M CROENCAPSULATI ON OF BI OCl DES AND ANTI FOULI NG AGENTS CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clainms the benefit of
Provi si onal Patent Application No. 60/609, 741 filed Septenber 14, 2004.
FI ELD OF THE | NVENTI ON [ 0002] The present invention relates to
m croencapsul at ed conposi tions of isothiazol one derivatives useful as
bi oci des or antifouling agents. In particular, the present invention
rel ates to m croencapsul ated (4, 5-dichloro-2-n-octyl-3(2H)- isothiazol one),
and using the mcrocapsules in marine antifouling coatings and paints.
BACKGROUND OF THE | NVENTI ON

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 DAOIPEorREIPorattnlintdrtatihkgaifts. ODQEI’!FQﬂcr'bb@’sdleﬁ aglkinogh )'m the0004] One

bi oci de that has been investigated for use jn nar |ntsa d coatings to
prevent ofTtOBHEE sIPsEsH feppﬁeﬁ iﬂ%@e EWWHSM&%%B%VCN& feetoryo i er , t he
sol ubi i t yx 1O N ehe isSa dMbMscHRANBE Bidse ﬁﬂ’%zﬁ‘in@ ainf‘s )Uﬂlc%@ﬁle pJbese properties

have | ed pal nt nmanufacturers desiring to ad T to marine paints to
consi der easules aﬂeassengallﬂlmpﬁmm ty Xﬁ’bne,lthﬁ:ECQéT amaydeekiont of thaeapselepai nt s.

DCO T m cr O(f agga\ylﬁls g am#l?ﬁ%s ! ﬂllrs ,%usseQ/%%oglpﬁ.n&@&gwn%%n&ﬁgﬁf E ed in the

literaturé PE"hot “hHeen gat act or ene is a
conmon  sofsrmntations dnaBeD’(I))IT i3z 4 daesepmd@mblelﬂirisemmigtmét}ﬁ@@lﬂ fi dmp #ithes are
essentially inpernmeabl e

o xyl ene k. out of the capsul es
and r eact TUFIOFAPEHE 1999 H?mtﬁaﬁﬂé‘? ?afeTﬁg%D@' 8&3’?’8 l?ﬁcg‘?:doaé’Yatyfo ‘inﬁb}eeas es in

certain pﬁhﬂ@mﬁ&&@h&hﬁy LRBSHE paihBnDEEhJlidAB¥ndeAHS thelfad ShlakbR tH! asti ci zi ng
of the paint film t he mcrocapsule is too perneable to water, the DCOT

may be |eatzcmé@yamm§oorgaow labtopghmly 2 Blagelaritssayicel life.afeerdingly, 'balierw afilmis
app' | ed T RO Ahrb A At RES AR togmaﬁﬁt @fﬁ%{l BlovilieGh gt danligme at too

early a s age inits Servi Acc reis need “f or
i mproved mmgﬂda&lgdemtﬁemm&?sntheonmnmmmnml de in-can stability and
yet gradually release the DCOT in the nmarine environment. SUMVARY OF

| NVENTI ON SUMMARY OF INVENTION

[0005] Because DCOIT is an oily material 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 plasti_cize
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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100051 Because DCOT is an oily material with very low solubility in water
that is liquid at tenperatures at above about 40C, certain enbodi nents of
the invention utilize mcroencapsul ati on processes based upon oil-in-water
emul si on systens. 100061 In a further enbodi nent, the mcrocapsule shell or
wal |l material is designed to be essentially inperneable to xylene. This
affords good "in-can" stability, and reduces the tendency for the DCOT to
| each fromthe capsules and interact with or plasticize the paint binders
in the dried marine film The mcrocapsul e shell should al so be perneabl e
to seawater. To achieve a good release rate of the m croencapsul ated DCO T,
the shel | thedllerinalasers hosdntt dmsbddivhents solvynth yubha ditasic esteispdlygycolsey

gradually release DCOT to t surf.a eof t he marine, coat.i e

ot esence” 81U et b aLiso PRy e P B o R AU ar g nent o
t he i nvenbjepdly fol Bncd 8. sal twater rel ease, certain m scible organic

sol vents having parti al vvater soI ubi lity are encapsul ated with the DCAO T,
to enhance the rate wth is rel eased om_the filmin water.

In some eH98dl ndhils thes@ﬁ%ﬁ@%h%re@wdé@sw H&sqneapéglﬁﬁ%of IBGP%MW@ s and
glycol et Elelec?m{;@&r?%ﬂ ﬁ:@ feQH&tt&(ﬁer'déR@elﬁ[Wsr ﬁh%%gv&%fmﬁﬁaﬁldf orm

m sci ble DCAO T bl ends ncapsul ati on e the discussion herein
addr esses cdzmlanama ﬁmoawlthmtkm‘r bidcdeT coulthbs proskssed keteinnn & hienikr manpdr]

recogni ze that ti.ves ,and, ana i nations

ther oot - wlt ey ShrrdSpEBo R FRuP R RS LB ot S R e

I'n parti cthadl% @fdhﬂcsreIpmircal@ﬁsahnsgthaﬁQWinamémafonh&mpa@tdrewuma@z nsol ubility
.g., less than 2% and m)re_ﬁ)artlcul arly less than 1% in_water at room

{emper at updy SaMk Rt aolge (T F0s byuieMoksSt G ped Hrir g
benzi sot hjazatieR&sn Sngc)aaﬂﬁﬂﬁed 26h¢ o3h Kb HGTibr Fith YRS atodibr BEo@RBC aPSul at ed

al one or 1 n conbination one anot her or other biocides using the
t eachi ngsbieeides wsingDET wiatlEngDESDRI PTI ON OF | NVENTI ON

DETAILED DESCRIPTION OF INVENTION

[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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[0008] DCAO T can be encapsulated in a nunber of wall materials to provide
xylene in-can stability and to provide sustained release of the DCO T upon
exposure to water (i.e., natural water or saltwater). In a particular
enbodi ment of the invention, the mcrocapsules are able to limt the

rel ease of the encapsulated DCOT to | ess than 10% and preferably | ess than
5% in xylene at roomtenperature for 90 days. In other enbodinents, the

xyl ene inperneability is such that |ess than 10% and preferably | ess than
5% of DCOT is released at 45C over 90 days. [0009] In accordance with an
enbodi nent of the invention a mcrocapsule having a wall formed froma

hydr ol yzepartiailyyvidaylyzedl poblvirlyl aledhqi aed dlei phend®i rasin sompagnfsde.gt hies- pur pose.

In the case of pj.crocapsules.fornmed using partjally.hydrolyzed PVA the
hyclr opht LT RErEHEDRE 78 el See Cam el i YEFRREP 099 ng 't he
amount  of 4 RRIHLBS battsHydk QbnzRHiA }/ﬁy&lwzea PViANGRIraBeEN0ad 30 @alt@‘]ﬁleﬂ@llid- In one

enbodi ment, the partially hydro tyzed pol yvinyl al cohol and the phenolic
resin conisdinerdhs epeapgplationrsegedsisrier making Siepamirsopppadesds well ke sy at ed int o

h i . 1.af : igh
P b e ) SO B S e 1

encapsul abCOoiT fiecreaiting Wit tharssall mgptérieds eherDCODL mpsinbdwith @ solebt known in the

art and is illusiratedq j.n ample 1 A ed..n this exanple, to

pr event t%@‘eﬁﬁ&ra??%Sbté‘ﬁqr%a%%ohveﬁﬁ&(wgﬁg% il\?a‘Fss??l JE]PSﬁe ! T is mxed
with a solvent diluent such as a substituted aromatic solvent |ike SAS 310
from N sspl10]Chafamalo-fohafldehlydAmiadtapsulk ¢&. g rd selayie-formaldeads (ME))(e. 9. a
mel am ne- f or mal dehyde gl\/F)) .shell provides very stable m crgcapsul es

i nper meabiell Provides ¥aw, stahlg Micgergesules ipwemygbledpayisaabibtends 9 &5ie% er to

provi de Q@gﬁnﬁéﬁlﬁﬁfséﬁ@&% th BfovitS ool bIREVAERL BN@e iR BodvVeRiddalg Paints. It

has been nd that by optim zing the shell "thickness, a bal ance of the
desi red pmtifadinggsintst It es betr fovod futiby eptiaimingdhesiel] dhickhess, @ balaacaeefbodi ment
of the prgsent invention nt.r ol 1. GLocC e..shel i by
particle tglle ?%s“gldg tH° Pﬁf? f’gtrlll%gl?\lémg?%sﬁ% ?%n?t(’:eoarcgd%?’g i Igsorﬁggh][b%@gﬁp g(gs[g? ffusion
per f or mangreset inseifiiod] udttol 6f MRERapsuby hell ehitlaicsChy panticlasizedispibutimnt a

m croencapsu ed DCO T based on_an am nqurea-f or nal de e shell system
the target® gﬁ““t‘?ﬂrﬁ koS §°‘i‘t§g‘&5§)@f?£®‘9ﬁp?rg°%8ﬁﬁ Or(f.“ﬁtaWF€¥% S¢or the shell to

core ratiata3teRRRUinQnl3MmboditheRt PRcrdentpsHRIATCOPPERE BY aPiminde Mean
capsul e dianeter and overall capsule siZe distribution profile. [0011]

Parti al | yurkg-fhrokldelyileptyal systam, ithmigregs wall dogkaass is abquh 8. 1ate about}-2a

f or mal deh . cecor e W t I | Qvention an
agent r eflélr%r?%n\g%{ %le rslﬂéérheﬁ%nc%%srqggfsaag\éqétnqhﬁpgo ?%@%ﬁ g&%}é@&ep %\&ﬁ &mﬁgr ocapsul e
wal | to enbtanaesuldd@ambiel hiid/owtallapatle tiae HsaibatidviproBEO T from t he capsul e.
According to one theory, the dopant interferes with the

am no-urea-fqrnal d d on ion reactjon and cause hydrophilic defects
" e m 0P b R R PR o R o A e SEFutte Bo0i T
Repr esentthsaelfdaalle s ffcofaRaih biCénttRlim@aiof tirlihyentiogl af kddny hydr ol yzed

PVAs, hydroxyl et hyl cel | ul. ose, hydroxypropyl cellul ose, nethyl cell ul ose,
referred to hérein as a "dopant" is incorporated in the microcapsule wall to énhance 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 hyt hel | ul ose, hydr oxypropyhnet 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 anmount for thinner wall capsules. [0012] In order to enhance
natural water or saltwater release or extraction of the DCOT, in one
enbodi nenhydrbxyelis/lmetiglotliviose, hﬁ&o@@fﬂpﬁhﬁhﬁte&%sﬂ th a parti ally water

m sci bl e sol vent es of i a msc bl .e vent s .i ncl ude
esters an yr@mé%t)éma%pp P B'é‘ggly é{?t}/‘\@‘:ﬁ{l’il‘?ﬁ@? p‘élé’?té??@ é}?f‘f‘f’l%ts di met hyl
adi pat e, Ghif th &Rclinebe @Bpaﬁ%ea wlu aﬁgmﬂﬁhe Hath el iMtlaebd S fanewall,and

P- 1200, and glycol ether EB acet at e.

di i sobutyl succinate, pol yhﬂafilq

M sci bl e apasinuler enshodimens theddpaets geerinpaporaked éto §hei wall mjanyamonnt ofe r ange of
appr oxi mag.e t he

i nventi ongb(’i’%zqO éoom?l(?éor? r&/e\c{)@ﬂ%?ﬁseamg?yﬁl% %%bgflﬁltewgg%%?ﬁ%nﬂgbsol ute limt
but refl ecdpSul'eQMVmg‘thtcheuvaﬂ@ theaﬂnoun;t om"qummhd@ansxsleupﬂcegd to be mmye teve i nt o

t he contl%?fsﬁfhase a‘id th the DCOT to enhance its water
| eachabi | fPeyiegvgRmoynt Oﬁg‘ g@ﬁf‘ﬁ’ﬁu Ssol vents, for exanple, having
boi ling points above 175C are de5| rable to use. If the boiling point of

this sol vReu2] Sid &@er t6'6hhdnbEngadaV ®afer biSsatlivfet flldabe broextrattiunrofitie t he
m crocapsul e during the capsule drying operation. In a parti, %ﬁ" ar

embodi nenPCHE; #iogh émb%menwgf thevEngian, the GO Tis mixs witka pyrtially yater
i ncor por afecifid Bydnl? eEfaﬁﬁ‘iéﬁn%éu({]f [paﬁla@%fépFmé%fbl@%ntsﬁn&lﬁd@&@éﬁ amP&masd in

ot her enbodi nents 1 n an about 10 to Yo by wei ght based upon the
wei ght of artdﬁmomrffculéltwdmw asters sacheasshnethighadipate, onablepd f digsobuiybul e has

e R e

PVA- ur ea- e&EB bébidic. gMEctyl @bigahiy delvenhdeng itialasatérlsblubilitpiretle rangeor e -5- o
of approximately 0.5 to 5% in water are used in one embodiment of the invention. The
upper range on the water solubility is not an absolute limit but reflects that if the solvent
is more water soluble, it may move into the continuous phase and not remain with the
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] 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
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detail in Exanple 3. The dual acrylic-PVA-URG systemis advant ageous
because it provides a fornal dehyde free product. Encapsul ati on based on
PVA- URG or acrylic alone typically results in quite |eaky capsules that are
difficult to recover as a powder. However, conbining the two systens to
formhybrid capsule shells has resulted in dry free flow capsul e powders.

[ 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
Example 4. In still another enbodi nent of the present invention, dual wall
m cr ocaps détaib innxeanipe SreThedugd adry]mgVA-URG&dysmml ik adl\raatagécmsamcaiusd: grfaci al

P, ur o PROSBIEL P oK e Ry I S oA R LR oR TRGRIRS of &1 st r at ed

i n Exanmpl gofe t redhIe iR GARS 1t 1|11e§l‘1’1§tteﬁgﬁlfﬁ&ﬂitoﬁéd@)v@ﬁaslh%dbﬂ ot her
enbodi nent s otygcﬁlzdjpresen'(tél i nvelﬁ}tlf%lrs] i nclude an MF shell capsul e further

r e- encapsHoweess, combinipg/epmo @E@@Iﬁ?ﬁoefoﬂljl hybyid eapsulp shdlls bagyesplied in dry

re encaps%ﬁ é\% PQJP Jurea-resorcinol gl uteral dehyde pol yner (Exanple
a PVA- sh psu % re- encapsul ated wth an MF process; a

hydroph| lic shell conprising gelatin-gumarabic as a first shell and a

over coat 014l Andtherdnmhoditheht bfthe m@@tdnmtian,ulswd@émpmﬂﬁo{lor mal dehyde

condensat i on_ pol. (. | es 8.and,, 9 I the dual wal l
cyotem. PRERR AR PSR B st ot ST A0t abi 1 ¢y whi | e
t he PVA- URkoreinoPiéfmbldehyiie( URPY potyileds Alidirdtedincxaplls € pli stillanbthied n t he shel |
to facilitate diffusion of the DCAO T in_ an aqueous envi rgnmant,., The dual

val | syst Srbestipent o dhegmgsent igyension: dat walkmiirRTapEUIERYS (B SARBES BRI ng pai nt
formul ati gR¢ 96 uSPlay. 1&919!1&151%409& %)R)dﬁa'd? af Wontatic -ﬁbﬁ‘yléél:%nﬁﬁt £s&brd |

characteristics for m croencapsul a are achireved by adjusting the
t hi cknesswalf of ABAtwea- mmcmnhfcemnabilehydedj&ﬂ‘mnde@am polpmergs ugtratedinst abi | ity

and diff UEI o 10 rmlcrpcarp%al\é’%&[aﬁrs %te g&%}@n Bel us %tcnﬁér eﬁ{E‘BB%SS tf of the

i nventi on, S dicapst han about
8 1 m (t;r gm); g%eﬂﬁdentlﬁm (ilndhlit&raanﬁF &H&Hcap?\ﬂaﬁmhleﬁteeﬂl cam:jlhlteﬂ\wéht}V\BVA— as )

escri bed above. I.n thi the_ use of t iluent |ike the SAS
310 may ngRFEEX3RRIESS &PM g?e?lt%e%%asﬁg%ﬁpa*{]ﬁtsi a@ﬁ}g‘\ﬂ{sa chet system
since theg l%rd@éh&d@%&%ﬁ@xt @ExhipleBYQ PVALORF kRACdabs\de YE éﬂ%aﬁslﬂﬁté@blkh an

conponents. Thus dual encapsul ation process allows the DCOT to be
encapsul aMEdrogessi edrydrophiligishelt ¢aneprisirecgelatiofgunarelinas a st shdkantigr e affords a

more cost erco%g éﬂ n{8ai n%ﬂléﬁ}laldeqtydg Pelﬂi;] C{? 'a L&%cﬁgcﬁ&ﬁmbﬁolr%lal\ﬁ@ﬁ m sci bl e

sol vent ma conti nue ance Wat er
| eachabi I¢dnylensbﬁ&1ﬁolyﬂle‘r @remplebBdnd®nt of the present invention,
mul ti-shell mcrocapsules corrprlsmg an interfacial flrst wal | with the

reaction n rom 0 at sec nd .shel | el ati.n-gum

ar abi c an@fogﬁ fi?“ ﬁ%g‘& %ﬁ%% \Aﬁ? AP ?I{Sr‘ ’i% Y& resin
(Exanpl e Zfidne stdddity wivdlk kheSBAsA QIR Obr P\‘ZACIYRIG&MBI/;Q@@&S dud@ioanIar abl c/ M is just
anot her net hod_of controlling capsule-wall perneability in an aqueous

envi r onnelitdrophilicity 4o g shell to- @llﬁiﬁ diffpsipn pf the OGQRId B 88 2f¥eoHut ur e di f f usi on
of the DXlhohfleliTn¥ thaNenRsen PoVitlnell B M BThAGHAL AR ULARD!

pol yi socyanate I'n conjuncti provi des anot her
m cr oenc apsingpainh fpridGakidn afdhspranapplitatmingd Slgklhnllszlmlﬂyma@tShdhe or pol yurea

br ovi des i gisr e dRari B PapeRE DR SoHiC e S b iR epRpAR e
Xyl ene bage twdibll Bitdtiak. to afford a balance of xylene stability and diffusion of DCOIT in

seawater.
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[0018] In accordance with one enbodi nent of the invention, the

m crocapsul es should be small in order to be used in spray applications and
to provide better distribution of the active ingredient in the paint film

I n one enbodi nent, the capsule size range is about 5 mcrons to about 40

m crons, and nore typically about 5 mcrons to about 20 m crons.
Distribution of the biocide inproves with smaller capsules such as |ess
than 10 mi crons. [ 0019] The m crocapsul es are usually dried before
incorporating theminto the paint fornulation. Any conventional process for
drying m crocapsul es including spray drying can be used for this purpose.
However, {0M6L el aothewainbodithastad thxsinnémion) the DIGOITiinfisvercapadaad fne possi bl e

to incorpgrate the mcrocapsul.es jnto e in i t hout dryj.ng. 0201 In
accor da_ncg‘l’%\ke_t% 5% tglmphﬂgi{nlgpn)[ Iﬂ‘?%W%‘ﬂ%fﬁ?‘%ﬁ{%ﬁ%mmgaﬁﬁmgtPé; bi oci de
i's conbi gk BkscAbdd dbdvé. OBk cide thé MU tikUelveasdilust Ifldelthe § 853OS and

bi nders that have been proposed for use in marine paints, gel coats and the
li ke (e. gmaynethanscessarydguihpendapsulationysiog thoBY A-BRY austen sines e M de coat i ng
COMPOST U1 A prdy B0 1A IR ackthe WAR OWERLSBRndIRY TGS AL fpU! I ng pai nt
conposi ti onscan be prepared. Such®palints can prepared by incorporating
t he m cr oemppsul#mnpesesd dieds ierRCOIT tit ke dnhapsphtadtwithoutithe ditoting effdotit 1 s
sufficient to i r{ the desired antifouli.n roperties. SQuch anpunts can
be readi| _9f ?ﬂ’g‘feéggﬂadﬁh‘ifegﬁ)?f??ré%? W%@PS{ ?fg“scbvgii‘?’fl?‘gd qfﬁowﬁ%ﬁéﬁw‘ anpl es of
Marine paiyafed miRR §deknt thal B6ntinut &5 B e withahe BODITSE Enlaniew @b May contain
about 5 to 50% by weight, or in other eases about 10 to 25% by wei ght,

xyl ene or leaghgbligy. sol vent base, about 20 to 30% by weight zinc resinate to
plasticize the resin binder, about 10 to 20% by weight resin binder, about
0 1o 50% [09i7] NHSRRmboaRER @ﬂﬁyhré&ttirﬁreﬂgg{?, PuRh I hicrdHNuRWS Oxi de
pignment, and 4 to 6% by wei ght thixotropic viscosity nodifier. Generally,

t he i ngr ecimaprissngmariatetthaaldirgtvall with 8 reactibo of aweromaBOpellyisofyanife, gpai nt
conpositign is, ntroduced into.a tiaght nmetalli ntai ner of. 0. 5L capacity
t oget her %c%dS%B Oﬁngg? PR a\%hcn%ﬁd agpn% P‘éesrsoalgg%c?ggv‘\’n& a?hoqgneé%rélrrrlgt er of 2-3
mm The cfnhaldeigfdeirssid (ExamplealpNTheB-whll sybtamtofssooyanate/meidtiarguanl shaker. The
final paint c psition is separated fromth | ass beads by filtration.
The i cr o@ﬁ'ela}é_é"ﬁ}w%&nm metb?%eﬁ;a Watrpling GapsH o‘g%llf BRI FAPMEOPH an
anount t O REQUIndft. TS iR ArAR-@in{ iRl hitdeMIRP Brchiafiite HitRkioALEHEEsi red (e. g.,
about 3 to 10% by weight). The anount required will be a function of the
rate at WRCERT ihthe Rgong-basedipaintsh ddhefintortaciti geastion obppgiseyenate m one

enbodi nent . .t h I I ' { rovi out 2% DCA T
in the drédgéqc%&%ﬁﬁ@yﬁ%tﬁ%ﬁﬂ%%&e# g%.ot oNS or0f{rrﬁ?lgl?)glgcr'f1 %{ﬁ)%tu ated DCO T may
i ncl ude uBEOES. The tdrfaolal ddn bEpeamethbnoa pbbyuren foahakbyothe o¢actitrasfate pai nt s

and coatings, adhesive seal apts, caul ks, tic and. patching.materials,
bui | di ng ‘EYé‘P?tSIWét?‘“P%’g%r?éarPﬁYé?‘i‘%ﬂ@"%‘é%%‘%ﬁgw LT INERITRE  pol yrer
CoNposi t egpsklaR@hiliBf RIBSLY 1 baRRPRAMFGR#ité.Ngs, wood preservation, cooling
water towers, netal” working fluids, and as a general preservative.

Addi ti onal | Z whil e the discussion herein particularly addresses xyl ene
based pai HO38] tIneceqrdass witkans smbedimentefciie Hwertions Bt hisrosaRsulesy al so be
useful in i3 ; thdBsd &t [.1a§,ea ioRs SNt St Beki¥y f Or paints
based on %h;ahg\rﬂe%g}lgé%tg}sdég{l}c euggdcﬁlfgt 8_@1}%1%'?& one(s),% %(? eB spreci fically G5
to C 7 kedisnibstigreofghe aativt ingredis uthy paikefilmeln(dvdeBiGbodinsnt ity capwitlty| ket one,
hexanone, .etc.):. CG1 to C 10, al.co S, nore ecifi.call -4 to C6

al cohol s (& r@"?‘%é ’lsi-gB?HtgﬁBIFmgﬂ&O %’-OBE?%Wr%QSh%‘BS’r;G t@%aa}{yo%&‘-l%méﬁr?nﬁhat ic and
aromat i ¢ fE6@OAHRHs. DistEhigipe of fHebiddide ibpréde witidfaller dapsiesanch a4 i 1| nore
specifically C5 - Cl19 hydrocarbons (e.g., petroleumspirits, ethyl benzene,
and tri nelesfthath EhsiEDs: “ and for paints containing plasticizers such as
phosphate esters and aromatic esters. - _




[0022] In accordance with another enbodi nent of the invention, a

conbi nation of two or nore m crocapsul es 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
sonmewhat | onger tine. These tnicrocapsules nay be made 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 followi ng non-limting exanples. EXAMPLE 1

M cr oencapsnabpt Taamidroddpadlbwdre dshally Bried beforeGasvirporatingth&aline e gaidtuent

100241 in scucous RRess, has, B et o6, cons, ot no, ol 160, grams, cech of a5

(bot h mangfyacd dhed ubdd Bt thiSHRpse! Slowdtel, RP Certdim WateRbadtdplints, tREI agUeOUs

phase is héated to 40C.
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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[ 0025] The core material i's prepared as a m xture of 100 grans of Kathon
287T (979 manufactured by Rohm and Haas and 100 grans of a substituted
aromatic solvent, SAS 310 manufactured by N sseki Chemi cal and heated to
40C. The aqueous phase and the core material are added to a 1-quart Waring
Bl ender jar and the slurry is enulsified at noderate speed for about 15

m nutes to produce an oil-in-water enul sion of droplets in the size range
of about 10 to 40 microns. The enulsion is transferred to a 1-liter beaker.
The slurry is slowy agitated using a turbine inpellor while maintaining
the tenperature at about 40C. A solution of 4 granms of urea and 10 grans of
resor ci no{002m] 60tigr appicafionsddemicicensdpsulated DRI thay inblxdensd asiaon. A sol ution
of 2 grans so ate in 30 ins of water is suﬁg}g uently added to

m_ sul
the sl urr §oRHp ?IGYT ‘Wé’@‘“ﬂﬁé‘h fats. Ogﬂﬂéﬁsﬁpaﬁﬁwmgﬁe VSof@tGn i s added
dr op- Wi Seciikd ﬁiﬁ@ﬂ: ahd ﬁﬁlcﬁiﬁtg‘?ﬁat&ﬁl@ buiding HteRadi fobfRg RhtedBlsRhctods a 10%
sul furic acid solution over a 5-mnute period. The slurry is warnmed to 45C
and after Shmgi% plasiécshipalymer @@msutqsnpapﬁr Brogeseinig.naper, cogtirgsoWoedsor ci nol , 50 g

Thi s sol ubieese i ssing Gt 50k, RA AR AR A il BERRARES OE DL 50
15- m nut eAIddiltldnmayr while ﬂrelch)s“cuﬁsmrﬂtbdmmgambﬂaﬂpadﬁwssésaiyﬂer@’wsddq;amtd dteer
Fashi on. " apsiionye g e g 56 Ay S PosslnrevidnE WVEs nours. The
M cr ocapssRiapbdrdyinican S@sitiBook ?mﬁﬂ%h&ﬂtont(ﬂ@%l%ﬂli fuchRsCcphb adjgisted to 7.0
usi ng 10% sodi um hydroxi de solu The slurry is then diluted with water

and strai h@@neﬁsﬁnﬂ@ specifiglly G5 bufn Kkatanss (g r agdvkisened kstong (MEBK).r  and any
debris. ?arﬁ 4h&e l'k%t Etheﬁ?ﬂ %@ Oy, ?&‘btﬂbed{@hfifs%&% kiéé?ﬁcah? ¢gigle. The
super nat an qui ecan ‘and”m crocapsul'e concentrate rs re-slurried
W th wat eC-6 fAcchoi (k. gamdmﬁnobémﬂ/-bunoxly Ethdnos) I0-% o €450 mliptatiRanGamomtiConpany i s

stirred i slurry; .and the 1jcroca sules yacuu f red using
Wnat nan ahosasrSererper Ry S e H BERRRRS 5 SHCmEREPEhY E6T | owi ng
powder. Toeg he&btABdHs (&k cbaﬁﬁaﬁwblﬁﬁtsaétﬁylméﬁzdny ala@‘tﬂﬁeﬂﬁyplﬁdﬁﬁéle?%ﬁdcan be
incorporated in a narine coating conposition to inpart antifouling
proper t i efr pAnts coneinirgpiaticizsspBribas RS SlersandiFomatc §sierscy | ene by
placing a 50-ng sanple into 50 nm's of xylene and periodically analyzing a
small ali gm 31 Ofn dcbGidXeSAfm 2BRfeE LAPRRMEIRI SR dnYioh O confinRloR DERFS Of
DCAOT to termne the amount diffused through the capsul e shell. Sanples
wer e test @dnelfewprommnies tzmbﬁgéed whidhorelese theiscide itahiffergntaptearfos6 days at

roomt enper at roe S T Bi oci de
{0026 *Thevaets Sas EEORTPRS mhfy B SFREARIHEAR B sResllibr SRR 0 7 OF o
aqueous Cctimat p&u@@dmhather mmwapsiﬂm(e) riight ecaps taeselasssihé biotide after or

am no-formal dehyde, shel | . _/An agueous phase is pre nsi st ng of 27.5 g
of a 3. 75%6@%9%%@%9%@1 %‘nSnﬁWFlnE}%m&%PSHSFWB (fﬁ\a ? @?@{%ﬁa y Zeel and
Chem cal IR digtdit Wall t180thedRs RacBordhndbaiifd otREmiRa Gt S HSC. In a
separate vessel, 32.5 g of Kathon 287T 97% manuf actured by Rohm and Haas
and i s heavediono 45 to forma liquid nelt. An enulsion is prepared by

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

| ka- Wor Ksgath ¥er | ed to produce
Kat hon dr%)g? gt sTl?r%‘grt %&%Xaﬁ qur %llrl%lg} 1@? St%llgtséd-’b}lt Qf&ﬂ\@/@ﬁ% Ig&?rltglhgitngl ning the

t enper at ugxamples45C during the enul sification process, 5.58 grams of Cynel
385 manufactured by Cytec is added to stabilize the enulsion. After about
15 mnutes, the agitation speed I?‘Mﬁﬁg‘ and additional 1.79 grans of the
Cynel 385 resin is added whil e t he terrperature at around 50C

manut act ur ed. by rreaRuiet o karanabEl pridrdnl SHPHaENERN i on o1 11

grams of a 15%salt sol ution of pot asgi_um
o



-11- di hydrogen phosphate over a 10 m nute period. The tenperature of the
m crocapsule slurry is slowy increased to 65C and 2.06 grans of urea is
added about 1.5 hours after the salt addition. After an additional 4 hours
of stirring at 65C, the slurry is cooled to anbient and the ph adjusted to
7.0 using 45% pot assi um hydroxi de solution. The slurry is diluted 1:1 with
wat er and sieved using a 125um sieve to renove encapsul ated air and any
debris. The mcrocapsules are allowed settle and the supernatant |iquid
decanted. The microcapsul e concentrate is re-slurried in water and the
decant ati on process repeated. The microcapsules are re-slurried wth water;

vacuum fi ljeo24pd Au}sdqngou\é\@aasé%szbr@a&ameﬁslstmgd)fu6(agradrsieed1 fld St stramgttt he | ab
bench at anbi ent conditiaons or war.m Qv ? Itant n1c capsules
are a dry2fyceus Fleigns gf pelwgey] %lwl Yipplpa0 e@;mqo? %i@&? prgy %C&HF

Tar i ne_paigf pd QLAY 500 lefh R QUiC TR ebagep}fageal@meaem@aeordance wth one

enbodi nmen e i nvent he m crocapsul'es were tested using the xyl ene
extraction test described in Exanple 1 and 1.4% DCO T was rel eased after 56
days at r (025} efl’hecmmaecnaEMbﬁLaEed&lﬁ avhigtue ot H}P<graras ololkathén 2838 T Bi oci de

wth a Du?d7° hn%n{ufacturec(i" L}’ kl glf aas an rl%_grra%ﬁso S ai sr&B'stier'e& El%rnﬁkige hyde
solvent, SAS 310 manufactured by Nisseki Chemical and heated to 40°C. The aqueous
phase and the core material are added to a 1-quart Waring Blender jar and the slurry is
emulsified at moderate speed for about 15 minutes to produce an oil-in-water emulsion
of droplets in the size range of about 10 to 40 microns. The emulsion is transferred to a
1-liter beaker. The slurry is slowly agitated using a turbine impellor while maintaining
the temperature at about 40°C. A solution of 4 grams of urea and 10 grams of
resorcinol in 60 grams of water is slowly added to the emulsion. A solution of 2 grams
sodium sulfate in 30 grams of water is subsequently added to the slurry in drop-wise
fashion. A 30 ml 37% formaldehyde solution is added drop-wise followed 10 minutes
later by the addition of 20 ml of a 10% sulfuric 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 slutry 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;

-10-
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100271 An internal phase is prepared by m xi ng 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 trimnmethacrylate (10
g). Just prior to enulsification, tertbutyl perpivalate (1 g) is mxed in
to the internal phase. The internal phase is honpgeni zed into water (254 Q)
cont ai ni ng pol yvinyl al cohol (Elvanol 50-42) (6 g) using a Waring 1 liter
bl ender for 10 minutes until a stable enulsion is forned. The emulsion is
then transferred into a 1-liter beaker with overhead stirring, thernoneter
and nitrogen supply and deoxygenated with nitrogen for 1 hour while heating
to 90C. Thead Batbidrdcapsules ard ek aumifilRRA ukimp Whdmbod10papériaad tray driegen renmoval
- 12 0 before being coqled down to 45&5 The resul ti ng%q%gllgl si on cont ai ns
|

pol yner i c Dieues ¢3Qerams ohdydFrsriayiRg PR3 ke Fselta air BSUF Y t he
| Cat hon 28§ 0NRNIdAY afd ERAR iREHrhbrated irSh ARriRE cbBnPLehSfionko Aafakt Aive

particles of encapsul ated Kathon 287T are then Subjected to a secondary
t r eat ment feulingS@®npertias! Thaqictoespsulpswergdentad fonstallityan aiieneiby platitate TG 8. 3%

(60g) over.,,12 mnute Q. v/v% sul furi i . ] es, and a
i xtur e orCurashsl o sHRSORIE sl bifodhalf abefiifla S8 abmofbae 3

md guéI ez. kigkene @ﬁr&ﬁhﬂcﬁn%ﬁc%%@ﬂhﬂ%&ﬁ@icé?ﬁ@@?l(% gatemtride thetagtoufts g) %] e
adde rop. W se ver ow y ov nut es revent aggr i on. en a
second ad@ifﬁsﬁ‘i_ﬂﬁ?ug).{?rtg%ca(l’éulﬁ)sl}e?{ e‘éawgsmre Eeit.eg agsr,m%mc?t eﬁgl%o g) is
added OVe'Dé@ITfﬂv&i%ﬁéseﬁ%hEPS’@(@ay?Xtx%oﬂi!téxh &raued. 25% gl ut er al dehyde (5 g) and
water (5 g) added drop wise ovér 12 mnutes. Followed by a third addition

of urea (2 g), resorcinol (1.5 g), and water (20 g) is added over 12
mnutes followed by a nmixture of XXAMIBI?a| dehyde (5 g) and water (5 @)
added drop w se over 12 mnutes. After all additions are nmade the

tenperature is increasmr{?gngggsﬁggoﬁgfﬁggmn%wg;g&g@i ght to cure for

approximately 16 hours. After cooling and pH neutralization the
m crocapsules are filtered and dried to produce a fine free flow ng powder
that can HR026kadibe pi¢raenseparaiioa @f themsatdlathen & Toacaricd entinRALAYAYS 0 provi de

a marine %&ﬂEduBQs bﬂ&s@fbcp%&i% %ﬁc%&ﬂgulgygorﬁm z{ﬁea[ﬁtxing-ffoxrnﬁ?deh?c‘i’eeéﬂal.on'
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

-11-



EXAMPLE 3B 100291 Exanple 3A is repeated using a solution of sodiumsulfate
powder (2 g) dissolved in water (30 g) instead of alum num sulfate. The
sodium sul fate solution is added drop wi se over 12 mnutes. Again, a dry
free fl ow ng powder was achieved that can be readily incorporated into a
marine paint formulation to provide a marine coating in accordance with one
enbodi nent of the invention. EXAMPLE 4 Dual encapsul ation process with a
first interfacial capsule wall of acrylic polynmer and

PVA- ur ea-resor ci nol -f or mal dehyde pol yner

dihydrogen phosphate over a 10 minute period. The temperature of the microcapsule
slurry is slowly increased to 65°C and 2.06 grams of urea is added about 1.5 hours after
the salt addition. After an additional 4 hours of stirring at 65°C, the slurry is cooled to
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 3
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 - o



10030] An internal phase is prepared by m xi ng 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 trimnmethacrylate (10
g). Just prior to enulsification, tertbutyl perpivalate (1 g) is mxed in
to the internal phase. The internal phase is honogenized into water (453 Q)
cont ai ni ng pol yvinyl 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 enulsion is
formed. The emulsion is then transferred into a 1.5-liter beaker with
overhead stirring, thernoneter and nitrogen supply and deoxygenated with

ni trogen befordbdidtiéootdd downhe A5POIThOreBilfing dfilsioa icoitains polyteribphuticies 90C f or
1.5 hours after nitrogen renoval before, bej n]r% cool ed down to 40C. The

resul ti ng ceRAEIEING FrokimecsBel, prsapsulgiing the Ratbon 28 Ray%3 8Py a pol yneric

shel | em%ﬁﬂdie%ﬁieﬂ)@l@‘ﬁﬁcﬂéﬁ&hon 287T having a nean particle size of 19
m crons. e particles of encapsul ated Kathon 287T are then subjected to a

secondary treatnment at 40C invol vin dr]gf W se addition of a m xture of
urea (3 g)J0028ksdhe pertirles of encgpsul sthere? 8 4me hen sylectadtord sgeendsty Then a

sol ution i . . e : i dded dro
W se over Wfﬁ&%g%%?g?k#ﬁéﬁné&% ol%egﬂ%gﬁﬁog%ogﬁgp}g%{uééﬁirg8%)5/(2{.6§gfﬂ ) is P
added dr opver [2emiautes, 100//vforulfasc acMd (3drg) avdrOi2minutes, dndladniaturd 0Gred@ v/ v%

and 51 onl PRS0 SRR OAGLFYer FAGHRIS cEsRA HRGE PR A & sol ut{ on
of urea (3nédraldéBRIYS Fﬁeﬁid &é{eﬁ(s? arcMAHE drop wise Wty abey % bommisabyde (15

m) is divided in half and added over 12 m nutes fol] owed bg t he second
hal f af t epreyentmggicaetion. Hded asecond eddiipeofirez @ $)sropererok (1-p gpAndiates| owl y

heated to . I i it o jinol (4.5
0y vt o Gy Q4R byt pinfich B[R hflrbb S48 Bdetaeny de 59T &0 L
After all wathdi(3 gomidedidepveskeover h2 ntimutese rEallowed by aithiot adgat dfuoem(28C t o 50C
and hel d overni gh ure for r.oxi mat el 16. hour Af.ter cooling and pH
nout ol i 28 rorran (S of ghd vl P BrRAdeR oSeg Hindes iy B o ary
product t bap5%afhtealdeRRdi(5 ¥) AMCRAROGBE) addddirsp WiseRk e Mufts. A@emll ation to
provide a marine coating in accordance with one enbodi ment of the

i nvent i onadditignypramadaihs tenperatuseiis insteasrs fram 48 Enieri0s¢ pad Beldioneighbci al
];ic rst val {, Wil BrbPfoksdtd 98 nBlirs 2R ARF QBRhE SnPPI SRV ANH Be @ Second shel |
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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PVA- ur ea-resor ci nol - f or ral dehyde condensati on pol ymer [0031] An internal
phase is prepared by m xi ng together nolten Kathon 287T (90 g) at a
tenperature of around 50C, with Desnmodur L 75 (Bayer) (10 g). The internal
phase is 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 mnutes until a stable enmulsion is forned. The enulsion is
then transferred into a 1-liter beaker with overhead stirring and
thermoneter. The batch is then heated to 50C and a solution of triethylene
diamine (0.5 g) and water (10 g) is added drop wi se. The batch is then held
at 50C overnight. The resulting elmXAMPLE#Ntai ns polyneric particles each
conprising a polymeric poly urea shell encapsul ating the Kathon 287T having
a mean particle siz@uaf ent8siiatibn Poceskhdttpafitst Bteficial capagapsul at ed Kat hon
287T are then subjected to a secondary treatnment at 40C |nvoIV|ng drop w se

addition of a RaNlofa&yRE pslyRer 4nd IWA-uE’&S&Ed‘rblﬂ@lLfohﬁal@éhydalpdlewi* (30 9)
over 12 mnutes. Then a solution of sodium sul fate powder g) and wat er

(15 g) isj d AdriRmA i BYUthRdng S B@RerdnchedoraontI8om (050
fornaldeh;§§d§15 é1)nisﬁ§ﬁ§§§ﬁdﬁm W se évér rmnutes After(a f% m nut e
hol d at 4a@tememe/@%axpmfr%0amt meﬂxyéméucma@(mgéé H\hstansdigl nut es. The

bat ch Th d

batch 1 YISl G R0 MpuRSK RS IRCAYSY thabtfgy Then 2 second

37% f or makgeakifidati¢nl Gertbu)yl pezpdialutej(dcg)umh@kiﬁn artﬂe anldnal pham Th2 imtemak es

foll d by th d | f aft 15 te hol t, 45C T h i

then st1 r P I RTEIEGNESH Hisav e (93 REETUBRE PORGLM oo P apezh of ur ea

(2 9), re?@éﬁnﬁ‘lﬁlvﬁ@ol@)lﬁo %y’us(I%Sd%n qih@e?"élefnaérrmfgiﬁhmﬂ@&rmam) i s added
a

over 12 m nutes. ter al ditions are nmade the tenperature IS .increased

from 48C stgbls@muésm in &rmedy Ehe pyghlsionds ther Eansierresgpiosyd- driifes byakes WitBur s .

i e to praRataild, AEhR e Bl o Syl SRR RS o Bher e
r e- encaps thatrewhivd lidatif/4a-90RE. bt pareh is then held at 90°C for 1.5 hours after

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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[0032] 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, Cynel 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 umdroplets are formed. The enulsion is then transferred into a
1- liter beaker with overhead stirring and thernoneter. Then a 15% salt

sol ution &Me@be:@ﬁnmtlﬁsedsemfr&hmektﬁgm\’qma&namadvenﬁ@twdedf&rop w se. The
batch is then heated to 65C over 5 hours and held for 4 r then cool ed.
The resul EPPIGXEIAEIE I howsnflrreoofng %J;elﬂ aewealigatgndhe @éfe?fsaeaﬁmrgl ng a

POl YIB! | C @ic%nd BHEPIIFEARE a SRPhRA AP B el ifGorfiRa @@ T having a
mean particle size of m crons. [0033] The particles of encapsul ated

Kat hon 28TmriggE nmnyfoamelatnbrew mipviflel@tharine bedting Thacsordad@ with éneact i on i s

subj ect ed 190 (2 1 é&q I;nro%at ment at 45C involving drop wi se addition of a
mi xture of™ur g’f‘ g&&8Mei nol (3 g, and water (30 g) over 10 m nutes.

Then a 37% sol ution of fornaldehyde (18 M) is added drop w se over 7
mnutes. After - 16 0 a 10-m nut EXXMPLE545C, 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. Thebu# vwaticattcaddict canprifingparsiatanfatiahfist wall eéthtik g), resorci nol
(7 g), water (30 g) and 37% f or mal dehyde (25 m ) is divided in half and

added over 12 m nut esactioh bbaestomyti¢ pslysesanste tdetorifshell oft 15 minute hol d at
45C. The batch is then stirred and slowy heated to 55C over 1 hour. Then

heated to 60C for 3pWauirsa-AREkcHRPFRfaldBhy RS cofi@tshtith pyighg@H neut ral i zati on
the mcrocapsules are filtered and dried to produce a fine free flow ng

powder t hajo3gpn ARGnteRAMpHaYe 1srp9@fa&qwrﬁ&mg%ge@erm1eﬁqcaﬂﬁ;nrﬁsﬂr@myj ation to
provide a marine coating in accordance with one enbodi ment of the

i nventi onat amélpnﬁamr@@%qsgmde@@ewzéh DesmedprdsTh@ayerd (302)eddedntemakt i on t est
deser o BB o SRl 0L 5, APIRLS S EU BEeapgsaree ol
t enper at u(eg)end (Rlvafol D(DGO)’(M@)angI ®Wandg &fiteebled8erday 53 minulds@ntil a

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

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. Aftera

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 pol yner 100341 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 emul sion. After about 15 mnutes, the
agitation is reduced and 10 - 50 umdroplets are fornmed. The enmulsion is
then transdlefisrest ured @ g, résdrtinelr(3lppakeer (26 'ghaxQNHr%l &ﬁﬂlambhydei(t@nﬁ)ﬁd

thernmoneter. Then a 15%salt sql ution sj.u dro en
D hosphat ¢ dIvidesiaBilt aCaida erer Tomanygt foned byl Reeda Hherh S BUSEe 1 5
hours andpbgladafel thetah ib ﬁﬁﬂsﬁ?&iﬁqslom?héﬁﬁ%t%ng 08Ul RPN AGRRA ai NS

polyneric particles each conprising yneri c am no-fornmal dehyde shel |

encapsul a’addlgon bfenea@tg)mscz@m B W\@%@ﬁrﬁhﬁl%ﬁ% farmaldshyds (4% meis i cr ons.

The partic I I and hal f
are fil te?é‘%% over gegkg&%?al%&%%@ (2‘1%2;7[ ‘ie dle %Ynf% vﬁ%% tl]se@ﬁgés\éhgl% %ake IS

t Ihenhr F ?ulscm E’(ml )dCIaﬁd Aeldioxénaight wf cuvafoe ap;(raﬁﬁlag:)y tohdwas. nAfier qooliygyamly |

al coho El vano 42) n ' t.0.a second tre .ment at 45C
i nvol vi ngPHrUGBtrWZ%‘éOIhéﬂm‘FrSg%’ ]gl]es Ely g&“?%ioepr °§ ag’é)g;? %Q/er 12

m nutes, 10 v/v% sulfuric acid (34 g) over 12 mnutes, and a m xture of
urea (2 g), resorcinol (1.5 g), apXxA®PeE ¢ 20 g) over 12 mnutes. Then a
nixture a; 25% gl ut er al dehyde (5 g) and mater (5 g) are added drop wi se
very slowy over 20 mnutes to prevent Q%begyztgen a second addition

of urea (2 g), redeIEF}Fﬁﬂca(’iuﬁrﬁjencaé’ﬁﬂa PEYHHded over 12
m nutes followed by a m xture of 25% gl uteral dehyde (5 g) and water (5 Q)

added dr oppgsb € AQVRerndPpHikidtpRspardd Myl rRdBEl Rithen DBTT 60l bt d @Mmpefatiis 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 -
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g), resorcinol (1.5 g), and water (20 g) is added over 12 m nutes followed
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 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 @floinfiGutsTheldas apaT)16S//398 Sulfirfticida$ 0 edl) 'ﬁtadd&ﬁlrolb wisehivsrs est 2. 4%
DCOT was rel eased after 14 days at _roomte ature %) T was
rel eased afnwes. fhelpaieh ipthen sfisredag ARiS; evey b ho Q@]“@)@S é‘ IRO # epeat ed

using a O?Alh‘t{lérp&lﬂéa %?'ﬂdwraﬂ&f(@tg? WRNGES g{a&d%%fo?&glld&%el(@s tier (30 g)

I nst ead um num fate. The Sodium stlfate solution is added drop wi se

over 12 nilivitedsn htfaidwndded dvey 12 meputes ﬁxﬂpwgd bvihssecand half afaie bBymimi#t  can be
o201 RSB, e GR350 o R S, I e

heated to 60°C for 3 hours and cooled. After coohng and pH neutrahzatlon 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
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Dual encapsulation with Gelatin/Gum Arabic as the first shell and nel am ne
resin as the second wall 100361 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 m 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 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 nelt. Emulsify slowy (-10 mn) to achieve the desired
dropl et siKathopDB7ZBaving b arean parfickitfef 16addoho Thegalteddsef endapsulateghpar at us

in an enpty wat bat h. ing. a, Se ory..funnel bqut war m

(50- 600) &é&?ﬁiéé’ﬁ Stk ére %ga&&é&ﬁﬁﬁgtmy@@?e% 88‘&6? eﬁ’fgagiltg‘jr oscope to

observe | i sls by )d THE IR cARAATIRA kQSusPéndad il AlintktRIFvatdhads4partial ly

wraps the droplets. Adjust the amount of deionized water up_or down to
P

aCBi eve t kprfainingpolyvirsé gicpha (Blyard 010-#) (6 sbansbaicetedyo asFPATY few i ce
cubes to . 1 Ui b d
%ﬁm\@g{ £ré8$1k?|hﬁalé/%ﬁ %?\ﬁ:wéemﬁdglo%f% gfzﬂlg{ﬁ)ﬁ@;su %5 8394 6?%)be observe

m croscopi ca coolin ck mcroscopically again
t o veri fyowér I2hminatek,ut0i vavsissl fumisadid/ (3¢ g avenvii2trinates,cind @ ezibtuee efairka @or nat i on

o L 8 kR 5) e SB b S ERAAS T, RSy Sl 8L cherve
time 10 gbRMGralaéhydels g atdaraérds py R dddeddidp diseAlehyesloREbiveg20mirtitdsae, Stir
overnight, allowing the reaction to warmto roomtenperature. Decant 2
times by peventigseapinn dhenasedoad addition alyrery (24t 1§5300ONL- 5o ¥ WS wat er .
Capsul es %ﬁf'g)'ig’gddeg 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 grans 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. [0038] 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-wi se, add 10 grans 15% di hydrogen phosphate solution. Heat to 65C and

hol d over cii geadi 'ﬁkorF&afeﬁ@xﬁthﬁé@hh&t formutiad joisbvidb e npkng coafin@ Wi t h 45%
Pot assi um Hydroxi de solutign. Filter, and wash w th dei onized water Spread

out on a Phiseprdapsseyith enembodimpens of e dMEBEOR-n a free fl owing powder with
single (droplet) capsules as well as sone aggregates. EXAMPLE 9 Dual
encapsul ation with Gelatin/ Gum Ar giovies.E e first shell and

ur ea-resorcinol - formal dehyde pol ycondensate as the second wal |

Dual encapsulation with Gelatin/Gum Arabic as
the first shell and melamine resin as the second wall

[0036] 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.

[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

-19-
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[0039] In a 1000 m beaker fitted with an I ka-Wrks m xer and 4-bl ade
turbine inpellor, dissolve 6 grans 300 bl oomgelatin and 6 grans spray
dried gumarabic in 240 m deionized water. Start m xing at room
tenperature, again and heat to 80C with stirring. 100401 Adjust the pHto
clear the solution wwth 10% NaOH (-- pH 7). Adjust the pHto 4.1 with 10%
Acetic Acid. WAarm 40 grans Kat hon 287T to 50-60C to nelt. Transfer the

Gel atin/ Gum Arabic solution to a warm bl ender jar and add the Kathon 287T
melt. Enulsify slowy (-1 O mn) to achieve the desired droplet size (10-40
m crons). Transfer back to the beaker-m xer apparatus in an enpty water
bath. Usi Bgisolatepattas poiyt by filtsidl and bddihg LBEgrarhs Aedosil 9BR 0L filericake zed

wat er was added, dr.op-w se. eck with a rosc g 0, observe liquid-liquid
phase sepé?‘bf}}abwgd?aé{"@qﬁ'ioﬂt Hiedoppxvellar FQPY"g TP °"tt Bad’laB‘?Fl ets. Adjust
the amouni, i (FHInRRIGRPESABERT THES 126uld@a e AGWINE BWIEY Witk ﬁﬁ%l Begi n sl ow
cooling the beaker by adding a few ice cubes to the water bath. At 35C, the
fluid pol yreplepkapsules howel apsonaaggragetes.ni cr oscopi cal ly. Continue sl ow
cooling to 28C. Check mcroscopically again to verify if the solution is
nostly cI I r ymer.
Conti nue V\)M Cohﬁeé%ﬂgox%mg@%%q lh’ ?@%&2@%?%‘%&%% SH? I 6%1 and no
free pol yfilter-cako i iersuspendal inr?2§ grand &G, 7% EMWA sblutiomand1iD Ig}r@mnmd 25%

gluteraldeh de i s added. Aft rmrelce r.ni.ght, all ow ng
the react i 3e%$ﬁﬂn§t?3§r§?‘%ﬁ§%‘ et Bécgi?ﬂ’sé 13%8 thtl ng

capsul es a@ibiuk&i REEr. F ANSI°0Y didpiwises3 @ld 10 gﬁﬁisqﬁrﬂ@idy&/@g@rpho@ﬁwl es can be
isolated at this point by filtering and adding 1.5 granms Aerosil 972R to

the filtepaletge Iémtcs% iang hpld Oézev\mlabt 9t 1P 1eamytpraperaturg andadiust thene powder
is laid \CA’PH t89. oawl&?ﬁ’@% PB&‘éﬁLmt@d?@a o@'dit nO Y@ SQtwas Wn‘ﬁ d"efoﬁ%& ed in a

free flowng po wder With Si ngl capsu’l es as well as sone

aggr egat ewateA Spreathoitwalal papartowel tadd§e dr Ibyresultetden arfige lﬂlowutgmoo?@ledwuhnt ed
slurry. The “@%H ter ake i § re-sus end din 25 grams of 3.75% EVA

sol ution SAge )cfélP A Y et &pe Ef’?laatl ng to 50C and while dripping
in 2 grans Urea and 0.2 grans resorci noI in 10 mM deionized water. At 50C,
drop-wi se, add 5 granms 37% For nal gNAMPII® ution then 10 grams 15%

di hydr ogen phosphate solution. Heat to 55C and hold over night. Cool to

room tenperat ure apgalagdédpsilatidiewitiiGeRtid/GmAtdbidadhdnisasellum Hydr oxi de
solution. Filter, and wash with deionized water Spread out on a paper towel

to dry. This resl hﬁd—rb%r@nélf@ﬁnﬂﬂ&%éé%@%ﬂﬂeﬁsawdshhesd'e&ﬁidamﬂﬂr opl et)
capsul es as well as sone aggregates LE 10

[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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Mul ti-shell mcrocapsul es conprising pol yurethane/pol yurea, GCelatin/Gum
Arabic and nelamne resin -21 - [0041] In a 1000 mM 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. [0042]
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.
Add 4 granms Desnondure CB-75 and m x well. Transfer the Gelatin/ Gum Arabic
solution to a warm bl ender jar and add the Kathon 287T solution. Enulsify
sl owl y (- Eéhngi, ahout 075 el iwama (5016008 Skeioaited waek efas sdded d¢apdwise. Ghenkons) .

Transfer back to the beaker-nixer apparatus in. an_enpty water bath. Using a
separ at or 1@@%’&",5?%{1?69 PE?P?‘SQ IFH““ETBH‘HH PE‘(‘?—CGER‘?IatH’_é‘i of ﬁir@é%pl}ﬁé‘? g‘f‘t was added
dr op- Wi S€ ., (hee s kit doplels! AGRPeaoBRSSH RNl Zed Wakkr bp GHdsviploas e

separati oﬁ of "a fl'uid phase that partially waps the droplets. Adjust the
amount of adeéwsrthisechultaBeginstovoeoddingithet heakgs by edeing laifew icesybes tofleggi n sl ow

cooling the b e di f I t At 35C, the
fluid pol ;‘/"'F?%elr g%ﬁa‘éte?éséﬁgg\egp e8 %X@gﬁé/hgage %%ggigbsecog)s%lggq *@Fgﬁg@t@? ue sl ow

cool i ng t CoRfiue sldvecdolimigas DS ileak micragrmpivall pagedn fof werify iftheesoboilonts on i s
nostly clear with a noticeahl e |1 formatjon and Jittle free polyner.
Cont i nue o8 el63 Withy2 P%tlcfg‘g?w oratgn an%h@&ﬁcfs pﬁi%sggl?ﬂquglsg\%l | and no

free pol ygEdling®0ns4. U §08ld dbSert@a ditfstanfial Wil £ ol {Fe2 pbBmr alBntdfue25%
gl uteral dehyde is added. After adding nore ice, stir overni al | owi ng

ht ,
t he react ceningdo WaiGnat which sime: Wrgyama el 3o gluseraldehyzleds "Wé§d-b§1gt?fe%dfl}%g
capsul es settl n | N8J j 3{3% can be
i sol at ed 5%&% ]ﬁlg’sS%;r)g}'énrb&g{y Q??‘%Mtng?l? eﬁggcéﬁh t(g I ngg‘%gg‘vig{r“gﬁ’ét”%% 972R to
the filtetmealkelding ebakéswgttierand rinsidg with 800 nidakeidnézed evaterx Capsules cdthe powder

is laid out, 1 to b - d i ght. ' | ted i
free T onphiopis b point B bt e e apiick J.5 FbpdSs T i hEByteRe ' " °
aggr egat egnd dhakits'ifla Wadd-meaih Ho&1cAd dad WM. fTihk bewiléds lalEoltwhagapgcant ed

slurry. The wet filter-cake is re-suspended in 25 grans of 3.75% EVA
sol ution el spbanch-dey evernighty This resulted in a free flowing powder with single

(droplet) capsules as well as some aggregates. A second 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
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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wat er. Begin heating to 50C and while dripping in 3 granms Cynel 385 in 12
m deioni zed water. At 50C, drop-wi se, add 10 grans 15% di hydrogen
phosphat e sol ution. Heat to 65C and hold over night. Cool to room
tenperature and adjust the pHto 7.0 with 45% Pot assi um Hydr oxi de sol ution
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
wel | as sonme aggregates. [0043] Having described the invention in detai
and with reference to specific advantages thereof it will be apparent that
nunmer ous nodifications are possible without departing fromthe spirit and
scope of {oe#1f olid ®WH0UIMTbeakemfitted\Widh an Bka-OV arksrrxdrand #-bldlemurbineencapsul at ed

bi oci de conpr) sipg an isothjazol one hi.oci or antifouling agent as a core
mat eri al é‘ﬁE‘é\%’Ld?%P’éfa 6 grams ) blopm s P%fmf gransspray ‘ﬁ'&?fi&ﬁlg‘ %f?ﬁﬁs%’tnrreabi lity

such that sh@as dtiBaRed Q%! SthA®iRing &t ABnEmBGEiutQ UkdildndaaRto @ Crwkieased
fromthe capsule at roomtenperature to 45 C. over 90 days and from which

wat er or stiringater can | each the biocide fromthe wall material, wherein
the wall material contains a dopant to enhance the diffusion of

L el S
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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2. The m croencapsul ated bi ocide of claim1l wherein the isothiazol one

i ncl udes 4, 5-di chloro-2-n-octyl-3(2H)-isothiazolone. 3. The

m croencapsul ated bi ocide of claim2 wherein the isothiazolone is present
in the core dissolved in a partially water soluble solvent. 4. The

m croencapsul ated biocide of claim1l wherein the dopant is polyvinyl

al cohol. 5. The m croencapsul ated bi ocide of claim3 wherein the partially
wat er sol ubl e sol vent dissolves in water in an amount of about 0.5 to about
5% and is incorporated into the core in an anount of about 5 to about 25%
6. The m croencapsul ated bi ocide of claim5 wherein the solvent is an ester
or an et hevatepr Begix heit®g td beCaid whik dribpingih Srepanca@pael 35éd [Dimci de of claim
]r-reYVI;Srir ﬁ;?fiégﬁﬁ%\%{a‘tﬁﬁf {d‘;glr dqlﬂgw?i_se? la{gc&l grlalmsq]':o'&)r &ﬁ?cgggelnepﬂoglﬁlla’%dl ng a

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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8. The m croencapsul ated biocide of claim1l wherein the dopant is selected
fromthe group consisting of polyvinyl alcohol, hydroxylethylcellulose,
hydr oxypr opyl cel | ul ose, nethyl eel | ul ose, hydroxyet hyl net hyl cel | ul ose,

hydr oxypr opyl net hyl cel | ul ose, hyroxybutyl met hyl cel | ul ose,

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

m cr oencapsul ated biocide of claim1l wherein the wall nmaterial is a dual

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

m cr oencapght afddimbd @¢i de of claim 9 wherein the inner wall is an
interfacial reaction product of an aromatic polyisoeyanate and the outer
wall i's a I.P X’?\ﬁilélrro%r?cra}eossu a[tgci gi%'ci_dfe (c)(gnrlrgrlisqr?ghgﬁg ggtgg.lz: lofie ig)gl Esbglt ailn?ﬂoﬁl%lgy mer .

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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12. The m croencapsul ated biocide of claim9 wherein the inner wall is a
nmel am ne-f or mal dehyde and the outer wall is a
PVA- ur ea-r esor ci nol - f or mal dehyde( URF) pol yner

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 PV A-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 PV A-urea-resorcinol-formaldehyde(URF)
polymer.
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