mouth
bottle to mix well. The powder is laid out on a paper towel to bench-dry overnight.
This resulted in a 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
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4. The m croencapsul ated bi ocide of claim1 wherein the dopant is polyvinyl
al cohol. 5. The m croencapsul ated bi ocide of claim3 wherein the partially
wat er sol ubl e solvent dissolves in water in an amount of about 0.5 to about
5% and is incorporated into the core in an anmount of about 5 to about 25%
6. The m croencapsul ated bi ocide of claim5 wherein the solvent is an ester
or an ether or mxtures thereof. 7. The m croencapsul ated bi oci de of claim
1 wherein the wall material is a dual wall mcrocapsule including a

mel am ne-f or mal dehyde i nner wal . 8. The m croencapsul ated bi oci de of
claiml wherein the dopant is selected fromthe group consisting of

pol yvinyl wgtlerg %]c-%lm thYigé Rf(é/d°@tz{ﬁ}ilvﬁﬁielcﬁ’ﬂpﬁ§1§’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.

[0043] Having described the invention in detail and with reference to specific
advantages thereof it will be apparent that numerous modifications are possible without

departing from the spirit and scope of the following claims.
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hydr oxypr opyl cel | ul ose, nethyl cel | ul ose, hydroxyet hyl net hyl cel | ul ose,
hydr oxypr opyl nmet hyl cel | ul ose, hyroxybutyl net hyl cel | ul ose,

et hyl hydr oxyet hyl cel | ul ose, and pol yet hyl ene glycols. 9. The

m croencapsul ated bi ocide of claim1l wherein the wall material is a dual

wal I having an inner wall and an outer wall. 10. The m croencapsul at ed
bi ocide of claim9 wherein the inner wall is an acrylic polynmer and the
outer wall is a PVA-urea-resorcinol-forml dehyde(URF) polyner. 11. The
m croencapsul ated bi ocide of claim9 wherein the inner wall is an

I nterfacial reaction product of an aromatic pol yi socyanate and the outer

wal | i's a“jﬁy&slé[a%ﬂg@ﬁprci nol - f or mal dehyde( URF) condensation polyner. 12.
The m croencapsul ated bi ocide of claim9 wherein the inner wall is a

mel ami ne-f or nal dehyde and the outer wall is a

PVA- ur ea- Hestrierpenshpsulntedehiorife ensynuRimg asdsethiagolone biocide or antifouling

agent as a core material encapsulated in a wall material that has a xylene impermeability
such that less than 10% of the biocide or antifouling agent is released from the capsule
at room temperature to 45° C. over 90 days and from which water or saltwater can leach
the biocide from the wall material, wherein the wall material contains a dopant to
enhance the diffusion of isothiazolone from the capsule and is a reaction product of

polyvinyl alcohol, urea, resorcinol, and formaldehyde resin.

2. The microencapsulated biocide of claim 1 wherein the isothiazolone includes

4,5-dichloro-2-n-octyl-3(2H)-isothiazolone.

3. The microencapsulated biocide of claim 2 wherein the isothiazolone is present in the

core dissolved in a partially water soluble solvent.
4, The microencapsulated biocide of claim 1 wherein the dopant is polyvinyl alcohol.

5. The microencapsulated biocide of claim 3 wherein the partially water soluble solvent
dissolves in water in an amount of about 0.5 to about 5% and is incorporated into the

core in an amount of about 5 to about 25%.

6. The microencapsulated biocide of claim 5 wherein the solvent is an ester or an ether

or mixtures thereof.

7. The microencapsulated biocide of claim 1 wherein the wall material is a dual wall

microcapsule including a melamine-formaldehyde inner wall.
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8. The microencapsulated biocide of claim 1 wherein the dopant is selected from the
group consisting of polyvinyl alcohol, hydroxylethylcellulose,
hydroxypropylcellulose, methylcellulose, hydroxyethylmethylcellulose,
hydroxypropylmethylcellulose, hyroxybutylmethylcellulose,
ethylhydroxyethylcellulose, and polyethylene glycols.

9. The microencapsulated biocide of claim 1 wherein the wall material is a dual wall

having an inner wall and an outer wall.

10. The microencapsulated biocide of claim 9 wherein the inner wall is an acrylic

polymer and the outer wall is a PVA-urea-resorcinol-formaldehyde(URF) polymer.

11. The microencapsulated biocide of claim 9 wherein the inner wall is an interfacial
reaction product of an aromatic polyisocyanate and the outer wall is a PVA-urea-

resorcinol-formaldehyde(URF) condensation polymer.

12. The microencapsulated biocide of claim 9 wherein the inner wall is a melamine-

formaldehyde and the outer wall is a PVA-urea-resorcinol-formaldehyde(URF)

polymer.
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