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25% by weight based upon the weight of the DCOIT.

[0012] In some embodiments a dual walled capsule has been used. In particular a dual
encapsulation process with a first interfacial capsule wall of acrylic polymer and second wall

of PVA-urea-resorcinol-gluteraldehyde can be used as illustrated in more detail in Example
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DCOIT from reacting with the wall components. Thus, this dual encapsulation process
allows the DCOIT to be encapsulated without the diluting effect of solvent and therefore
affords a more cost effective product. Of course, the partially water miscible solvent may

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



(e.g., less than about 0.1 mcron) M- wall, and then
further encapsulated in a PVA wall as descri bed above.

wo obld®izase the use of the solvent diluent |P&REUSI05/033109
SAS 310 may not be necessary for the encapsul ation

1L P T IS5k M Bl Do
an Titterfacial Aiss welli@ith @me@sm aﬁan@mrpﬂfigcpeb@oayah@w ebend BB of
il ' ff
oy Dy SRR B U P R
(Examadei t0). T 3-call ISggm phisoqyamatd/gdld tin-guart @abiciVETis bxlseanother
| t t t b
g R BB e i B e bl B DR, 1B fsogynate-

gelatie inprbsertiudes penatuondifiniod oftsBLOITncthoggipsubassl paints. The

m G el Peb Boyr 6 5 s Bl PR Bk R i

meglﬁidaifmﬁcrg@m@mabngma@dr aTltd‘mifeﬁfa@a/lekm@ﬁbo@ﬁﬁﬁlulhdaor\pmylurea

nmel am ne-fo | dehyde ¢ e 10). The
forgﬂaﬂ/&rf|the§9%°flgwfg$a © s8R %{ﬁ%{ftg%ﬁi a% P RAATRSBIP EiARFan agditional
bairlés for angrbliag c4peiilb edbitity i6 @etyht baigd Sespias wal |
permeability in an aqueous environment. The

anat elatin int ace r.educes
g3 HERaB e Pt Pt o R A5 T T Gt TEau isSaraies shpyg be
smlaNire6rtieas 8é uged acipr@rhppﬁcaﬁonhsyana @cpraviat Betteh dﬁmbnmmcdﬂtmawe
‘{'}h th PVAfg provi des anot her t hod of
ingpciend Shae paT M H@OW"P imenk theferyetigepgeys spoyt S microns to

ab ALY WiGbRARR] Rbre PRicAUY @Boult 6 T8N abbl 20 @AGHAO DI bEtRA of
i socyanate with the PVA or a pol yam ne provi des an

theRjerids Bwarvehyith sapller gapsplapush P%‘@SSGE%‘SWI TRICENShi ity in
the xyl ene based MAF paints. [0017] In accordance wth
[00X3f @RDAELrEBaPduledfard RBaliyiriRA bEfAFR, inddARorifing kBB MEhe Baint
shoul d be small in order_to be used in sp
forgpyiatiog. aépzsﬁ@vswnfl&rw&f%mmwcwu&f%lpﬂtﬁ% sPrt driyjg can
be A6ddi ¥ €thisPaFpREH. EHdwevBr, Fdd @erBdh Whtef-bdsba pdifts, ANl in some cases be
enbodi nent, the capsule Size range is about 5 microns
possiplatadugorRamrte e myercapaes inigrthe pajiviRPPYATERB UL 5
m crons to about 20 microns. Distribution of the

[001|9pc IR coramice vem anefr\IBodiffEhﬂ SFhi€ RP&ito8 Sthé siehpsafatdd dSdtide is
n 10 m_cragns. The m crocapsul es_are usual |

ha
CoRPREd RS OFE fcrfﬁ’éb?rd%ffdéf P495 2t e A Aerpiersiaad padrg that havebeen
prépRbdibAlsk A marf{¥paf@y) ¥ERbAO B thORC@SS nfifal 8F Hhibtic resin or

m crocapsul es including spray drying can be used for
rogimbigdgsg) i Browide pRARBE 6pMPGsHIong ehtoat ambediment |9h dis dnvsation Garine

anfifoulMg Jairt eoﬁwmmﬁ@éﬁ%eﬁsﬁepméssmhepatn@s daH SOpRBLAA By t he
m crocapsules into pai nt_ w thout drying. [0019] In

incpmemtiaa theanigiogapselas @Wmfi herqin inth tluemaglt imaneamquphthattip gufficient

to | nggﬁéjéle%{rﬁidanmo%ﬁhgﬁ Faﬁ%o @Hbﬁ‘ﬁgo ds % nBe ;éahﬂpt %1 edOf

er such as t rmers an I nders ave
emipaally by those skilled in the art. Examples of a 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
lother cases about 30 to 40% by weight, cuprous oxide pigment, and 4 to 6% by weight

thixotropic viscosity modifier. Generally, the ingredients were thoroughly mixed as follows:
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proposed for use in marine paints, gel coats and the

like (e.g., natural or synthetic resin or rosin
whewdes®)9 t o provi de coating conpositions. |n BEEUS2005/033109

enbodi mnent of the invention, marine antifouling paint
208 9{178?&1' gh gpdsom%%gngn is 1%&0%@5 c1‘1’1to §lﬁ%ﬂt IR&MHEF:’ ontAhL r%?O 5% czgpacity

ora rocapsu
toge:dreewnh 160 ml (blotk \p»amm) of glambeaimuﬂta ctlmxtten : 253urhfnl d" he pentainer
i b LR o LGRS L kBRI LI TR RS L Ry BHED
g can hERs et erm ned enp F PR ?rhose
se;sakatd:d feen the gldsebeads by Ebtranqni é@leoﬂlcmempsuh&edpzﬂxm’&blomde is
inthe litera her e

inc H%)or t(ﬁmélbe nt gl 11‘1 ang)(%# %;P? t(r 3&% marme aing“og[l%?rog%ﬁeesgﬁe}{ arc

degifed\ié.g.18boin3 R51%/blyy wepight The)@yﬂoaﬁeeqmrea nall bes fisioliotedtithe rate

o BB T T o B PP BT OB T ere P o0RIneBl Terghs

addiSih Bn BihBEE fo pratfieelibodt 199 DESBAT i@ theidiy filnher cases about
30 to 40% by wei ght, cuprous oxide pignent, and 4 to

ol SOF s mioM K3 PPt RERD OB A 4 es ane seoted

relegzk bivekle 20RteRor ﬁllf-b:ish@paﬁﬂb aihd mﬁmsi&b@%sj Séalialﬁtt I‘c@dh&; @thstic

,ntao.a tight [1ic nt ai her of .
and By Rt Gt DRSBTS0 g HeR T eFS
poB/nitk ddtBiditesPpapér pFodeiRing] Pepet Odtiaky) @ood prefdneifios akiaiy wasr

45 m nut es .on_a nmechani cal shaker. The final paint

towendal toging Luids gug asraeenrplgireRAtY: LAdditipaali wle the
dishdstoh ableparticiR 1V 8drRACARMY bae@ PaiPeOhd eltaSblalibn teBhniques

i ncorporated in the paint in an anount to provide the
desegibpchizereinimiay alsp Phisep SpRiPYifeg selient resistaneradiegan Séalghty for
paﬁ\%%ged?bnto%e;- Qc%beplys 08 4083 1o d_ Ii‘@ kéwi';é‘é Nhork @ﬁ’_ééiffc?lqjy WS' th Cb’ﬁ

function of the rate at which I'eached

ke'rorl@ﬁfﬁgh@erhyb\s@}z%ﬂ&eqog%(MlBrK)olﬁ@ar@ﬁWmYMQne k¢xanone, etc.); C-1 to

C- ?@Bé&”oﬁsmﬁxre%p@(gﬁi&qy It A8 aRHRYIs ﬁ% erﬂl\{dnggar@@oﬁ{hm%@hanol)
the dry film [0020] O her applications
C- ﬁn‘tq:@é@ rabdp@eu hrat %@nmqumyonsmbméeqﬁs@llaﬁaC32 hydrocarbons
e [
an& gtﬂ%ﬁlglle g % f?:"gg éﬁg g% R gcgilrlilogg aégﬁ%rrgf’ekng s{n(r:lgu‘?tggl benzene, and
tnmra@yh tenzne); pad fohpamgs cmltaemm@blsstlcimrslsdcp}wg phradpbate adters and
aron?a? eg}gr materi als such as shingles, plastics, polyner
np05|tes paper processing, paper coatings, wood
preservation, cooling water towers, netal working
062111i Esaccendencasvith agethereaibogimegeofila inventiomdciombiatdr gf,two or
movt\@i'n c@octags%leq §I?Hésl§5k(? @Jhi?:ﬁ [;e%alge Hl@rlﬁ cﬁilé la?&h’% Qﬂg{eg 55 e§ample one
ene based pal nt's e encapsu ation
mldfesmsmlb edy henwdmhwaadsshﬁ ecidesefeubr dvar pstovti tnhner;g:rlod and

d
on et SRS AUEFy e M BRI Bl G Bl
longer ttms pfHesd inadchjysules mal be Gade fatifierest v(a(El ipterialgdr [yfferent wall
thlﬁlgs?gﬁ%% eaccog%aéw? wgtgloti%K% éd‘nboﬁlme% of nl% myentl ket one,

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

EXAMPLE 1

Microencapsulation of Kathon 287T Biocide Containing Solvent Diluent



C- 10 al cohols, nore specifically G4 to C6 al cohols
(e.g., n-butanol and 2-butoxy ethanol); C5 to G50
w@badoplztoiz and aronatic hydrocarbons, nore spertT/USHD$/§33109
C5- C32 hydrocarbons and still nore specifically C5 -
; 0 M= |
[O(g]jﬁzg%%qgeg)ﬁ% agg’ wgst ;H?}?a’reél c%Ml r)?%qnéﬁgér?ﬂg% §aﬁgﬁ>ﬁl€éé strength
aqEEon$ snhrtlongo@odbsle: alzelm \émi t$4asn¢)ﬁmsbwz§t(botb$taeu®ctawd by Air

Pe T ifaAD S, Bt Bt mUEReY 10 6f two or

nmore m crocapsul es can be used which rel ease the
Thb care inteeriat is gprepfired end mixaire of 1(70cgrares<@fripdt1mn BAE (97%) manufactured

o BSR4 e Sl R 5L 5 s

by mlgsaaa:aiaﬁuwaeirﬂ)hem(gfa)t4ob© UB@adquE(hlatphﬁse |aﬁ@ﬂ1€301*e|'ﬂlﬁhtenal are added
bi oci de_after or .over a sonmewhat |onger tine.

to ail Wpeyt RsEne Blenderyarsad e gRirgs %IP‘I‘IFIQP‘%?&‘“QHS{&FG %?aqdefm %hogt 15

miféitesHo fpfsaedn d@ﬁinlwaﬁé}'e%ﬁﬁﬁﬁﬁgrd Mot A6 G HRNE e\ htkbuP i Rr40
enbodi nents of the invention. OOZy_l]hFThe present

migtggie nthesmufsionsig ranséerred (q ykliteabeaiernyThe gy & Jlowly agitated using a

I C t
BPHLATLE O FIATRLGS LRLE. 4 g coercagatl g

urmnéq@ erms op reagreingls 69 g@paméd/atgomslos‘tly adgledfo th6emylsians A

5y P ST, SRR B PR TN gy

drofy- ms@fashiun:t A)30 anl d7%&6rng11®|h5daﬁolumn Bra.ddémhommm d‘oliaowed 10

mlgur}esslatignr E?(}f tli]l (%&6 Bgo:rfr% é}’? H%frhc arﬁr%zsg 016 @\?e%a ﬁlu{e périod.

Theslty amamleai tcb%°@@h(ﬁhf&ﬁ1 dbddaase e a 360t @ AAT; Fhurad, 6 g of
substituted aromatic sal vent, &SAS 310 manuf act ur ed by

resgfeanol o0 e atpice ard 2! HSAreiareaddhde sevond addiign isaddtthse

Cgﬁ\dlsé heni§ Qﬂ@adﬁﬁﬁa@rme@hw&ﬁe\vﬁﬂﬁ!ﬁﬂadd@d a1 15-riidaded foWEdBYy a 15-
| ender jar and the slurry is enulsified at noderate

migye Bejd peiiodion o aﬁémﬁntw‘é@dthélf pPBeI U 1adeT agpther splufign Bke the
pro%EféHn?g 994 Rh 1S QQﬂu?ng ﬁsﬂhé‘ sdnftErasHi & f}é@ﬁlﬁg% hé?lp-:ﬁ Y féb% 4n8

40 m<crons. ion Is transferre
allgpeakterstir fph o lsdum rkheingcrotapsuly slagy isaoeldd msamlgera tetnmetnune and
pHI fggj%leldxg 73%%]1&1? 1(5%'5?&1%‘1 ﬂ#f(ﬂ'gx&ip ?ohﬂt?ort‘qp %Q%IHrig 1s6}1;1<g1%§f?1%%1 with
watee 8¢ stianwti ubing 6(1)25g+ ajﬁunm‘ievmm Bmoveg emlapnMayedaxﬂcbmd any)detbhe
| si.on of 2

di | f
The gi'fllﬁl:g 18 sret asl e%o alyow t?nn icroc 8%1?Sq5 S gtgee d @sﬁé’lehrna?%n? 11?111(1 1s dﬁcanted

er I's subsequ
andmmeoap.@& donsdnirata is nérsBﬁ)rld‘d W1317@/atém rAreha bdiyalat Sﬁﬂyﬂmd 44 silica

o e B R B TP SRS
vadiubr-filkeed \Birn@EW ha@an 4.0 paper and tray dried to produce 230 grams of dry free-
flowing powder. The resultant microcapsules are mostly 10-40 microns and can be
incorporated in a marine coating composition to impart anti-fouling properties. The
microcapsules were tested for stability in xlyene by placing a 50-mg sample into 50 mls of
xlyene and periodically analyzing a small aliquot of the xylene spectrophotometrically for the
presence of DCOIT to determine the amount diffused through the capsule shell. Samples
were tested after room storage. 1.1% DCOIT was released after 56 days at room temperature.

EXAMPLE 2
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The slurry is warned to 45C and after about one hour a

solution of 4 g of urea, 6 g of resorcinol, 50 g of
wowrdoendamand 20 M of 37% f or mal dehyde second adedT/U81005/633109

added drop-w se. Thi s solution may be divided, with

hal f added i nute hol d

period prior [Mlcr%e cfﬁ?s a?g%éplgéeaglgﬁg ﬁ#’far él%w(ejgnhour | ater

anot her solution like the proceeding is added to the
[08241)r e microdneapselatorf fdhe reat Kathen 287iing sartied dwe it andiquepus

I
coétﬁhr ?s%agé tjgg\l@q dpt rglcrc'c}ch uII%%B gaﬁsJP %Ha z?ﬁlpg ti‘%d%h%%%f?eﬁp £n
aqa@wushae@ismmpiree cq@mgg a0% sooli aq?rﬁ ¥y dﬂl&knd@abwl a;uhyr(m

ris
g g SO b o B0 LA
anahéhteall’ty 46b ring.sephiftee edstl 132,39 Sofd&ithaASAE 917% lﬁziriuﬁux:tutd'aleby Rohm
m crocapsul es to settle. The éuper nat ant quid._is

an HETPRE A1 £ 56 B LGRS b ol pa sechgted o disgersing

thé"ﬁ]&ltbdvf@ltﬂ% coR r§zﬁa'ta|1 iAo Olﬁfph%élu@ing aR fid-Woiks C&ﬂxé‘r raﬁ’cmngh
G ace Conp is stirred into the slurry

sp‘teﬁéurhiné m@almspp@gcoaw@wa@ piodv e fathonglgonless W@Sﬂmaﬁh?dﬁnge of 10
ey R@mﬁrmgmmﬁg e tgrtnhgrgtul:eoat REQUMGE %?eoenqlﬁaﬁzfaneﬁ I%r;ees 5.58

freefl ow ng po e resultant crocapsu
granpsdfiGynteD3 &ﬁonmumomsi arcytean adsied ltmszmim\mrtm @uulsipn. aAfter about

15nrr119i¥11|1tgse {he%gttz;t{fl.ﬁ sSeeH@sol%hJce&) erdt a%dlt{(mgrl 79@&1&3 %tQHA Cﬂgel 385 resin

m crocapsul es were
is sddacﬂ)whilé Mainthinihg/the e:n{wrapiraalaﬁgma S6TC. itz arfpl enmlnésoa 5Qram

st 6P W AHoBHeY S PENBE BT Y ALl Py added

follvRARNIEEH-Rise BEIHion 410 1 Gein@I 0T N 6% AR sAFBMYS pdiabdints 8lhydrogen
through the capsul e shell. Sanples were tested after

Phpsph#te SYGrdganinyte perjqdodhhy teppsTaiiss ebthe pricipqapsulsHurayis sloady

indrQQ8 o BRRE 4R L6 er W L»aEns %Meg LOGR G 3RRUEsakk Ol St J?i@ﬁ%n
Kat hon 287T Bi oci de [O The m croencapsul ati on of

Afteinen adsiationkled s <2f8ﬁffmgst @fdflr thedluowts donled o aqbusmasd the ph
ad%(s)gigonfg r mff) @ a551 lr’lo%(e ergg uu(grg 3@5’” sh?z CO ds li]ngt% dvater

e | S repare
ané Qeﬁddsﬂ‘singg 10fur2 ?1653 tg rﬂ'flOV& eBcaﬁﬁﬂ/ated ahyiuﬁllmy ebrisi The

a d f act by.Z Ch
mighR PR arg S e SG b B Suppgtt St e S fhe b b

coddefitraté 3 r&sﬁﬁ&%ﬁﬂ%tgﬂﬁﬁi&ﬁé dec&ﬁat%ng)r@fesslﬁaﬁdaﬁg 2B/ thicSotUpsules
act ure Rohm gnd Haas IS heate t.o
arq A VLR RO A Pithur 08 tusn G eb ng ey dicd ither on
thella’s P&IcE b nti&ie comittoRsl ofiatahRitm GO6E TRUresultalt niftobdpSules are a
aqueoQus phase usi ng an | ka-Wrks m xer and hi gh speed

dry-fippflovanip Hier that e deaddninceiPPtpdigo gmeaie iR RgHaton t
préVi@ BirseBstirgn hdtotdaficevdndie @mbddment 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



- 50um While maintaining the tenperature at 450C

during the enulsif cation process, 5.58 grans of Cynel
w@B®Wemsaouf act ured by Cytec is added to stabiliper/ukmos/033109

enmul sion. After about 15 minutes, the agitation speed

1005 B R L BTl KPR (9

terapemamd o5 @E@d 5(f°€ew1tlamféé1w methacrdate () H-1g# dnrapediolt diasnylae (10

) AR Ons Bt AR ralk o oG IR G BELRE iR by
pegpivaitate Ofg) & hbxed gab tthesmiemtal phaseofThp ortersaliphaseds onlrgegieed into

h hat e over a 10 t 0
vt G Bt bR CERRRUC S+ 706 oL SR §eehd By
blaxda&‘ogr(aﬂmwfs ubtil@atabk eahthéch 1aﬁnmbd 1Te danildicn i@ fileatrahdi@red
. dition r. an. addi tion 4 hours of stirring
inia 158 bephes S b iSRRGl Do B LMRO R SPE i
dealjgbialteRidyitiOnitfodbn U6 INighud &bl PRIAABSIoWTPOY Whobtdhs then held at 90°C
solution, The slurryls di | uted i

1 with ter and.
forg}- 2 hos 2t RrogensBgHa Spfote ey 908&?6@%% Wc‘%?\é@u ITag ’éfa‘ﬂ%w%
enfM§braddtathe Pblyerid PAtIAELI O aRSPHs B aPoBmitik @Mﬁén@@kﬁlh@g the

and the supernatant |iquid decante The m crocapsul e
KedoRASAT Payies ¢ Beyrepisicli ved 19 iaker and ¢ he
decant ation process repeated. The m crocapsul es are
[oam STy birﬁdewﬂehcatﬁ@llﬁéd K¥tB6n28MTfadrd then arbjdéfdnga Weakdaan
and tray dried either on the |ab bench at

TR S o AP I8 HE oY 55 HOH AR (ASURHT e TBSuT i) over 12

mlmlt@i Q0 @RSMEBSridh@d B340) Y¥vdr12 Mifuhte Vit ﬂ&\fﬂ@ Bf 4Bt §aRsorcinol
be readi | y incorporated into a marine

(1.6 g3 Hetebi0ted opt d ¢ inevtes: R pa e of A Aug}vteaelé@rwaﬁc@ and
watdri(higpne a(ﬁﬁ@ QfbipREd vepf slé\p@ o'v&\@r}ﬁl'nﬁ’t@s to-g?@vent aggregatlon Then a

m CI‘OC&pSU es were tested usi ng t he xy ene extraction

seqoad pddieanefiupad2 gh reruimel é1-3 ghnad vago2bepispddggdsover 12 minutes
folﬁc%&e%%%%ﬁf&e%f 236, Q%%B%I&Je%?@ Jngfm%%ﬁ frdeFAONRIE 096 12

M croéncapsul ati on de with a Dual  shell
mipfitesddiojipived byaithird addition of urea (2 g), resorcmol (1.5 g), and water (20 g) is

adﬁ’\é%vw AR lERO ﬁﬁlogegby% HERLRlHS4y gﬁke%aé} Qgs @%g W38l 5 )

ase I's prepared by’ mXing toge
adQ6817dT01( wikb0vay)l 2 atinwiest yfiveplhadditeons hreamasla ik t&ﬁﬁ)@atuw i§ imcreased

froﬁ%ﬁél)to g&?qa}n%rh\gdatveemgﬁ%p to%reltbr z#)l‘prok))(yt %glg?% ?1&% %%ryci(})aﬁneg and

net hyl ol propane
pHinestralprii@r the mlcemabslle‘smmafﬁltemd, antl cdntcbmtpyd)dupea ﬁ_ne/ﬁéeamﬁviﬁg

m xed..in to the internal phase. The interpal .

pofen B bR Bt B PSRER Gty I s marin
coﬂﬁigywadnyidaﬁdeoﬂhrﬂne(eEIwam@ht dbthed@Yenfién.g) usi ng a Waring
1 liter blender for 10 minutes until a stable emnul sion

is formed. The emnul sion ii)gAq‘%Lkrﬁnsferred

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

one embodiment of the invention.
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into a 1-liter beaker with overhead stirring,

t hernmonet er and nitrogen supply and deoxygenated wth
woedoso8pem f or 1 hour while heating to 900C. TheChua$hs/033109

is then held at 900C for 1.5 hours after nitrogen

removal before being coghedy@pywy to 45C. The resulting

enul si on contains polynmeric particles each conprising

a pol yner i Bualsedapsudatioapeaskstwitig firstanikeadiad waB8PT havi ng

a meamalaf adrdicepobyinyes andf PV A-undacresoneinol ffommdiehdeepolymer

articles of encapsul ated Kat hon 287T are then
lo&sb j Aatiptgmelphgsesie prsatrad Yy mpxdng tegqther groltgm Kathay 8814 (180 &) at a
. b . te o 1

AR BoBLEIE Lo Bruf) MRS 17 Hnes A AR Blke 10
g) apdhimimethyladprdpane rimethaceylae (10r@alysppigpr to erawlsifiedtion] textbutyls

pelipral il el Ban g Rpab s R el R oA R e

watkr ¢453vi) sentwiging pelyoinlhalhel (ER@noli N2 & g)ang (Rvanot 71-30) (6 g)
ti . i L] : .

o PRSP O SRR AU LA A 53O gy

is thiem rireeried idtone d-1gr baaker withoeerbdad 26&ing] thereralette Ayddetrdden

and, wat er added. d W, Se, ov.er JU nutes.,. .
sugly PRSPy nRer o LR MlF nYEh o €] 2 Filsn s hen
held at 9&fpr 1.ahoursvaft@mit{agn gmoival tattdebeiny@oledl dowhn MU408€. The

foll . by’ i xt .of 25% gl.ut | dehyd 5 d
resflin R B Rl O e G0t SR g e e Hen D

en&upelilitingnte KitRorZ81E Haliag b al¥pepatitle 6izé Sf 19RicRAS eThd paattles of
450C to 500C and hel d overnight to cure for o :
e“%ﬁ?b‘ﬁ%}%? ﬁa’g@r ?/@ri}aafﬁg]ﬁ‘? 3! Jeﬁ\f“gé a ¥5mdaRGTHEeh A 40°C involving
drépeWisé additZoatof @ ikt JTufdh QT 3N SddbiemoB7S )i dnliavaeq (858 over 12
dried to produce a fine free flow ng powder_ that can
miggfes. cHygp pyolpwfﬁe@laméalfqt?ﬁ)@vcgr At gpad p&g\Fﬁ:ﬁ(ZZ.S g) is added drop
wibddvat] BhiimaRs ! Phdd VAR 1RioARE FiBaROBdE (.9 1%2%&}&5@&% Svise
wi th one enbodi nent of the invention. EXAMPLE 3B _
OVPIGITPUIES afvfitré 1§Aaningte haldeat &l L ViNg wlfyes anid iaddsd drop wise
ov%“ﬂ%@.uhﬁ%aﬁ:hﬁgmﬁ Etir{ef% aga slgﬁ/%z{?:heégg) 453C\6|@§r§1tr heo(ug OT}Q% a

i nstead of alum num sulfate. T sodi um su

seapofl addidmm 9f salytiewoldrens3w).gesorinal (43 gvivwalard’.S arpaidd7 e
foﬂ{a)’d&fn?a%e(ﬁ L@"Yk @i%d@&’)ﬁﬂ%’lf MBSdRE %bé‘r"l%%ih&t@st AB0:Q6, the sceond

readily incorporated into a marine paint fornu on
half eftgrraohi riiputa hpddratt A% Ce daie baigh isrtheactoedianickowly hénteite 48°C over

| RIROL LR bl AYSILLNFKAVBE Bt P ) g 37

encapsul at on’ proce Sgi\Nl étog a tiTSst inter ?ga%)lag 37c{a"psul e
foywmldehyde (AEmy)lis addedbyard 2 mamdes. After all additions are made the temperature
is iﬁ&%ﬁslé(ri %3m &3C Eocé(pelaﬁ(fi %l%béjrgigytqg ok lfé’rrerl%}r)roximately 16 hours. After
cooling and pH neutralization the microcapsules are filtered and dried to produce a dry

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

coating in accordance with one embodiment of the invention.

EXAMPLE 5

Dual wall microcapsules comprising an interfacial first wall with the
reaction of an aromatic polyisocyanate, a second shell of
PV A-urea-resorcinol-formaldehyde condensation polymer
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[0028] An internal phase is prepared by m xing
toget her nolten Kathon 287T ( 150 g) at a tenperature
wobooansaomd 500C, with methyl methacrylate (10 BOT/1S$2045/033109
but anedi ol diacrylate (10 g) and trimethyl ol propane
[0(% ﬂ”‘?&ﬂﬁ‘&ﬁ%i ot i %Q:Paf&)e bs{fﬁ%ﬁm g&ﬁer%lt%ﬁ'k'aﬁlb{l Egefﬁ‘i*@@%) ata

t butyl perpiva m xed .
terprratnigal agohreds &) °CTwigh DntrmdnaL 7p kBayer)i(50 po nilg emérndphasetin

hoﬁ%&%z (i%r?g wgger g&%gtgiéﬁllt ano$ 8@?%\8%‘0{)@313?&8@01 %g 4&% and |
(Ellyahqlt7éf30b(l4eg) dsng & W¥ari®g filiten beesderror 13 mingtesivita aen’alesnmtslon is
fonl]:éeg (?E l'.ll%l tﬁﬁraﬁllﬁfgged % ot ép £ ntet {)é%ﬂgrf V%Ehr (%verheg& &r{ué%_ and

er w ead s
theamdmmet rfhgé]atch igpényheated t@BKyage ad;lenbnmftthetmylerrea@amné @xs g)

and 281 B4 E b e’ T BN P8 5 oF G Oab il ofte esuting

emudsiongoains pdlydlempetrﬁclém& coﬁkmlsrngambtmgc @alylusdaGhell
cont ai ns particles each conprisin
enCory it Ralon S92 1B BE b SteRR B e e T s R FhaAsiles of
end@padlatp@Khith6il 8791 azetheh sub?scféﬁ% Qﬁb&ond-ﬁbetreﬁ&ﬁédt &d 45C Afvolving
Kat hon 287T re then subjected to a

enca [ ate
Qo Y e 8 RO 474 LB SHHT P31k, 2 B9 D) over 12
miggted. tTHReR a@&uaormﬂswﬁﬁ s@ffatelp&adek B ©)and WREP(1G d) Y adddd &op wise
and wat er Oglﬁwaé’? 12 mi nutes. Then a sol ution

ovHS wliican T dtes oAy e ARl Gied dmpavits s

miAgee dA il QR o MhifiGte 981@ fat dPcM mww%ssulfJMIQS §J%H$I%N1's@5]ver 5
of formal dehyde (22.5 m) is adde op W se over

mipptay t Ehs batgh fsghensstigd adrlavdy heatey! tat45 m@r Lhgusy /Rhog second
ad%m)& b d S1A6h Ot ks @A8eEs LN (wg eva%v gzs ggaﬁva 3k ESmaliBRyde (10

his then stirred and sl to 45C over 1
mlj 5\ dlividefiie halhanseaddettovar mlrwr?«s (ﬁﬂloa/eé by theiserpnd halfipfecs a(13

7%
ml?%t? h519 Eﬁgnqll]l&eﬁnkﬁsggen s ig‘le 3?&&135]%%}%‘145‘98% r 1 h(él{;.efx
thimizadditwmf)ésreﬁ 61 $)oweadcibyl (3 B)a “@EE 69dz) and 157"/éff¢rmaldah)15 (10 ml) is
] t ' i d 0
s A5 TSR AL 58 0 o v
to 610°€aan(1 fBelg)ovemghOtlo curedbr dpgroFingtely Wahars. (Bffersoglngaind pH7 %
d

nel PR e AT e R R p S VbR el

from48C to 500C and held overnight to cure for

approxi mately 16 hours. EXAMPLE®oIl i ng and pH

neutral i zgf g uf,@m@a I%re%ag)gawe&@htﬁﬁnw nggagﬁeﬁnd

dried to produce uct that can dily

[0030F omq&ta&ﬁdphhgét@p@pﬂar byBelBAd ﬁsthmm @ko g)natta%mperature of
provi de a mari ne coati ng in accordance wt

arquh §fiCrelhe ind¢rnaliphasens/kamagenizedixmnplaguedus A 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.
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Dual wall m crocapsul es conprising an interfacial

first wall with the reaction of an aromatic
w@oelogiosmeyanat e, a second shel |l of PCT/US2005/033109

PVA-ur ea- r esor ci nol - f or mal dehyde condensati on

s
fommmma@nmmm]ﬁpmum R8 7Bh{vBmyeemgan(paoicty)size i €6

internal phase is honogenized into water (302 Q)
micron

¢SOt ai ni ng pol yvi nyl al cohol (Elvanol 50-42) (4 g) and
(Elvanol 71-30) (4 g) using a Waring 1 liter bl ender
The partitBs of engersslated iathon 28 Tfiey ennthesidondddsn haf. s (2The)

fra%mﬁf%l e% tI) OL& ?\E&éa%%‘ﬁ qhﬁﬁ&(}n\%lx;lmé Jlr%zﬁ (’VI%%?%IEBII] %f a

ead s Irr er nonet er
thmmoﬂM(é @), trcsoﬁiﬁwm)daml vedr (30 grovef 10t minetehyTlema 37%

soflj.\iﬁign RLIP rr&gde%y?%%grﬁﬂ)el;égac%? dg(%)g\@g% %\éerr %%qﬁlﬁgs %t?ep avlvb Sfinute hold

at nmlld) vivgp srﬁiﬁ.lhcsimch(wmn) Riaddedpivdp/wise beer famihuted. Ethedarch is then

BRI S B8 GRS B

g),rn/zﬁérC(BI(S g) abldg 7pabinatdebgdeqR 5 aicia giided irekh] fakd Added28 &Ml 2an@utes
he ecte condar t at. 400C .
ol AR o B PP ST PP PO 55 e s gnpdand

slcgs)ly héa@é&l&b SS‘R[DJ)ve( Shayr, Taehearties 64°8Go0) h@ieindkdoled. After
m_ nut es, Then a.sol ution of SOdI&ﬁm sul fate powder (

coghngesnd Piertralizationdhie microcaprules aredpteridaad gued ogrodupg A @ge free
floW I8 pAvd3Y HuS@h Bt tdihcdrpéaRl dROY HritdRintifdrmuatidfl @8stovide a

drop wise over 7 mnutes. After a 10-mnute hold at
magye Coatng i Asopdarge ithi ose swbefliment of thednsnign. vihsanigfpgapsuges

wdtd RUEE SsinglthE xﬁéﬁecé}trh&mh handetiivel WE%‘A)I@S | %e?/t tgﬁ ak&flple of

to 45C over 1 hour. hen a second dition o
theswiczacapsiles fvag pleateptpd @f) 45°Ce dnthis tag 0. 4€/®D§PIT Was$ wheaged R ftgn 28

dag&g e &@(eﬁﬁlréiglayzdm bt%lwas 're‘iﬁgé&’%tfé?% i nE@hEOCand

ed over 12 m nutes fol e sec
after a 15 m nute hold EXAMEThe batch is then

SMF@B@I@C E’lgessﬂe%%a}ésmﬁgé \Qgh pOA% §1(€'a Qé’s?f:cmkl Qﬁ%aldé%y%@%d']gyer

addi t1 on ur ea , resorcinol . wat er

(o6l %f’/mfeﬁ{ag%ﬂlaﬁg YHBarkd By fﬁlel)tm% KB OWed glad aMhipt&ere of

After all a tions are made the tenperature is
arquid P8 %s ebhefintgmmalydae it BorBersm zedatchas aguenis Sl copgsting oé

116@ ARBIB%] &ﬁ}tlgdexnalgc tride &%E@&ep&%tioﬂgn@m 4:8'_& of water

neutrallzatlonthe m crocapsul e re filtered and
usipgijadaring Ipiterdierdera Wmippyamtgmllrmth@ﬁqmpmwﬁ@r@nWO $Shauring the

R R L T
emulin. ¢ffteatbaat 1 Epaiteat the egitefion 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. The particles of encapsulated Kathon 287T slurry are then divided and half are
filtered to a wet cake of 80.51% (127.5 g dry wt.). The wet cake is then re-suspended in a
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around 500C. The internal phase is honobgenized into an
aqueous A Sol ution consisting of 110.0 g of a 3.75%

wetdvgloazee9 mal ei ¢ anhydri de copol yner sol uti on BOmMUS2005/033109
121.48 g of water using a Waring 1 liter blender.

ml\é%m! 5t v!;':’a?%’] Ziﬁi né} lcgﬁ?&llﬁg lpi)gfmgl{ ag%ogﬁsf;“(Eﬁ)\t&l ?M%éé gg%ld Sggbjagted to
a mdﬁractltemdt 45 Tyinedving denpoiask additonabl dlimigumn|selfate TG 8.3%
(6(?%g1éjwer 1 mmu ]:3%[85 v bsu‘ifu}lcs acnzi {Bﬂ:gi Bver IB 1%&:; Qrtl onlxtl?'re of urea (2

uce um drop are
g) antorsnd ml 6 g), hfkwater @n %) ever debl mimnites. Ehan zi mi:emre bézﬂ% r

d.sti t
D80 4 O T B S R
prct\&nta@g&gatdjho Thiev ﬁﬂ:coﬁﬂl‘}ﬂdblah ohures (2 g')aﬁsd‘lleﬁdiledS tgh a6dHQater (20

ur s hel for. 4 L then oIe
o) AR 7RG S IR o3 P p 1§ v S A AR b kg ater
g) @@daardk@: Wige @vep cp% MﬁﬁﬁﬁK ésﬁ Faﬂﬂz\ﬂéli?dfllﬁraﬁﬂlkdiﬁiamdﬂ 0$th 2 g), relsorcmol
encapsul atin t he at hon vin nmean rticle
(13i%), @gefwa%%g&é isAdded epge 1 pminufes E@ 8 b@ﬁeaisfgmp £e¢

gld%&taia@lﬁydz 85 J) Wty (ﬁg)fhdﬂéhed}oﬁjtv‘i/sb ded m MiR@bd - AfldhaB adfilchs are

fraction is subjected a_secondary treatnment at
¢he (APBITEHTRGS alr:@ﬁsewﬁ@@ ”séa@ it ?QJF? agfl hgld mvs‘&lwhteto Grredea
apﬁl%xgﬂateli; SRS, NOfrer nglg% an@ﬁﬂ n@@ﬁ@il’zat{oﬁ%é})ucmé%suﬂeg are filtered
m nutes. Then a 37% solution of formal dehyde (18 m

an{l drigdiigeodyeopfing e fiaydng movwAentheecan bafeadily Wearporaied ipte a marine
pam? kfimatatidrlo prJ\QdeVe{ ﬁﬂa@mc‘;tébgt _{; i a&%fﬂn&emtﬂn}a ehl%o@qQﬁtdof the

drop w se over m nut es. batch is then stirred at
InvEBOa@. o%rmmonmaul?s Wére ﬁﬁswds@ogm xxl$u¢ extptionftesy desstibadiion

r.e g .0,
gt et 4Bl shACS IRl MELES POl rB dn fiEHes
2.402 DﬁOIiﬂt»@s rflgis¢doafied 1 bgays heroslect@nptrdtalefantaﬁ%é)c@"l‘l@s released

o at 45C. The batch is then stirred and
aftrTiIl %ays e‘dgg%d to 55C over 1 hour. Then heated to 600C
for 3 hours and cool ed. After cooling and pH
neutralization the m cr BE¥aApRLEIBare filtered and

dried to produce a fine free flow ng powder that can
109321 r &xamply 7Aﬂggﬁp%¢da{sw g sgblgogoﬁ-ﬁgﬁquwugatp Rpwder (2 g) dissolved in

th&r(Wé)%ét&'a of Qlu{i’ﬁxﬁl\ﬂ Qﬁffat% TRE sd¥urk Qﬁfakerkglu'uﬂn RGARLARGS Rise

one enbodi nrent of the | nvention.
ovm @rmmaﬁgs ud gain,\ieire frecelevanig pewdeg Maheroybyqeé ﬁ@t eantheaeadilpn

mJ tratg(?r?lfor d rgglq] g@ aﬁonlto &\ﬁ;r‘ t Jhﬁ}% 6gatﬁ1?qu§m%fance with

mcrocap a so t ste
ont:embOdjmdl%OllTvem reI eased after 28 days at room
tenperature and 2. 7% DCO T was rel eased after 28 days
at 450C. EXAMPLE 7A MF shelpmp§apsul es re-encapsul at ed

wi th PVA- urea-resorcinol-gluteral dehyde pol yner
Dual encapsulation with Gelatin/Gum Arabic as

the first shell and melamine resin as the second wall

[0033] 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.

[0034] Adjust the pH to clear the solution with 10% NaOH (~ pH 7). Adjust the pH to 4.1
with 10% Acetic Acid. Warm 40 grams Kathon 287T to 50-60°C to melt. Transfer the
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[0031] An internal phase is prepared by nelting Kathon
287T (260 g) at a tenperature of around 500C. The
WO pdoenseal9 phase i s honogeni zed i nt o an aqueousPEDIUSLNHOB3109
consisting of 110.0 g of a 3.75% et hyl ene nal ei c
n ' opnl.. ' f
ORI, Gy BRI 3 S8 LR APt ot ez s, puisiy
sld»\éyrbeif) atinl)“te adfievartioudedir&0B el etisize 1§ t0-# hmiczons). sTlfanSéfatbadﬁo the

oSS SR, TV D055 1

wamnrqm 6¥°C) téieniagi \t/:aén'wm aﬂ@drde@iuwsel @hatk ¥Gth-a rﬁ@rolampe to observe
e are forne sthe transferr.e

i T o S TR PREY P P KR A e

anfohgrofdedhiesd wathap  ddbfacsahicvshisutiutin Bedid s[]p)’v @bling the beaker

by BREER /4 FRBIR BT o b CALUar e BURBaPERRtohgiou &

obb¥ed4nibREdopicABy Catingsslow béoling $a28°Cn g:hem.ih&tcﬁﬁbpically again to

cont ai ns pol yrrerlc articles each conpri.sing a
ey theprielin i el el efstis AT Hge Frerpolymer.
c&ﬂahmvz&%ﬁn@ a)vzsng OnEBRNIdVdEEVEL SubStadi@al Ghll 26d 19 ﬁéeqmymer
The particles of encaPsuI ated Kathon 287T slurry ar

Copfipyt aplaeded Sinat NAFF b d0 grmsar 4t e g inaddeh Afer
ad8f8g AbYe itd %tzr Sethight Yall¥hvink thellB£otbR to watkrol |r§ont1 f@fperature. Decant 2

re-suspended in am xture of water (254 é; cont ai ni ng
timgs by {qtiiRg capgudesisestle prd RngAgwitiog ml d(nemgy ypar Scppuestcar be
1sot129ed3‘at%ﬁgﬂ&gﬁfy)ﬁl{eﬁﬁf‘sﬂa%ﬁmgtl SAg';zgné Ré’r@él}@ﬂ@\ tg AR 1404 %zﬁ(e and

tions of "alumhum sultfate TG 8. 3% (60g) over
shaKingin@gvidemoythnbogtisie mix well. aHedaoevgqr 1g)a1cb<vé o1 3 Papfr myteé@
d f

befidIC dr? ?ééﬁtg“'{ efg% erg:éﬁﬁt lrrrll(aznfa&)eﬂs?“ﬁfﬁsﬁlgb%en gp\?}!t})l(glﬂl @(cg}pleétggh‘z)sules as
wajjllastsenahgmtgyﬂlwe (5 g) and water (5 g) are added drop

wi se very slowy over 20 minutes to prevent

gr 1 , -

Bt L S R i i AT
cakd I8 (g @gpefndbd m@é@r@}s o 3midSke EMa seh“zsmbi%nb@amm@ﬁy&@@r (Begin

R B e
50¢Q.. cﬁorgwse,aldd 10vgtagrs 1620dilg)dragen phigsebhtosadution? Heatia 6% and hold

ovgrorl%l | hqvfgolt%/ a{qeﬁl%%r afnd %g %%}8{23 rﬁl‘i E)a'} 6’ @ﬂ Q§%(I%Hg.géuruﬁgld |

Hyaldekidel sohusiomr Biltomatel Wa”sh \muhrdpmnaedjwaen sSplrerad pebsedpaperanwel to
drgéﬁ}l%goasqu gerr 'Sllﬁ‘i%tl? ev!ngg gé)/vs(k? twgtFt 1(1:1t e ( rﬁ)glee%)mapsuﬁs as well as some

agpgepdtesal i zati on the m crocapsules are filtered and
dried to produce a fine free rovvi ng powder that can
be readily incorporated ]i)ﬂ{ rBarl ne paint
formulation to provide a rmrl ne ‘coating in accordance
w t h one wbodiepsmhitionith kelatinAbant Awbic aF ke first shell
m cr oc apdukescsoemel-foantldehyds polgecontiensaty hethe sexnd well | on

test described in
[0036] Ina 1000 ml beaker fitted with an Ika-Works mixer and 4-blade turbine impellor,

dissolve 6 grams 300 bloom gelatin and 6 grams spray dried gum arabic in 240 ml deionized

water. Start mixing at room temperature, again and heat to 80°C with stirring.
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Exanpl e 1 except that a sanple of the m crocapsul es
was also tested at 45C . In this test 2.4% DCO T was

wo edoe@s»w aft er 14 days at room tenperature aneicBY$2005/033109
DCO T was rel eased after 14 days at 450C. EXAMPLE 7B

321;: i [ S [

B S L
withni9teacktiofAcal. Wivarmuh gsamsf Kdtion 2ZBAE te HHHQNE te micltafleansfer the

| ytion s added dro i ver .1 ' es. i N, .
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sloméyach1D Wiil)l’t() Gc}ﬁme?lheedtsirm cbo;ﬂetm i(Hed4(pmiondns}. onmeatthO the
ol RS RSA RS 08 EARRPEBRRT 0808175 m
waeil PNt éiomizatl wdlerGeds atldad/deaprw Be . abhack asthtahgicfos¢dpt to observe

. shell.and nel am ne .resin _as the second | 1 033] ..1n

oG5 HhrseTGERBIonof UMK HRREH LR WP e TR s e

anﬁuilsxloa_daoﬁiu%daiéﬂa uprRabve o acgieﬁétgls\tesuﬁ. @egﬂslomgbﬁmabeaker
gelatin an rans spray dried gumarahic in 24

by diiBHR FRCICHERET 1o 1y AT ARG &h TGN B Wﬁ@rp&flﬁrsgw d be

ob@PRldMisRstoprRally. t ConBifie 3w Boctnk kd 28°@. ChE@3ftkeroAelpitally hxeh to
pH to clear the solution with 10% NaCH §_~ pH 7%?

vengyjifibe selpongpmogilyclear Withid netiogahle atafl dormation angditls fep polymer.

CofiASs1d$AL AR BBET. DRe HIuRYBSertOa iBLthntial WaM&iEo free polymer.
theCGel at i n/Gim Arabic solution to a warm bl ender jar

Cogtigreagplingrie 1R RbwhiglBtme A prams A% 6 igfujeraldelups isadde. After
adfihg )nol:eQCé}gm cﬁ/\éﬁliéhm,%llg\gﬁllg R e 48R Bl ar 8 ?oo(n;-gfrﬁgrature. Decant 2
~mcrons). Transfer back to the beaker-m xer apparatus
tinjen by ettgrapsuleasetie yukrinsingiithg 08 md dpianigedowgtert (apeles can be
BB g L 0 LA 4R P o
shakiing in d-Widegmbeth phtls ¢o mepaslht Thepowtlerds Ridiud ophasmer towat to
r{i . : .

B LI 85 L 80 ARG B AP o
weBegsomeasiggvegeos| A ngrondwalh emlideradtisd tyddiengg thefreiveide@nted slurry.

cub to the water .bath. At 35C. .t f,l ui ol [y 4
ToENRE R Rl b EedFYds el R sl Dty e fad Wl aionize
wasdr OBegin btdting td $0°2a6d weheddippingtn A e [Gah hiyd @Y @tamstr&orcinol in

verify if the gtion is ly cl W t .
10, kiotize whita A0 Rt e it >iefaria 5% el ftgaptution then
10(§ﬁagﬁsi lﬁﬂ’ﬁdiﬁil/di&‘gefil@ﬁbsipg@e E(ﬂl;t&ﬁQHeETte sstatdchonbser Hightalc_ool to
substanti a nd no_fre mer.. nti nue cool i n '
roqr tequperaiug angh it i RH 19 50 g A2 igto ST eaR ARl Mer,
andl SadOdigfldeidNide@water. Spread out on a paper towel to dry. This resulted in a free

flowing powder with single (droplet) capsules as well as some aggregates.
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adding nore ice, stir overnight, allow ng the reaction

to warmto roomtenperature. Decant 2 tinmes by letting
W@ 2aps/0820%9 settle and rinsing with 300 ml  dei onP@BEUS2005/033109

wat er. Capsul es can be isolated at this point by

filtering and adding 1. f rosil 972R to the

filter-cake and shaki ngily%l\gpgm]zﬁe mouth bottle to mx

wel | . The powder uffuk i1%n iRtk e e ngt OVel to
bench- dr ﬂxame ’?‘ el ath Tt &ﬂnélsrﬁﬁffrésw ng

powder capsul es as we as sone

[0@&? r ?199"1@6%) ml[&gl?é]ﬁttél Wi Qﬁ]ﬁcav‘ﬁl)llks frister Qﬁd @gﬂgcgtu%fne impellor,

tering the tw ce-decanted slurry.
digspive ég@awéOO Sloow-gelatip endie drajng spay gvmnmralac Pe2A0ENleionized

il Mkl B AEUOR, B85 BEHEL o S0 RERD '
dei oni zed water. At 500C, drop-w se, add 10 granms 15%
[009%y chdongithe BHGS pliertts sbItion Mot 10MMOR 6~ BB ). andiusihepH o 4.1

w1?1\(;ﬁf % REGHIACciEORhrmh 90 gxg&g‘lda%’ﬂ OB P 4459- (ﬁ‘)ﬁ@ tGRLY SAd& mgranﬁ

O wth 45% Pot assl um dr oxi de sol uti on.
D@mnmgﬁBvﬁStahd dux vall z Ednstertthe Gelgi/ enn Avabic miuteprvap@rdnn

blén(ag\ﬁgr ?& Ml‘(% mo 2@?‘5 %Ulﬁtﬁﬂ 'E%u?sﬂf)/rsﬁ)@vl; ggnggrr)gg qmg\fe the

capsul es as”wel _ _
deagagrde(gmt ege (HQ)W\J‘PEE)H@) Dluarisfee hackps theét:al@nrrwﬁqr Apparatus in an

e \%tjema%ﬂﬂl &aab argt%f}dﬂﬁneg, b5t 1%9%11 Iwaﬁlq g5t0—60°C) il%i%nized water

reas resor cin e pol ycondensate as
waseaddﬂddiwmbvlse [ Owﬁ]wuhra ralcm@ﬂiioe d oiserak hqulﬂﬂlqtlielthadetstpamuion of

%J (ZSP aﬁ% Hﬁlrtbal?lr 8vrﬁ1ps et€ {)ro%qe é r bltﬂea ?rn%%?otl é%ld IZ%d %%%r H]? or
doahad hchidva tiadsuti. Ebgumlnvz ad;lm@tlﬁrbealﬂ By ﬁddm;;)@ ﬂag ied cubexamthe
i, nd h 0 OC with . . .
wi TR A 956 gt o B e shi S bR bohlved micrasgppicatly, Continue
slom &d’d)hﬁ@%jﬂaﬁ}kd Iﬁeckﬁxﬂgr&copﬁdmylﬁg,fagﬁth @erfxylif the éol%tldgiﬁo igl:oét@%iear
Acetic Acid. rmé4 . Kat hon 2871 to 5 to.
withed ‘EOt‘Cﬁﬁbg"n‘%af“e&%@“ é%ﬁg L@WE‘F@W a@é‘“%’l Y eplipg to25°C.
ONshH1B bBRERR shmanamdv@%dhb EreKpd1pmbr. 2AfinkRobling to 15°C, at
Enul Slf sl OV\AX-‘CY( 10 mn) to achieve the desired

whighyipet @?&1@06 glytergldshy s’y addefla Adersddigerore épeg fhi overnight,

alIBR Rl Ghe @AcKSh (ARPRA Bl tethpRRnSETPbcaNE tﬁﬁeshﬁ’h&tmé@pﬁges‘%ettle
separ at org funnel, about 175 m warm

ang| @insmg wib 30mbdeiopizedaviirad Capselss ganshe. isatedat thip pwn@by filtering

anma&ch £9RRns R LRAVTYR td ihd ikl Jakgirﬂcpshm&‘%ﬁ‘q a&@i@@%‘ix{h%tﬂe to
luird phase that partially waps the droplets.

mlAdﬁJs {The hew pid ouf orgrepaper towel tohensh-dgpovsmigiywdhis gesulted in a
RIS WAL Sw B HUL (dr&8G) BpShs GRA1L BInd 3 RERKEX 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 m! deionized water. Begin heating to S0°C and while
dripping in 3 grams Cymel 385 in 12 ml deionized water. At 50°C, drop-wise, add 10 grams
15% dihydrogen phosphate solution. Heat to 65°C and hold over night. Cool to room
temperature and adjust the pH to 7.0 with 45% Potassium Hydroxide solution. Filter, and
wash with deionized water. Spread out on a paper towel to dry. This resulted in a free

flowing powder with single (droplet) capsules as well as some aggregates.
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by adding a fewice cubes to the water bath. At 350C,
the fluid polyner phase should be observed

woreasoswopi cal | y. Continue slow cooling to 280fLT/Chmo¥033109
m croscopically again to verify if the solution is

[ O(FIBﬂ #—lévi % ge%([,rlﬁlgidtﬂbe 1@\1&%01:}] %ﬁ%ﬁaléleag}f@nh ééfgrlre{{rcﬁettb 9&30%%&&&%%

thesdwﬁill“dll bbsmxawet &atsuubs:tcma miodificavadnk ammpdssitde fvrtb@lt gepaytimgrirom

thes nt e cocy eg“OWI imat which tinme 10 grans of 25%
Pig aia%eh J& s aé’ée(ﬁl After addi ng nore ice, stir
overnl ght, aI | owi ng the reaction to warmto room
ten%aaisgh'ened[%cant 2 tinmes by letting capsules settle
and rinsing with 300 m deionized water. Capsul es can
be isolated at this point by filtering and adding 1.5
granms Aerosil 972R to the filter-cake and shaking in a
wi de-mout h bottle to mx well. The powder is laid out
on a paper towel to bench-dry overnight. This resulted
in a free flowng powder with single (droplet)
capsules as well as sone aggregates. A second wall can
be added by filtering the twi ce-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 5Q0C and while dripping in 2 grans Uea and 0.2
grans resorcinol in 10 mM deionized water. At 500C,
drop-wi se, add 5 grams 37% For mal dehyde sol uti on then
10 grams 15% di hydrogen phosphate solution. Heat to
550C and hol d over night. Cool to roomtenperature and
adjust the pHto 7.0 with 45% Pot assi um Hydr oxi de
solution. Filter, and wash w th deioni zed water.
Spread out on a paper towel to dry. This resulted in a
free flow ng powder with single (droplet) capsules as
wel | as sone aggregates. EXAMPLE 10 Mul ti -shel |
m crocapsul es conpri si ng pol yur et hane/ pol yur ea,
Gel atin/ Gum Arabic and nelam ne resin [0038J In a 1000
m beaker fitted wth an | ka-Wrks m xer and 4-bl ade
turbine inpellor, dissolve 6 grans 300 bl oom gel atin
and 6 grans spray dried gumarabic in 240 nl dei oni zed
water. Start m xing at roomtenperature, again and
heat to 800C with stirring. [0039] Adjust the pHto
clear the solution with 10% NaCOH (~ pH 7). Adjust the
pHto 4 .1 with 10% Acetic Acid. Warm 40 grans Kat hon
287T to 50-60C to nelt. Add 4 granms Desnondure CB-75
and mx well. Transfer the Gelatin/Gum Arabic sol ution
to a warm bl ender jar and add t he Kathon 287T
solution. Enmulsify slowly (~10 mn) to achieve the
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desired droplet size (10-40 mcrons). Transfer back to
t he beaker-m xer apparatus in an enpty water bath.
wassiongimisepar atory funnel, about 175 m  war m ¢GOUSDHOLN)33109
dei oni zed water was added drop-w se. Check with a
m croscope to observe liquid-liquid phase separation
of a fluid phase that partially waps the droplets.
Adj ust the anmount of dei obdi4BdSwater up or down to
achieve this result. Begin slow cooling the beaker by
adding a few ice cubes to the water bath. At 35C, the
1. f | uAdnipmbwulq:ﬂddﬁcEimmpdsibgambgtbiav@lglne biocide or antifouling
agen asragcgogeg 191 t%rall%l eXcags aﬂgd {110 vy/aé rrg%IYerla?g'n H%%s nﬁla%?qgﬂergégoqgto
xyln‘msztdd)fromi which mtehoxesahwntmocaa thdaeh tha biocide fivat the wabndterial.
little free polyner. Continue slow cooling to 25C. One
shoul d observe a substantial wall and no free pol yner.
2. Co n'll"hd]rﬂﬁrdéﬁ@lpisu’lged 0i0diBOEE; claith IWilheedin the i@thidrotpha il uds
2 96 teral de s added. After adding nore ice,
45‘? é}ﬂ?&%ﬁ?ﬁhﬁP%WFﬁam%he reaction to warmto room
tenperature Decant 2 tlnes by letting capsules settle
and_rinsing wth i.oni zed wat er | es .can
3 be TROP&E® Caaf““ttfﬁ ‘gwﬁe? wicef P heredn fﬁgvagﬁaat%r@ﬂleas. %
doghh@® Aerosil 972R to the f||ter cake and shaking in a
wi de-rmout h bottle to mx well. The powder is laid out
on a paper towel to bench-dry overnight. This resulted
4.1 N and hRRoehlBWMINED POVEEST it WHeRGh ﬁle(@m@o%z is present in
capsul es as wel| as sone aggregates. A third wall can
thejgareghisselyedin afpartiadly iwiatr sHeble sglveat.decant ed sl ur r y. The
wet filter-cake is re-suspended in 25 grams of 3.75%

EMA solution and 50 ml deioni zed water. Begin heating
5. t o Bsowcmedcapkilated ip¢igpotrdpiing vhegrimhe va@jimedter@85 thavedcion
C, drop-wi se, add 10 grams
pr%%%%gkﬂ%@gg\ﬁ%l%gBﬁg%ngggol ution. Heat to 65C and
hol d over night. Cool to roomtenperature and adj ust
t he [ tion
6. Ei | l?ehln c%eéda%a\%%écpbxgﬁc{g d(gff)ctci)aﬁl?l?e V\‘g? %v)ggqlr?aé%féll i tlEe reactlon
propaqaelfartmbfdrmmlalyyde‘ﬁtsnrs resulted in a free fl ow ng
powder with single (droplet) capsules as well as sone
aggr egat es. [ 0040] Havi ng descri bed the invention in
7. det @hd mandnsapiulatsdbietienaieldin 3speedid the daghnantpaf@emyl alcohol.
thereof it will be apparent that nunerous
nodi.fications are possible wthout departing fromthe
8. spi TlheImﬁftﬁn(&@ﬂﬂz&ed)lﬁlo&lh@off&inh@VWHégelﬁlﬂlalpﬂﬁlall}V%@tEr dofuble
claiped is: CLAIMS 1. A nicroencapsul ated bi oci de
801&%\&13&5% YR WO 18 AP AMAYE PbHheu 05 &l 5 a5 < spsppiinG ipfg the core

in A0AYuneST aBok 8lt& ativat 29% al encapsul ated in a wal |
material that is essentially inperneable to

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

or mixtures thereof.

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

product of polyvinyl alcohol, urea, resorcinol, and formaldehyde resin.
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xyl ene and from which water or saltwater can | each the
bi ocide fromthe wall material. 2. The
wor@msosocapsul at ed bi oci de of claim 1l wherein PEBEUS2005/033109
i sot hi azol one includes 4,5 -dichloro-2-n-octyl-3
11.(2 Hh?é .ﬁﬂd&h%&hﬁ&%io de Jﬂ%ﬁim%&%ﬁ‘&ﬁa@%h%lia@é?iapis%ugman
of claim?2 erein the wa material contains a
migtogaasule indluding h enefinvng oo aldehydainser wilbci de of claim 3
wherein the isothiazolone is present in the core
di ssolved in a partially water soluble solvent. 5. The
12.m cAcermgpsmpesitent doimpusidga 6m rmemordinghegndiamictoencapsulated
. rial. i. e.r ti : i I C ..
oL o A5 LA RS o 805 AN oGl s
an bthianvldnalbiedidd or antifoulived dgemetbag is enkapiselatethes 7 gae atznal in a wall

r.oduct. of am no f | dehyde .resin., 7.. The
maff B i Sl B BB de P A RSl et M pgacn e
isothiyaalohe frsmpiod gapduiy| al cohol . 8. The m croencapsul at ed
bi oci de of claim4 wherein the partially water sol uble
sol vent dissolves in water in an anount of about 0.5
13t 0 BRé @kfbosition sFetiipar athettid the Gothir@olond Mcludesals-aidRlgivt 2-n-
of about 5 to about 25% 9. The m croencapsul at ed
°“B¥%§HE§°@F“@P%?n18 wherein the solvent is an ester or
an ether or mxtures thereof. 10. The
m croencapsul at ed bi ocide of claimb5 wherein the wall
14.mat Bhe comppationef cladmde e bewel! maferipopipinsgidosdnéonol |
urea, resorcinol, and fornmal dehyde resin.11. The
m cr oencapsul ated bi ocide of claim5 wherein the wall
15.rat g @mppsitien ofiedaimi4 Whergincthe isgihiagplens is progent iythg core with a
pallElAN B S h8leBlveghyde inner wall. 12. A coating
corfposition conprising a filmformer or binder and a
m cr oencapsul ated bi ocide or antifouling agent, the
16M Cf&%ﬁﬁgﬁﬂé)ﬂf%‘ijanﬂh 9 %?f@in%e \@ﬁf lj.llcf(ijﬁgllllih e ?eggtﬂ)tn product of
conprising an isothiazol one biocide or antifoullng
polargieyitalqoheltanil ¢ phenolipsasinat ed as a core material in a
wall material that is essentially inperneable to
xyl ene and from which water can | each the
17.i sotle cmpbonien ¢fretamtlh evherpstht wall r@teridhe theaegeoen priodurt of an

mn?%?%”%ﬁ% Wﬁqgein t he i sothi azol one incl udes
L5211 P%ro-%@noctyl- 3(2H) -i sot hi azol one.

18. The composition of claim 14 wherein the dopant is polyvinyl alcohol.
19.  The composition of claim 15 wherein the partially water soluble solvent dissolves in

water in an amount of about 0.5 to 5% and is incorporated into the core in an amount of

about 5 to about 25%.

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

polyvinyl alcohol, urea, resorcinol, and formaldehyde resin.
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14. The conposition of claim 13 wherein the wall
materi al contains a dopant. 15. The conposition of
W@ b@ics2b49 wher ei n t he i sot hi azol one i s presentPCTIUS1985/033109
core with a partially water soluble solvent. 16. The
conposition of claim15 wherein the wall material is
the reaction product of polyvinyl alcohol and a
22. p heTied dompoﬁ'ﬁcbmof clafm 1$h\ehewd1mhe) giall naterialf is @ dedl rwallSnicrocapsule
h n E &, k% mat mwr“mnls the reaction product of
a%Wﬁ%ﬂWﬁ@‘F O FBKY B ¥ @4l 18, The conposition of
cIa|n114 wher ei n the dopant IS ponvinyI aIcohoI 19.
he_co 03|t m 15 wher ei
vvat Lhe copPgst ‘%“ gfcfl?a\}‘@ﬁ% W&egeé% P§ 8%m‘?°r‘°ilq\7?/3tl Serpgrme pﬁ‘r‘l1t anDu nt
of about 0.5 to 5% and is incorporated into the core
in an anount. o to about 25% The
24.c onPRSOIPGHUO Ofa?aé@ﬁ YBET RO PO RBOR S AT PR an
ester or ether or m xtures thereof. 21. The
conp03|t|on of claim 15 wherein the wal]l material is
25t heArefBginer3t BaNEnE 8MiGaERFoRIH ISP PRGN
1sofh‘i°a%9foﬁé Bigtide ésrhdcot@raal@m ehoa ?ﬁllz{t&ﬁinr& Wl matéreal BRDRRSJchiIN
of claim 15 wherein t material is a dual_ wal

impgreahioate Syleae W%Wﬁlcmaéﬁﬁ%@l%ﬁewdﬁw’é bigeiflsrfrom the
wall@lakeriag3. The conposition of claim 12 wherein the
conmposition is marine paint. 24. The conposition of
claim 2 wherein the conposition is a |atex paint. 25.
A roofing material including a m croencapsul at ed
bi oci de conprising an isothiazol one biocide as a core
mat eri al encapsulated in a wall material that is
essentially inperneable to xylene and from whi ch wat er
or saltwater can |each the biocide fromthe wal
mat eri al .
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