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1 BLENDS OF ENCAPSULATED BI OClI DES The present invention relates to bl ends
of encapsul ated biocides with free biocides. In particular, the present
invention relates to blends of encapsul ated 4, 5-di chl oro-2-n-octyl -

3(2H) -i sot hiazol one ("DCO T") with free biocides. The invention also rel ates
to marine 5 antifouling coatings and paints incorporating free biocides and
encapsul ated DCO T, and using the freeibiocides and encapsulated DCOT in

marine antifoul ing coati ngsLEROSE PRNEAPSVYRATED HloaihEpg and pai nt
manuf acturers customarily add biocides to the paint to prevent or inhibit
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effective level but not so high that biocide is released wastefully. In
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exanpl es of m croencapsul ate I'ocCl al nt conpositions. See, for
exanpl e, UtruSureRatlessta iy, 6, 365, 066 whi ch descri bes the use of a variety of

m cr oencapsul at.ed gjoci s in conbinatjon wth.filmformn | yners.
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the plasticizing effect of some organic biocides on paint films. A method to control release
20 rates over time is desirable to maximize the dosage and effective lifetime of the biocide in the
paint film.
There are many examples of microencapsulated biocides used in paint compositions.
See, for example, U. S. Patent No. 6,365,066 which describes the use of a variety of
microencapsulated biocides in combination with film forming polymers. However, these
25  compositions do not address the problem of ensuring that there is sufficient biocide available
to provide initial control of microorganisms.
One biocide that has been investigated for use in marine antifoulant paints and
coatings is DCOIT. DCOIT has the advantage of low solubility in water and high solubility
in xylene, a solvent often used in such paints. Unfortunately, the low water solubility still
30  does not prevent DCOIT from leaching out of the paint film when the film is immersed in
water. In addition, DCOIT is known to plasticize paint films, that is, lower the glass

transition temperature (“Tg”) of many of the polymeric binders used in the paint. Such
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transition tenperature ("Tg") of many of the polyneric binders used in the
paint. Such 2 plasticization often results in an increase in the drying
time of the antifoulant paint. These properties have |ed paint,

manuf acturers desiring to add DCOT to marine paints to consider

encapsul ating the DCOT to reduce | eaching and the effect on Tg and/or
drying tine. Because xylene is a common solvent or base for marine paints,
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20  shell wall chemistry, particle size, shell wall thickness, degree of shell wall crosslinking,

presence of solvent in the core, and others. One difficulty with utilizing encapsulation is that
in order to provide a paint film with long-term resistance to fouling organisms the release rate
of biocide from the microcapsules must be slow. Unfortunately, this results in very low
initial concentrations of free biocide. As a result, initial control of fouling organisms is

25  limited.

We have discovered that blending of microcapsules with free biocide can be used to
fine tune the overall flux of free biocide in the paint film. One embodiment of the invention
is a coating composition comprising:

a. amicroencapsulated biocide comprising an isothiazolone biocide or antifouling

30 agent as a core material encapsulated in a wall material that is essentially
impermeable to xylene and from which water can leach the biocide from the wall
matenal;

b. free isothiazolone biocide or antifouling agent;



i npernreabl e to xyl ene and from which water can | each the biocide fromthe

wall material; b. free isothiazolone biocide or antifouling agent; 3 c. a
filmform ng polyner; and d one or nore solvents; wherein the concentration
of free isothiazolone biocide or antifouling agent is from 0.25 percent, by
wei ght of the conposition, up to a con%entrati on that does not 5 reduce the
glass transition t?nperature of the fil'mform ng polynmer by nore than 20 C
as determ ned by adiPiemEps pAYmeeaidhi ng cal ori metry. Another enbodi ment of
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other areas of materials preservation. In one enbodinent of this invention,

the mcrocapsul ematgsial; or wall material is 25 designed to be essentially

i nper neabl e to; X e 1 - hi s fpvention, the term
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Thi s affords ggod "in-can" stability, and reduces the tendency for the

DCO T to | eachdf PBAPERECSANENFes and i nteract with

15 wherein the concentration of free isothiazolone biocide or antifouling agent is from
0.25 percent, by weight of the composition, up to a concentration that does not
result in an increase in drying time of the composition.

Unless otherwise specified, all percentages are percent by weight and all ranges are
continuous and combinable.

20 A specific application of blends of encapsulated biocides with free biocides is for the
encapsulation of DCOIT for use in marine antifoulant paints. Other potential applications of
the coating compositions are in architectural coatings, plastics, wood preservation, and other
areas of materials preservation.

In one embodiment of this invention, the microcapsule shell or wall material is

25  designed to be essentially impermeable to xylene. For purposes of this invention, the term
“essentially impermeable” means that when contacted with xylene for a period of 90 days at
45°C less than 20% of an encapsulated biocide is released. This affords good “in-can”
stability, and reduces the tendency for the DCOIT to leach from the capsules and interact with
or plasticize the paint binders in the dried marine film. The microcapsule shell should also be

30  permeable to water. 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



or plasticize the paint binders in the dried marine film The m crocapsul e
shel'l should al so be 30 perneable to water. To achieve a good rel ease rate
of the mcroencapsulated DCO T, the shell materials should be inherently
hydrophilic such that they gradually release DCOT to the surface of the
marine coating in the presence of waterq and, nore particularly, saltwater.

I'n anot hesBlv%fﬁ’é‘ﬂQJnﬁ@;BHrné?fwaieP?olﬁHW@rﬁxétq{‘ solh&hﬁﬂﬁ%&?oﬁﬁérﬁ%t’/ﬁo sfphease,
certain miscible organic 4 solveits having partial water solubility, that

i's, sol ubi25*€yar¢ encapsubatedofithftheoRCOIT. 90 ernhaBghthe ratedsich WblpleDé?ﬁli"épﬁsulemeéd Wwith
.t he DCA T’ffoan? ther}'hx% I?Tgfattarh eInrsa&le er\rll\f())(idngcnrits scﬁvepgquch ?:ﬁ %gasw eatsé% gclglfggrl)g ﬁt CS| ;Lglms

I n water. ) asli c e

and gl ycolanetgbedsl Hee haatats, anam@bu@nbwuy}hate Sﬁihtthécﬁﬁ)QOM1sbﬂbldB@OITt o form
m scible DCO T 5 bl ends for encapsul ation. While the discussion herein
addr esses btlﬂ’ésgﬁéa‘ffé‘ﬂ%aé{opon of DCOT, those skilled in the art wll

recogni ze. that vofite SRLANAH HckGRa AR 8948RIR6 JBXIT2 QR | ons

thereof with o I ocl des cou d e proces Inasimlar manner. In
parti cul arthe mwakrecdgyndpdphdhcrcdensﬂtvm axiahdnges hADCOFT hrelcomdimatiossol ubi | ity

(e.g., less t partlclarl Iessth 1% ter at room
{emmer at uriBSreal o aitet ios OB oyl bel e e i e e B oot

benzi sot hijgarhRstc fsotBlanlame@'ﬁﬁ'vﬁé"l%bvrwa%rl%ﬂubﬂl%f (e\galidsY @fn 08 an@engICapsul at ed
alone or in conbination with one another or other biocides usi ng the

t eachilfgs meicelery lasntharidetin ater atgpore fenppenuspIfueh & HR-eeybHSH)-isatiageiony
xarpl 6, (s enAkda MRS T Rl et ab ARy 8 e ApaRHE Be | " 1
Fol pet, TGii¢ombinhtidhn withrmne atoﬁxeapprbthﬁa)lujcaieﬁ osingithe taachmgméxeteme[ntaddmon DCO| T
Stabi | by R GoRRBls i G aR e B B DR VRS R B e o
Bble fo Iy aris %F%&W?Wﬁ&%‘?ﬁ D 0% and.

pr ef erldbl yalpet, TGMBR, @@l/(ﬁmomyﬂe@nehcablerf@om ohe mwgndioat ure for 90 days. In

ot her enbodi ne he ty,lS, su h t hat . than 10% and
or of er abl y | es D eArroE b HieFBRaleRr L FRRR oL bl iR Yo idPle sl n AT &

further ersbdlitpeimi to prasde shhaﬂecﬂﬁﬂéa@fofﬂﬁﬂm'onswbﬁleﬂ;ﬁﬁad t@vadbQnaver one year.
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further embodiment, less than 10% of DCOIT is released at 45°C over one year.
In accordance with one embodiment of the invention a microcapsule having a wall
formed from a hydrolyzed polyvinyl acetate and phenolic resin is used for this purpose. For
25  purposes of this invention, the term “PVA” means partially or fully hydrolyzed polyvinyl
acetate. In the case of microcapsules formed using partially hydrolyzed polyvinyl acetate, 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 PVA and the
phenolic resin components (e.g., urea-rescorcinol-formaldehyde) are incorporated into the
30  capsule shell in the amount of from about 4 to about 8 parts by weight partially hydrolyzed
PVA and about 20 to 30 parts phenclic resin. The encapsulation procedure for making these
microcapsules is well known in the art and is illustrated in Example 1. As illustrated in this

example, to prevent the DCOIT from reacting with the wall materials, the DCOIT 1s mixed



hydr ophi'lic character of the capsule shell can be adjusted by varying the

amount of partially hydrolyzed PVA that is incorporated in the wall. In one
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20  ethylhydroxyethylcellulose and polyethylene glycols. While the amount of dopant used will
vary with the nature and thickness of the wall, in a particular embodiment the dopants are
incorporated into the wall in an amount of about 2 to about 10 % by weight based upon the
weight of the wall materials. For capsules having thick walls, the amount of required dopant
is expected to be more than the effective amount for thinner wall capsules.

25 In order to enhance water release or extraction of the DCOIT, in one embodiment of
the invention, the DCOIT is mixed with a partially water miscible solvent. Examples of
partial water miscible solvents include, for example, esters and ethers and, more particularly,
dibasic esters such as dimethyl adipate, or a blend of diisobutyl adipate, diisobutyl glutarate
and diisobutyl succinate, polyglycol P-1200, and glycol ether EB acetate. Miscible organic

30  solvents having partial water solubility in the range 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



25 In order to enhance water release or extraction of the. DCOT, in one
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Exanple 4. 1n stil not her nt o e present inventjon, dual wall
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condensation polyner is illustrated in Exanple 5. Cther m crocapsul e wal |

systems t heactiemprogesct eéwromam%wmyar@mwwmél foPVt/’hHRErCeB@ﬁ%athﬁvent i on,
include a de y di
re-encaps Lﬂ t emsq ‘tls&lrg%g% 1' )néc)?&ggémel\ﬂ@pﬁak Chg{ %Saﬂﬁ)(%g Scl’ F,l‘r-l
encap0l atodtr embbdikdifs biRbe pmlsqmtrm\zelﬁtEmamplhée ﬂmelamlrﬁ\féﬂﬁ%hgdee(f MFECeshslll e re-
capsule further re-encapsulated with PVA-URF (Example 6); an MF shell capsules re-
encapsulated with PVA-URG polymer (Example 7); a PVA-URF shell capsule re-

-

encapsulated with an MF process; a hydrophilic shell comprising gelatin-gum arabic as a first
shell and a second shell of MF or a URF condensation polymer (Examples 8 and 9).

25 Regarding the dual wall systems, the MF provides significant improvement in xylene
stability while the PVA-URF or PVA-URG wall provides additional hydrophilicity in the
shell to facilitate diffusion of the DCOIT in an aqueous environment. The dual wall system
provides shell strength to minimize capsule damage during paint formulation and spray
application of the paint. The ultimate shell characteristics for microencapsulated DCOIT are

30  achieved by adjusting the thickness of the two wall materials to afford a balance of xylene
stability and diffusion of DCOIT iﬁ seawater.

In another embodiment of the invention, the DCOIT is first encapsulated in a thin
(e.g., less than about 0.1 micron) MF wall, and then further encapsulated in a PVA wall as



encapsul ated with an MF process; a hydrophilic shell conprising gelatin-gum
arabic as a first shell and a second shell of MF or a URF condensation

pol ymer (Exanples 8 and 9). 25 Regarding the dual wall systens, the M-
provi des significant inprovenent in xylene stability while the PVA-URF or
PVA- URG wal | provides additional hydrophilicity in the shell to facilitate
diffusion of the DCOT in an aqueous environnent. The dual wall system
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I n one enbodi ment, the capsule size range is about 5 m crons to 20 about 40
m crons, argiedigntdn thy priagiimy, Inens pmbgdiment: Sissapsyleaizs Gange @ 3wt pRisTONS to

Di strijgut iaBSht% microns, and more typically about 5 microns to about 20 microns. Distribution of
the biocide improves with smaller capsules such as less than 10 microns.

In one embodiment, the microcapsules are dried before incorporating them into the
paint formulation. Any conventional process for drying microcapsules including spray drying
can be used for this purpose. However, for some paints it is possible to incorporate the

25  microcapsules into the paint without drying. This is particularly true with water based paints.

In accordance with an embodiment of this invention, the encapsulated biocide is
combined with a film forming polymer or binder such as the film forming polymers and
binders that have been proposed for use in marine paints, gel coats, and similar paints (e.g.,
natural or synthetic resin or rosin binders) to provide coating compositions. In one

30 embodiment of the invention, marine antifouling paint compositions can be prepared. Such
paints can be prepared by incorporéting the free biocide and 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.



the biocide inproves with smaller capsules such as less than 10 microns. In
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desi red ( nigrocapRule®!@lon®EmBdidént 1th8pkdles3Rdadiéd Weirdhhount ibipeovadabBht 20equi r ed
will be a function of the rate at which the free DCOT is |eached from
DCOIT in the dry film. In one embodiment, the free DCOIT is added in an amount of from
0.25% to 15% of the weight of the film forming polymer or binder solids. In another
embodiment, the free DCOIT is added in an amount of from 5% to 15 %. In still another
embodiment, the free DCOIT is added in an amount of from 8% to 12%, preferably about
25 10%.
The free DCOIT may be added to the compositions of the invention in any convenient
form. This includes adding it as a solution wherein the DCOIT is dissolved in a solvent
compatible with the compositions. In one embodiment, the DCOIT is added as a solid
material. Such a solid material may be, for example, in the form of a powder, flakes, or a
30  melt. One convenient form is to add the material as a technical grade active ingredient such
as, for example, Kathon™ 287T microbicide from Rohm and Haas Company.

Other applications for the combination of free and microencapsulated DCOIT may

include use as a biocide in latex or oil-based paints and coatings, adhesives, sealants, caulks,



the dried coating filmand the rate at which the encapsulated DCOT is

| eached fromthe 20 microcapsules. In one enbodi nent, the capsul es are added
in an anount to provide about 2% DCOT in the dry film In one enbodi nent,

the free DCOT is added in an anount of from 0.25%to 15% of the wei ght of

the filmform ng polyner or binder soligds. In another enbodinent, the free
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enbodi nents of the inyention. The ipvention js..further illustrated
by the follow ng non%icfﬁef"faﬁﬁﬂaéﬁ?ﬁr?gpgﬁ?tclﬁﬁ{gglé%g %’?ﬁ%i‘@lhéeé&speci fied, the
source of the RaQqledtphdéelsprspidi 28risIsting 6F1 Qramdeedhpt £5 YolstkRptH agebide a
nunber of techniques to encapsulate DCOT. 15 EXAMPLE | M croencapsul ation

of DCO T cehtiansiRyAseY et Stf pndeyinol™ 125 both manufactured by Air Products) and
300 grams of water. The aqueous phase is heated to 40°C.

20  The core material is prepared as a mixture of 100 grams of DCOIT (97%) and 100 grams of a
substituted aromatic 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

25  toa 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

30  ofa 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 mi of

37% formaldehyde second addition is added drop-wise. This solution may be divided, with



An aqueous phase is prepared consisting of 160 grans each of a 5 % strength
aqueous solutions of PVA (Vinol TM 540 and Vi nolTM 125 bot h manuf act ured by
Air Products) and 300 grans of water. The aqueous phase is heated to 40C.
20 The core material is prepared as a m xture of 100 grams of DCOT (97%
and 100 grans of a substituted aromati,c sol vent, SAS 310 manufactured by
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(manuf act Ufsg@ an Ika-Works mixer and high speed turbine with the speed controlled to produce

20  DCOIT 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 % PVA (Vinyl™ 540

25 manufactured by Air Products) is added followed a drop-wise addition of 11 grams ofa 15%
salt solution of potassium 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

30  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.



by Zeel and Chem cal Conpany) solution and 30.37 g of water and heated to
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trimethyl ol propane trinethacryl ate . Just prior to enulsification,
tertbutyl deexysenatddawith nifrageg)for Ishawi whie heatingototI9eC.i Rhabatell is figndeld afHECi nt er nal
N L R
until a steahlistoresoutabis@alyimsrif partieles eadineongprisingiagiolyinterit kiggil entapasibing thel
DCOIT having a mean particle size of 19 microns.
20 The particles of encapsulated DCOIT are then subjected to a secondary treatment at
45°C involving drop wise additions of aluminum sulfate TG 8.3% (60g) over 12 minutes, 10
v/v% sulfuric acid (34 g) over 12 minutes, and a mixture of urea (2 g), resorcinol (1.5 g), and
water (20 g) over 12 minutes. Then a mixture of 25% gluteraldehyde (5 g) and water (5 g) are
added drop wise very slowly over 20 minutes to prevent aggregation. Then a second addition
25  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.
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

30  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



15 into'a 1-liter beaker with overhead stirring, thernoneter and nitrogen
supply and deoxygenated with nitrogen for 1 hour while heating to 90C. The
batch is then held at 90C for 1.5 hours after nitrogen renoval before being
cool ed down to 45C. The resulting enulsion contains polyneric particles
each conprising a polymeric sheII encaﬁ)?ul ating the DCO T having a nean
particle %iie cg 19.m.crons es .of etnca | at ed T.are then
subj ect ed "13“% seéﬁacﬁifllﬁér}cﬁr[’tolzaéeéltlﬂtgﬁtm € PHBIOTRYRYIR RGN} 6'{}\?@8 B8 ons of
al um num gedofdbee With SneXato@Rght OMBE indentishnut es, 10 v/v% sul furic acid (34
g) over 12 mnutes, and a m xture of urea SZ g) resorcinol (1.5 g), and
water (20 g) over 12 minutes. ThenEXAMBEEBB of 259% gl ut eral dehyde (5 g) and

water (5 g) a xaxﬁ‘ﬁg 95! léj{eg&éég' d.éﬁlg‘é%[) t1§A diufds ?gatg?om&' lgsgﬁvgé vent

r
aggregati on. Then 'a secon tron urea cl no .5 0),
and waber “(a&@(lj))g)msteaddédummm sbMatei fihd: eﬁlufnotdlfatmesdluhyna addndxdrop eisof 25%

gl ut er al deh er ( added. dra m nut es.

Fol | owed BY rggt”gl‘f‘?tgg dggfi'{\l%ﬁ'%‘?e qsf’r"gég %5 18 aF*angWéﬁ%s?" ?elre%lzlé and wat er
(20 g) is nﬁ:‘dﬁ!@ﬁht&l\/iﬁfo a mhaindi gamt ﬁﬁmﬁlehdrptwebvm adndHin%lcbdtRg Gk 225l uiigr al dehyde
(5 9) and water (5 g) added drop w se over 12 mnutes. After all additions

are made PheemkgiBe e ventidier eased from 45C to 30 50C and hel d overni ght
to cure for approxinately 16 hoursEﬂmtEcpol ing and pH neutralization the
m crocapsul es are filtered and drie produce a fine free flow ng powder
12 that can be readi Dyalienapsyaioatpededsiwtith safimminierfaciganpslef or mul ati on to

provide a marine cQa acco nce vmthoee of the
i nventi on. EXANPE’ERQE“@W @‘%A“‘w{? PReEsCl Q&gﬁmyﬂ?‘?’ of sodium
sul fate powdgferdaPpifike Q'Ip?tﬁa@xleﬁﬁﬂnhﬂng @g@!’tﬁér%ol{eﬁ@@ﬁ'(ﬂﬁ Hatla Rinpalatid sUM

sul fate. The sodi um sulfate solution is added drop w se over 12 m nutes.

Again, a dropnd pE, piitbuRaty! psihenlated1@ehi, dviadanciial Sigemiatsc(1pgaand v
acoor danc et pRbBraBIhaPRllY 1) 8 kAol dfa Al bl bygRafg> ' "9 1"

encapgdl atl gyis prixedds s nheﬁﬂteraalfphmt Thetierhaghade mEcpﬁcogeelzv@jlnto wadterd¢53yd)i C

pol ymer and PVA-urea-resorcipol -formal dehy rrer An i nternal phase i's
prepared K9ntARIEEAY A t #o‘i?t)éﬁgbeéﬁﬁhiﬂfgﬁp Q6 B) ysingseV ang et ar ound

S0C, Wi t hpiRudbr SRidaSs it s@abﬁé&mﬂ%mﬂ-ts fétmeQUtl"ﬁ@@rgﬁlgibn ¢ (BGT ydndkGed B 9) and

trimethyl ol propane trinethacrylate (10 g). Just prior to emulsification,
tertbutyl ader bﬁex/@qamrevnh 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

20  after nitrogen removal before being cooled down to 40°C. The resulting emulsion contains
polymeric particles each comprising a polymeric shell encapsulating the DCOIT having a
mean particle size of 19 microns. The particles of encapsulated DCOIT 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

25  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

30  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 the temperature is increased from 48°C to 50°C and held overnight to cure



S e e

15 (1 g).is mxed in to the internal phase. The internal phase is

honogeni zed into water (453 g) containing PVA (El vanol TM 50-42) (6 g) and
(Elvanol TM 71-30) (6 g) using a Waring 1 liter blender for 8 mnutes until
a stable enulsion is formed. The enulsion is then transferred into a
1.5-liter beaker with overhead stirring, thernoneter and nitrogen supply and
deoxygenated wth nitrogen for 1 hour While heating to 90C. The batch is
then hel d &ir aPfiCxitmatelyll hdugsu rAfte? Coodihg @iid pH héud@RMtibR e \strobgl@esarbei ng cool ed
down to 40% The resuyl ti ng enul si on c%t ains polyneric particles each
conpri si ng Yergd prddrier co RREYe adreRipdust et 639 be FRadibtnFerperalef e a MapBBPAar t i cl e
size of 19HnGlABSto pfoMiddAhbdifd Bfirfin AR6RA %I@hp&emc'{ gfaﬁteoftﬂtbqﬂvémm ect ed
to a secondary treatnent at 40C i nvolving drop w se addi tion of a m'xture
of urea (3 g), resorcinol (7.5 g), EXaMRBEér (45 g) over 12 m nutes. Then a

sol utiop of sodium.s e. 25 owder (1. ) i s added
drop vm'ge over m% ﬁ'u‘? TICH UISS é“f &glr&ﬁ?acd\?fsg?'ﬁ]éfv&@ de (22.5 n) is
added drop w se over 1Radtion bk @SaromhtiSol@sotPamleNdsBotiodhel 8  40C, 10 v/ v%
sulfuric acid is added drop wi se over 6 mnutes. The batch is then stirred

and slowy heated toPX@OlféﬂrEqsorSEmhb@fmaldﬂhéfl\e songlspwHeon palynet on of a sol ution

(r)TI)ulrgadl(\?;l g)ed mﬁﬁé}fleﬁlpﬂ% 1s;p§g;%dc%% ove t%g%%érﬁa?%]s@{?@\%ggawai ﬂghgggog?

hal f aft er tempkfature ofdreundG0EC atithABdSmodiy & DdlSC(fBaijﬁ) (10h@NTisd 1hfehﬁdplﬁt§fdlssl ow y

heated o 48C over 1 hour. A third additi ur OI‘CI ol (4.5
9), wat@r P@?O@n&fd TRV TR b P RBiREdeY 4 %@V‘?ﬁ"} o 50 é%déa pfdERemoth Pt s
After all Qﬁ%sa Waﬁn@?ﬂ&‘:r%l'&ﬁ‘defr ?d?ﬁ?&xﬂﬁnﬁés%ﬂt@a'stﬁﬂé%ﬁﬁfén id RIM&ABGH0 50C
and held over n| gh o cure 13 for approximately 16 hours. After cooling and

pH neut r al emalsioons ﬁlhetrme:erred:awsml-é@r heaker with overkedd andnmndethem@npteodﬁlme a dry
broduct L NSl AtaGel 2 d0'c WRESIARAL TN Bl A3 AR hpe{ GOBALL N Lo

pr ovi de a nar I'n accor nce Wlt one e nventl on.

EXAMPLES  added@kopwaikd. Theareh aphe iRdd £GOTT bednﬁightanl‘hertésattfng@nﬁlsw‘nl coffainwal |
with the reaction of an aromatj c po) yi socyanate a second shel |

PVA- ur d3- r BASPETHRATSIeHSaeh CATmRTgE @ BALEISES PPYY Hrep Shel arapaplating the PQO?Bhase is

prepared byahd Rda I\h%aﬁtx@ﬁiemlstnﬁ&omxp(n%Qleg))faica;ﬁula{eawn‘tawtﬁmpf around
50C, with DesnodurTM L 75 (Bayer) (10 g). The internal phase is 10

hormogeni zedulijgstad t%tswonféasbge@)le@ o0 invedy imasop FispaddifianvpGomistyre pfured  and
(El vanol TM %)gre:ég ):mgl4 % 230\/@ 2I m}nl.ltteg r ]pelnearégﬁllﬁo{n of sogigmmuﬂa'ttees unti |
INto a

a stable e fon 1S on 'S t eén transfterre
I -1iter bepkederil gj‘anﬂweutdwmlg)si added agp aﬁsi dvbes fifirmeds € Thenld 7% solution of

20  formaldehyde (15 ml) is added drop wise over 7 minutes. After a 10-minute hold at 40°C, 10
v/v% sulfuric acid is added drop wise over 5 minutes. The batch is then stirred and slowly
heated to 45°C over 1 hour. Then a second addition of a solution of urea (2 g), resorcinol (3
g), water (25 g) and 37% formaldehyde (10 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

25  slowly heated to 48°C over 1 hour. A third addition of urea (2 g), resorcinol (3 g), water (25
g) and 37% formaldehyde (10 ml) is added over 12 minutes. After all additions are made the
temperature is increased from 48°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 lumpy isolation.

30 EXAMPLE 6

MF shell capsuleé re-encapsulated with PVA-URF polymer
An internal phase is prepared by melting DCOIT (260 g) at a temperature of around

50°C. The internal phase is homogenized into an aqueous A Solution consisting of 110.0 g of



batch is then heated to 50C and a solution of triethylene diamne (0.5 g)
and water (10 g) is added drop wi se. The batch is then held at 50C
overnight . The resulting enul sion contains 15 polyneric particles each
conprising a polyneric poly urea shell encapsulating the DCOT having a
mean particle size of 16 mcrons. The rticles of encapsulated DCOT are

then subj d.fto a _seconda treat nen t 4 i ol vi ng _dr.o | se addition
b on ot b5 ety G OMASAntac S EATE orufibn 12 0¥ & of btk (s WaBBe 200
m nut es. Thien bRnda Whilke maiftaisng iherempdritate@f aoowErC (dhrigy thabthulsHicetion( 15 g) i s

added drop wi se over 6 ninutes. Then 37% sal ution of 20 formal dehyde (15
m) is adBREeHOpsh sI8Idder’ & migehfeEed B ieadied fisFbilGee s OO, 10

v/iv% sul f Wkt CatRGi G &ﬁu@(j{(iﬁ‘éiagﬁﬁtﬁﬂx iMedfced Uil 16-5b DitdBsletd 416 rhaleghThs then
stirred and slowy heated to 45C over 1 hour. Then a second addition of a

sol uti®dn ehulsioeds thén gansferred mtacd hditer p&akemyyith ovethead {t@Bngy@nddhatmd@etef.or mal dehyde
(10 M) is, divided.in half and.added over, 12 m nutes. followed. by. the second
hal 1t ¢ o & YR E PR (44l B Rt Phesbhefs aadse PSR o1 o y
heat ed t ObA&Gs@eRhedtedRUI5C Avdrhi T ibuasdilil hildMoraf houf B8n Eedid) , The esar@pnol (3 g),
water (25 g) and 37% fornmal dehyde (10 m) is added over 12 mnutes. After

al | addi t PBRSion centainsieolyeic Ragies eaptureBIPFiSng f eolwagicriiperiaragldeles 0C and
hel d OverEﬁeﬂ%cipgul&ﬂ{g%éB&o@ﬁi&ﬁm&aﬁp\énmsi Qi & ie%ﬁé.er cooling and pH

neutralization e mcrocapsul es Tare l'tered and dried to produce a | unpy
i sol at®on. 30 BExAMRidies®f Mcapdubitdd REGPHIHIwsy arethem diapied iraliadfl Thist {2 TR2- URF

pol ymer An internal ase is prepared b Ltin T. (260. at a
P oo at ulatBn e pisst WbeecoreRly TRATEh e i e Fbise ARONE At o an
aqueous Ambghidtof Qfea ¢DRS tesdrciel of dg),lér@v@ata (od %)lﬁer @ minded0 Eidakl me nel eic

anhydride copol yner solution and 121.48 g of water usig{\ﬁgg a Waring | liter
bl ender. wWintian ofdprmaldehydeg(18 md) s edgrdrdiQruyise ever 4 monies. FEr ddPimipute held

enul i T CRLI08 1040688 QTR T M8 Raded frgd it o EPSHTAGLURE phYh DHGC. TS

added to stabriize the emnulsion. er a e agitation is
reduces astiireit 45%0Dowem dowpTaesa secend adivied of & srdutneifiules (Dg), resortineh (7

transferred intg a 1-lLiter beaker with qverhead stirrci and t her noneter.
Then . 156-341F CXEDET ofveommelis e (LS Furammp irnh e AL RaErY  added
drop W segbhed bP#eGhednd nhlngfer 183t Autt Aol 24 PEEThd bachRich saRed 4l d for 4
hour then cool ed. The resulting enulsion contains polyneric particles each

conpri si ngloalylsatedee 5 Cavenbhqusr Fagndisatpd to 60S6 913 honesaand gpaled- nyfterhe DCOI T
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20  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 7A
MF shell capsules re-encapsulated with PVA- urea-resorcinol-gluteraldehyde polymer
An internal phase is prepared by melting DCOIT (260 g) at a temperature of around
25  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
30 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



fraction is subjected to a secondary treatnent at 45C involving drop w se
addition of a mxture of urea (3 g), resorcinol (3 g), and water (30 Q)
over 10 mnutes. Then a 37% solution of formal dehyde (18 nl) is added drop
Wi se over 7 mnutes. After a 10-minute hold at 45C, 10 v/v%sul furic acid
(10 m) |s added drop wise over 5 mnujes. The batch is then 15 stlrred at

45C over our . ‘It'hen 3 Seco ddi on of a s Iut| on .of .ure é?él ,
resor ci noFmenﬁS’n AR Y"“(‘"é’d’ag‘”éﬁ?f %"FW%P 2 i 4] (?ﬁ’)aﬁif Y48i vi ded in

hal f and agledcpviaitink2hd DCOIEEaviig hemgrrtile sﬁzl@%f&i@ﬁﬁlﬂéhshqihé patitiedofa 15
m nute hold at 45C. The batch is then stirred and slowy heated to 55C over
1 hour. TREAPHRICOH By 418 then diviled andibrif are Bltered tomfwépakeérfépﬁhé and pH

neut 1ot | 2ptah kDS SRARGREY SRR el £ ARl Alb S QR 1 e
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f th t
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i's honogeni zed into an aqueous sol ution ¢onsi sting o
et hyl ene h&mx@eSaﬂhgam iapdure 9H 3% winteraldehyds Gre) amﬂwatz:i(&gs agg ad‘ﬂCCWi@}EWlS@ISl ng a

V\ar! ng 1 (N N ﬁnnu\{évgltJ) Te ltgé {1 ﬁ gd’:l tlfgnof?l ea und 50C
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Cytecl0s adoethol ¢1.5 g)abncl wzter (lzhg) Ratdediover 12 n%fnhtéﬁ fozhlbweﬂ b;iLszﬂﬂtuftabé%ﬁ%t he
agitation js reduce nd. 10 - 5 roplets are forne The 30 enulsion is
then t ran§$lm§§1yg%ﬁ%&?am&wm@ﬂ%@%ﬁgwwwmé%Wé% sgvlﬁqwewyaﬁ‘a%

t her nonet @&dmonTmﬂeagz 15 %eseridol 9}%% Iaﬁmwﬁéfl(z@)g Qfad&léatcﬁéﬁlzl&ﬂ’inqiemfcﬁl%%@”
phosphate is added drop w se. IS heated to 65C over 1.5

hours and héthfl@rOf25%c&}rterPHthde (ﬁ)g)emd WFWE(Sr@sidﬂqdl digp e oesmiP siimescont ai ns
pol ymeri ¢ %f I %dﬁ%&%gr%rﬁha%% kbl 13091:%5@? hSmaﬁ"@ ‘Pc% fg(fag TR4 gafyde shell
encapsula 1

ng a nean trc m crons. The
parti dbes o@efrmghmo amSlfbxaipﬁthXMI)T 16 hours. yAﬂaﬂfreomlhgmndipHmdﬂehhaatizbnhbd f are

filtered to a we cak of , 80. 7.5 ry,w.). e wet cake .i.s then
e suspentBtoT e Fe G R bt P984 3 gyl BR TSk Ry e BURCrRRVEY Th

50-42) ( 6 ifthrpdfitbdsimlagfdrie phiat ﬁnﬁﬁﬁmptambvicre@%meboﬁﬁl 4pSechiaxie Withg dr op
w se additions of alum numsulfate TG 8. 3% (60g) over .gLZ m nutes, 10 v/v%

sul furic &ogembqdiuenypf Gy apventPony nutes, and a mixture of urea (2 g),
resorcinol (1.5 g), and water (20 2 mnutes. Then a m xture of 25%
gl ut eral dehyde (5 g) and water (5 g) are added drop wise very slowy over
20 m nates to PrxeawdEalAdg@gpeagdtusmg a sdladon & sséiamsdlfadgdowdoi2 gfdissolrad (n2 g)

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 can be readily
incorporated into a marine paint formulation to provide a marine coating in accordance with
one embodiment of the invention.
25 EXAMPLE 8
Dual encapsulation with Gelatin/Gum Arabic as
the first shell and melamine resin as the second wall
In a 1000 ml beaker fitted with an Tka-Works mixer and 4-blade turbine impellor,
dissolve 6 grams 300 bloom gelatin and 6 grams spray dried gum arabic in 240 ml deionized
30  water. Start mixing at room temperature, again and heat to 80° C with stirring.
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 DCOIT to 50-60° C to melt. Transfer the Gelatin/Gum Arabic
solution to a warm blender jar and add the DCOIT melt. Emulsify slowly (~10 min) to



10 resorcinol (1.5 g), and water (20 g) is added over 12 m nutes followed by
a mxture of 25% gl uteral dehyde (5 g) and water (5 g) added drop w se over

12 minutes. Followed by a third addition of urea (2 g), resorcinol (1.5 @),
and water (20 g) is added over 12 minutes followed by a mxture of 25%

gl ut eral dehyde (5 g) and water (5 Q) aggled drop wi se over 12 mnutes. After

all additi te ture i ncrea 45C to 50C and hel d
TS over ni dHteE RIS st THPAG PTGk Srentior BR5GEP e PRk PTIRG " and o
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slowmy (-10 to 16 achieve the desired droplet 'size (10-40 m crons).
Tr ansf er gkointdytfHeeribe akdaddmg &y gramppenosit B R tn tl&rﬁlempalge apdslakingan . Using a

nggr 3\: grexv %nn&%&%@?ﬁ?%m}ﬁ ab r[lgl’beﬂ)é)wg]gr(lf)gagg?\{}g)x inpg’%lr efg, eWa;[ prrIXa\éng added

separ abi ovéhight. fTHid @syddasea fibvoflovdag povadet withkiags (drbpleg cgilies & wedisust t he
anount of 5 deionized water up or down to achieve this result. Begin slow

cool i ng t feMpaYYEHy adding a few ice cubes to the water bath. At 35 C,

the fluid pol yﬁ%c&lh%ﬁ ERBLL 8By Hﬁérﬁ{g%x@déEMrﬁa'M wetRiMdAke sl ow
cooling to 28 C. Check m croscopi cal 'y again to verif

is re-suspended in 25 grams of 3.75% EMA solution and 50 ml delomzed water Begin

heating to 50° C and while dripping in 3 grams Cymel 385 in 12 ml deionized water. At 50°
20 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.

EXAMPLE 9
25 Dual encapsulation with Gelatin/Gum Arabic as the first shell

and urea-resorcinol-formaldehyde polycondensate as the second wall
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.
30  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 DCOIT to 50-60° C to melt. Transfer the Gelatin/Gum Arabic

solution to a warm blender jar and add the DCOIT melt. Emulsify slowly (~10 min) to



the solution is nostly clear wwth a noticeable wall formation and little
free polynmer. Continue slow cooling to 25C. One shoul d observe a
substantial wall and no free polymer. Continue 10 cooling to 15 C, at which
time 10 granms of 25% gl uteral dehyde is added. After adding nore ice, stir
overnight, allowi ng the reaction to wajmto roomterrperature Decant 2 tines
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20  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

25 Multi-shell microcapsules comprising

polyurethane/polyurea, Gelatin/Gum Arabic and melamine resin-

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.

30  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 DCOIT 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

DCOIT solution. Emulsify slowly (~10 min) to achieve the desired droplet size (10-40



m croscopi cal ly. Continue slow cooling to 28 C. Check m croscopically again
to verify if the solution is nostly clear wwth a noticeable wall formation
and little free polynmer. Continue slow cooling to 25. One shoul d observe a
substantial wall and no free polymer. Continue 10 cooling to 15 C, at which
time 10 grams of 25% gl ut eral dehyde isj@added. After adding nore ice, stir
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20  and adjust the pH to 7.0 with 45% Potassmm Hydroxide solution. Filter, and wash with
deionized water. Spread out on a paper towel to dry. This results in a free flowing powder

with single (droplet) capsules as well as some aggregates.

EXAMPLE 11
25 Effect of DCOIT on polymer Tg
Several films of two test polymers were prepared by solvent casting. The films were

dried for various times at ambient temperature and 60° C. The Tg’s of the films were
measured by DSC, and on the same day the residual solvent was extracted from the films for
quantification via GC analysis. The percent solvent remaining and Tg after various drying

30 times and temperatures were determined for the test polymers. Residual solvent was found in
all of the films, causing the measuréd Tg’s to be lower than the expected Tg. Results are

shown in Table 1. Polymer 1 was Acryloid™ B-72 polymer (Rohm and Haas Company) cast



5 result. Begin slow cooling the beaker by adding a fewice cubes to the
water bath. At 35 C, the fluid polyner phase should be observed

m croscopically. Continue slow cooling to 28 C. Check nmicroscopically again
to verify if the solution is nostly clear with a noticeable wall formation
and little free pol ynmer. Continue slowcooling to 25C. One shoul d observe a
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|. Polymer | was Acryl oi dTM B-72 pol yner (Rohm and Haas Conpany) cast 19
fromtoluene and Pol yner 2 was VinyliteTAlL VYHH pol yner cast from nethyl
i sobutyl ketone. Table | Residual Solvent and Tg* of Polyner Filns




5 Drying Time/ Polynmer 1 (Tg = 40 C) Polyner 2 (Tg = 72 C) Tenperature %
Toluene Tg C % MRK Tg C | day anbient 10.4 -3.0 14.6 9.4 1 da 60 C 6.3 9.7
9.3 29.5 2 days 60 C 4.3 20.8 8.6 34.9 7 days 60 C 2.9 29.5 7.0 39.9 14
days 60 C 1.9 33.6 6.2 42.4 21 days 60 C1.6 34.4 5.5 47.9 6 wks anbi ent
6.9 11.1 9.0 31.5 * Tg reported is the nflection point of transition range.
Heating rate was 20 C per m nute. %¢|es of filnms of the two test

pol ymers containing DCO T at various | evel s were prepared by sol vent
casting. After a period of drying atapRitgnt tenperature, the Tg, %residual

10 solvent | _and % DRphiGsivGf Fuiipeshiafiind RELA b RBiaulfyigieul ts are shown in

Table I1. Tabte ]P' o\ |1¥s s—of al

Sol vent P 1 P T. uene % TT BK % Ii)C(('J

1.6 5.4 9. MO%‘WP 9 Siy {O %l:) a/{i‘%%o go : d 1 3.5
12.7 0.4 2.98%.7]26.386 0.5 21.?4-0.6 0.7928.9 21.9.6 The rrea3s4u1fed Tg val ues
in Table H refdect a décrease i13.5Tg dye t@.IDCAO|T andito fesi d4d sqgl vent.
In order tjo g able tg3quantitate the jeffect of] DCQ.J on|a patyner flilm the
sol vent dffecy was subjracied @uf . Fdr each Timggptarning JEOT and

resi dual OH()egn t ”921'23 expeCtda@Tf e onl ¥3G0mt rrreaZIS§)1 ve t was

cal cul at ea—fr6man——eguat+on—obtatrned—+Fr om-the—Hnear——regresston—of—sol vent
vs. Tg curve. The nmeasured Tg was then subtracted fromthe 10 expected,

sol vent orthy med@irddOrgiiatifes HEDILRES refibct hlecba8 GET o th ®AME apd esRslel of DCO T.
This difference was then subtracted fromthe I ntercept (of Tg vs sol vent
line) to gq)lv@lt alncqderde begble tpgq_uantxtate the effect of DCOIT on a polymer film, the solvent

effect was subtracted out. For each film containing DCOIT and residual solvent, the Tg

1%

expected if the film only contained solvent was calculated from an equation obtained from the
linear regression of solvent vs. Tg curve. The measured Tg was then subtracted from the

10  expected, solvent only, Tg to give degrees of Tg change due to the presence of DCOIT. This
difference was then subtracted from the intercept (of Tg vs solvent line) to give a corrected
Tg.

EXAMPLE 12
Leaching of DCOIT from polymer films

15 Three marine antifoulant paints (ablative type)were prepared with different weight
percents of free and encapsulated DCOIT active based on formulation weight. The paints
contained (1) 2.0% free DCOIT, (2) 0.25% free DCOIT blended with 1.75% encapsulated
DCOIT made with the process of Example 2 except that no PVA was added as a dopant, a
lower cure tempei:ature was used, the microcapsule had a thicker shell wall, and lower salt

20  level (potassium dihydrogen phosphate) was used, and (3) 2.0% encapsulated DCOIT made
with similar modifications. The paints were applied to polycarbonate test cylinders (with
approximately 6.4 cm outer diameter) to give paint film surface areas of 200 cm” and
minimum dry film thicknesses of 100 um. After drying, the painted surfaces of the cylinders
were submerged into a holding tank of synthetic seawater. After the indicated time period, the

25  painted surfaces of the test cylinders were removed from the holding tank and submerged into
individual measuring containers containing 1500 mL of fresh synthetic seawater and rotated
at 60 r/min for 60 minutes. After the 60 minutes, the cylinders were returned to the holding

tank. HPLC was used to measure the concentration of DCOIT in the seawater in the



EXAMPLE 12 Leaching of DCO T from polymer films 15 Three marine antifoul ant
paints (ablative type)were prepared with different weight percents of free
and encapsul ated DCO T active based on formul ati on wei ght. The paints
contained (1) 2.0%free DCOT, (2) 0.25%free DCOT blended with 1.75%
encapsulated DCOT made with the process of Exanple 2 except that no PVA
was added as a dopant, a |ower cure t erature was used, ,the mcrocapsule

had a t hi Bleawurngsegntaingss and useito|calgalatedhy rated DCOFE leaghyn ag/smiida ifieyrdthe gen
phosphat e),.na&| Uﬁﬁfgcesaﬁlﬁie £Rts 2reB% orﬁag?@sul ated DCOT nmade wth simlar
nodi fi cations. e paints were applied to polycarbonate test cylinders (with
approxi mately 6.4 cmouter dianeter)Tede I ve pai nt fil m surface areas of 200
cn2 and m pi-rdm-gey—H-mthi-eknresses—eH—160 &) A-Rreg—Hhe—pai nt ed
surfaces of |{the cylinders were subnmerged intp QQHTJ% ate\[ug lof synt hetic
seawater. Afjter the indicated tinme periad, t ecms d surfaces|of the
test cylinde¢sammee rempved from the holldiday k &8 ncB sdbnbrdedMl nt{o
i ndi vi dual feasuring containers containijng 1500 nL|of frlesh synthetic
seawat er av\g rotated at 60 r/mn for 60 m nufes. ter [the 60 m nutes, the
cylinders Wehgey (gl 4fa®doi® the hol ding |tank.| HPElwag sUsedgto gggasure the
concentratign of DCO T I n the Seawater i|n The| 3} g MEgHari Rgg¢ongpagners and
used to cal ¢urate the Tate of DCO'T Teaq {1 N FeF¥ &) 15aM [iRe | pai nt
filmsurfacgs. The results are in Tabie W Tapte (I DCUT teach rate (gg /
cn x da sa?rp € day 0.97 3 7 14 Z U%Ta.l.) ree DCOT[27-54 7-271.8 0.252
02

24.84 6.66 1. 26, 93 1.53 0.216 0]25% firee DO T+|1. 75%
encapsul at ey . ’?egcéﬁqd ézi‘z""ia"fé'ééﬁ 054 2.16,0,522.0.576,0. 18, lavg. 2.25
T Fad fa)

8 42]?% 8 ggi T::I)g 20% EﬂbapST'n ated—bceHT—6—+% UZHB‘ :76)5{{ uoléef : \6.10 8 0. 864
' ' oo avg. 225| 0432)0.882] 0.036
2.0% encapsulated DCOIT 0.486 | 0.396 | 0.072 0.018
0.864 | 0.216 | 0.054 0.018
avg. 0.675] 0.306 | 0.063 0.018
5 These data demonstrate that blending of microencapsulated DCOIT with free DCOIT

can be used to fine tune the overall flux of biocide from the paint film.



avg. 0.675 0.306 0.063 0.018 5 These data denonstrate that bl endi ng of

m croencapsul ated DCOT with free DCOT _can be used to fine tune the
overall flux of biocide fromthe paint febm 22 W claim 1. A coati ng
conmposi tion conprising: a. a mcroencapsul ated biocide conprising an

i sothia Io e biocide or antifouling agent as a core material encapsul ated
in a wal Mrial that is essentially inpernmeable to xylene and from which
wat er can | each the biocide fromthe wall material; b. free isothiazol one

bi ocide or antifouling agent; <c¢. a filmform ng polyner or binder; and d.
one or fiore dotoatingscompesiédmcemerisibgcent rati on of free isothiazol one

bi oci de or antlfoull s from.0. 25 rce i t he

conpost &1 mctsreapaiRiEERridssamPRag 20 el eB e fiteitBid Hyifiuhdagent as
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conpr i s@sd4rosn wihithl waterzan-leacly thespioridei fsamthenalilanatergl. The coating

conposi n of .claiml wherein t f.ree i spthiazol one biocide conprises
4, 5-di cht &?8 's?tﬁ'aéeﬁ?fs bé?%ﬁﬁ’ orgg?%uégglagﬁﬁf) 4. The coating conposition of
claim 1 cvWaeirRifermiing poRymesert bifBe € @MAIr i ses two or nore mcroencapsul ated

bi oci des or antifouling agents. 5. The coati ng conposi tion of claim1l
wher ei ndt hﬂe@)bmﬁiglstoﬂ\(ﬁmt%onprl ses two or m)re free isothiazol ones biocides

tifoul ti t - Y
i or oentiisein drE AoBkSuraliort ey PMISETBRE blorTle & TRIORIBEafhS fom 02801 i ng
agent a%eréén‘f%ﬁtv@@h%f EHe %F@&Hbﬁttﬂﬂtd @ c@n&@itkatrmttﬂét abed hat réd%ce the glass
essential ly inperneab ene fromwh wat er can | each the

bi oci detnanawpnh@nnaratumofetheaﬂlm formingerolyroet by medhen Bi06&i.de or antifouling
agent; c¢. a filmform ng polyner or binder; and d one or nore solvents;
wherein the concentration of free isothi azol one biocide or antifouling agent
is from 0225 TiReES#AHg coMpySitihlof efairhewBeranefid idtoeHBapsulRe@ VG T at i on

that does not result 1n an
comprises 4,5-dichlioro-2-n-octyl-3(2H)-isothiazolone.

3. The coating composition of claim 1 wherein the free isothiazolone biocide comprises

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

4. The coating composition of claim 1 wherein the composition comprises two or more

microencapsulated biocides or antifouling agents.

5. The coating composition of claim 1 wherein the composition comprises two or more

free isothiazolones biocides or antifouling agents.

6. A coating composition comprising:
a. a microencapsulated biocide comprising an isothiazolone biocide or antifouling agent as
a core material encapsulated in a wall material that is essentially impermeable to xylene
and from which water can leach the biocide from the wall material;
b. free isothiazolone biocide or antifouling agent;
¢. a film forming polymer or binder; and
d one or more solvents;
wherein the concentration of free isothiazolone biocide or antifouling agent is from 0.25
percent, by weight of the composition, up to a concentration that does not resuit in an

increase in drying time of the composition.



increase in drying tinme of the conposition. 23 7. The coating conposition
of claim®6 wherein the m croencapsul at ed ElOClde conpri ses
4,5-dichIoro-2-n-octyI-3(2FD-isothiazolo% 8. The coating conposition of
claim6 wherein the free isothiazol one biocide conprises 4,5-d ich

| oro-2-n-octyl-3(2H)-isoth iazolone. 9. The coating conposition of claim®6
wherein the conposition conprises two or nore mcroencapsul ated bi oci des or

antifouling M@atm@cborﬂb@smmbf 6I9|rﬁ®fWI$§r1e1in e wicreémtapsulabe biddidd he
conposi tion conprises two or free isothiazol ones biocides or
anti foupomgngg@ﬁt%dlchloro -2-n- octyl 3(2H) -isothiazolone.

8. The coating composition of claim 6 wherein the free isothiazolone biocide comprises
4 5-dichloro-2-n-octyl-3(2H)-isothiazolone.

9. The coating composition of claim 6 wherein the composition comprises two or more

microencapsulated biocides or antifouling agents.

10. The coating composition of claim 6 wherein the composition comprises two or more

free isothiazolones biocides or antifouling agents.





