BLENDS OF ENCAPSULATED BI OCI 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 ("DCAO 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 wusing the free biocides and encapsulated DCO T in
mari ne antifouling coatings and paints. Marine coating and paint
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bi nders used in the paint. Such | )
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



2 plasticization often results in an increase in the drying tinme of the
antifoul ant paint. These properties have |ed paint manufacturers desiring
to add DCOT to marine paints to consider encapsulating the DCOT to reduce
| eaching and the effect on Tg and/or drying tine. Because xylene is a
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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
material;

b. free isothiazolone biocide or antifouling agent;



material; b. free isothiazolone biocide or antifouling agent; 3 c. a film
formng polyner; and d one or nore solvents; wherein the concentration of
free isothiazol one biocide or antifouling agent is from 0.25 percent, by
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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



30 perneable to water. To achieve a good rel ease rate of the

m croencapsul ated DCO T, the shell nmaterials should be inherently
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anount of Raf tov@hddypreferably less than 5% of DCOIT is released at 45°C over 90 days. Ina
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 § parts by weight partially hydrolyzed
PVA and about 20 to 30 parts pheﬁolic resin. The encapsulation procedure for making these
microcapsules 1s 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 is mixed



hydrol yzed PVA that is incorporated in the wall. In one enbodi nent, the PVA
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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, diisobuty! 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



the invention, the DCOT is mxed with a partially water m sci bl e sol vent.
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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 in scawater.

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



shell and a second shell of ME or a URF condensation polyner (Exanples 8 and
9). 25 Regarding the dual wall systens, the M- provides significant
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20  about 40 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.
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DCOIT in the dry film. In one embodiment, the free DCOIT 1s'added in an amount of from

fromthe
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 i1s 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,
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a s %str %Qﬂ‘i@nsaoq‘?%l;' TVinol™ 540 and Vinol™ 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  to a l-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  of a 10 % sulfuric acid solution over a 5-minute period. The slurry is warmed to 45°C and
after about one hour a solution of 4 g of urea, 6 g of resorcinol, 50 g of water and 20 ml of

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



solutions of PVA, (Vinol TM 540 and Vi nol TM 125 both manufactured by A r
Products) and 300 grans of water. The aqueous phase is heated to 40C. 20
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20  DCOIT dropiets 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 emuision. 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 S0°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 of a 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 1s
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.
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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 wisé very slowly over 20 minutes to prevent aggregation. Then a second addition

25  ofurea (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



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 polynmeric particles each
conprising a polyneric shell encapsulating the DCOT having a nean particle
size of 19 mcrons. 20 The particles of,encapsulated DCOT are then

subjected to a secoqdary treatnent at 5%15 dr.op wise additions of
BSIPOBEY

i nvol vin
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g) over 1Z2:43tdaHdcRith delndolimehtbR@hdhvai6a (2 g), resorcinol (1.5 g), and
water (20 g) over 12 mnutes. Then a m xture of 25% gl uteral dehyde (5 g) and

water (5 g) are added drop wi se VEXAMBLFMBE over 20 ninutes to prevent

aggr egat i on. Tgfﬁ?;ge gfggﬂgﬂea?eq%isi%gg@olaﬁonocffs?(gﬁﬁs %aé& c;wcéa??%)%é@&'veéi .5 9),
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to cure foRre aphndgReniat e yivesiours. After cooling and pH neutralization the
m crocapsul es are filtered and dri pRiQduce a fine free flow ng powder

12 that can be readily incorporated into a marine paint fornmulation to
provi d@ a marine coatPwadenoapsuiation prdaess evithiatfistanterfasidb oahiswlent of t he

i nvention. EXAMPLE.3 a e 3A ] epeat ed. usi.n ol utj on of sodium
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encapsul ation process with a first interfacial capsulée wall of acrylic
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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



!

cont ai ni ng PVA (El vanol TM 50-42) (6 g) and (El vanol TM 71-30) (6 g) using a
waring 1 liter blender for 8 mnutes until a stable emulsion is forned. The
emulsion 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 held at 90C for 1.5 hours
20 after nitrogen renoval before bei ngd:ool ed down to 40C. The resulting

enul si on cont ai ns 0 ric,particles ch.c rising. a polyneric shell
encapsul attgPn sl SR B b0 e e PR A ERERh I G ReBRTFS 1S SThe
parti cl es fitfered a6disedl tapRduddG@nl pte:t tHaetunbdhb¢@ay @dodporated 16 @At yaiht eat ment
at 40C involving drop wi se addition of a mxture of urea (3 g), resorcinol
(7.5 g), APEMWRLPR fo Rravide,3 matjas cogngin aepogdanceryithyong %ﬂoéweahofdge WY sul fat e
25 powder (1.5 g) and water (22.5 gikAdnppfded drop wise over 10 mi nutes.
Then a 37% sol ution of formal dehyde (22.5 m) is added drop w se over 10

m nutes. After a IBahwvadlmerdrepsdleatompr@g ahOnterfacial Sindt fvallimgthdled d i s added drop
W se over 6 m nutes. Thet. bat.ch is {,her] Sti rr?d and %Ieﬁwgy heated to 45C
over 1 hour. Then a s&CSHE A&aFeraic Bivizocadial # Swort P& (3 g),  resorcinol
(4.5 g), water (37.5 PyA-ara-re3dinbbfomahidetyde &ofdensatibn pblsmei vi ded in hal f and
added 30 over 12 mnutes followed by the second half after a 15 m nute hold
at 45C. The baf*&fntrgal nbassis Reparsddy mitpedegsiiey melish REOTLO8adatwver 1 hour. A

third addighops i oP58and 5H°Q) with B&RHoRhARl 75( fba§e1§’¥l10 HBTRE infedfal phadd isand 37%
formal dehyde (15 ml) 1s added over 12 mnutes. After all additions are nade

t he t dfpehamugaized intmurenSed gf coomnd8PY 4 (BR@ AT Shd?)d4 @y exdiiEdanof™7bure 13
for approxi,ately 16 hours.. Afte oql,i ng and .pH tralizatjon

i G obapedPLE o piine § Pk L kls®ier RO BB AR BB Ped afrecan be
readi |y i reatsporigihes tramidfedred i@ il Micer pedket with ovdihdad bliing hed faemointteraThar i ne
coating in accordance with one enbodi nent of the .invention. EXAVPLE 5 5 Dual
wal | m cré’efa_ﬁwfl e_emﬁﬁos?ﬁag s Spimre Fapae gt Yoy 408 P HE © Feact | on
of an ar onBdddGrfPl e SPENARRLEtherPhelE S 0EC $A&@hightOf The resulting emulsion contains _
PVA- ur ea-resor ci nol - f or mal dehyde condensation pol ymer An internal phase is

preparléd PYIymicKE pticlereeihermnising @polery pelyoreg)shelt ensapsplatipgetha DHATof - ar ound
nombgeni 26a TRt 8 meero 5y ety keSS of SR ERRIIREIT A0 ) ana
(El vanol Thubjdcted30) s¢obnddry tsitmentat AMACiim@lving drop widsl addiden of omixt@e nf wat es unt i |
L1 ter bOARLIGPRT 61 8F REREUTY PTG e plse: T b EOTREHEh ol hen
heat ed t 0 po@ferand) andsaliert(i Dg) iOddded db Rideasier 6lindiitdse Théh H3IB) salpgbrveat er (10 g)
'S 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



added drop wi se. The batch is then held at 50C overnight . The resulting
emul si on contains 15 polyneric particles each conprising a polyneric poly
urea shell encapsulating the DCOT having a nean particle size of 16

m crons. The particles of encapsulated DCOT are then subjected to a
secondary treatnent at 40C involving drop wise addition of a m xture of urea
(2 g), resorcinol (5 g), and wat er (30‘9) over 12 m nutes. Then a solution

of sodi um sulf 0 e over
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128 of 100ALRAT HCTUS DAL PSRl BISARHLALE PR gy are then

divided in fraction I's su secondary
t r eat ment cadling 26d pin viel tialifdgiofl themivtosapsaldslart Iﬁhéred)ﬁndadned to produce a fine free

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 PV A- 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



m xture of urea (3 g), resorcinol (3 g), and water (30 g) over 10 m nutes.
Then a 37% solution of formal dehyde (18 nml) is added drop w se over 7

m nutes. After a 10-mnute hold at 45C, 10 v/v%sul furic acid (10 m) is
added drop wi se over 5 minutes. The batch is then 15 stirred at 45 C over |
hour. Then a second addition of a solution of urea (3 g), resorcinol (7 gq),
water (30 g) and 37%forrra| dehyde (25 ) is di vi ded in half and added over
12 m nut eg uf 10ncov¥el (}i erlc ? 2\ % T1C a nmt ormal t 45C. The
batch is ERERLCPTFEYPENY sqagvﬁ%?eﬁc ctoglgn%ggg YRS gy ST en heated to
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i nvention. A M- shel | capsul es re-encapsul ated with
ur ea- r 2soPYAnEIvagdlit SOai2deshs)dad prbjeptedito a gagondancirsatenp iaSEC !IB'OBFI@MPEd by
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et hyl ene (ﬂa}lge)|oczeraahxyxduitbs;ienct@mmmaﬁfuﬁmtzg)j mmraﬁd alzlg)%dgvam‘r (mag)emmm ng a
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Cytec is agderwipovet @@mhduze% td PRVt 2dallon. THeh 8kecdR®itditlon JTuRM|EE), the

agitation is reduced and - 50 urn droplets are forned. The 30 errulsmn IS
t hen 29 anssercmel (1.hebard watpﬁ @ep @eé«f@érovw 1t2r1m@vfe$ follayedshy 4 mixtyge ghtp’o

t her momet Efuteralg%gge g rgégrﬁ Rk (5%,2 L&Heg | e Sl henmﬁ]gteésmwweg@gx%agen

phosphate”i's a ated to over
hour s andadditiech dfareasq2 gbmsomchwh (tbe), enld wmhe(m(g};ulaﬂderdg)v%n meinuies foblnowednt ai ns
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particles A@fer aleqidapasihranede %Qrifpesdmteﬁswnaéﬁed ﬁeﬂﬂ @ty iomdCcandhdial f are
filtered to a wet cake of 80.51 % (127.5 Vﬁ]% The wet cake is then
r e- sudpenQuamiEht to opre for spRrogmajigdy b hqusss Afler ce%wgap pH gewrapeatiop they anol T™

50-42) (GnQQro&BQﬂe%lb?d £ &farldQUridd RAFORAES Yint FEAHSVRAL példef Bfat Eanehrduidg dr op

w se additions of alum numsulfate TG 8. 3% (60g) over 12 minutes, 10 v/v%
sul furic &epuorafedntgp mayae paipt fermulateon to aredidg amaxing eeatipg ingceerdyipe g?th

r esor ci n%ﬁé%%@oggkeng@ﬂ‘ﬂem&ﬁfon(zo g) over 12 mnutes. Then a m xture of 25%

gl ut eral de and (5 g) are added drop wise very slowy over
20 mnutes to prevent aggregati on EXAMPIEE%Bcond addl tion of urea (2 g), 10

%e)S(? L ng:c 2 50/gxa%ple Xl?s r\évgéa%rd using agglungn um sul?ate powder rh ecfS sscf)lgcla Qued by a

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



gl ut eral dehyde (5 g) and water (5 g) added drop wi se over 12 m nutes.

Foll owed by a third addition of urea (2 g), resorcinol (1.5 g), and water
(20 g) is added over 12 mnutes followed by a m xture of 25% gl uteral dehyde
(5 g and water (5 g) added drop wi se over 12 mnutes. After all additions
are made the terrperature is increased from45C to 50C and held 15 overni ght

to cure for approximately 16 hours. Aft®r coaling and pH neutralization the
m crocaps GP@%VeéP%deﬂert‘EP@E\‘ sizad i) wiprens)- p?%‘&?@’é@a tp ithebepkeg@ixqroni ng powder

that can l%lﬁpa"rﬁﬁ’s%'aﬂ emb@%d?%@t ‘Eﬁmﬁ'atsé’pa?at&?%ﬁa %‘uf‘hsfngx%th?(tsb%w &p pr ovi de
a marine coatlr\Eg in accordance wt one enbodi nent of the invention.
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mari ne paint formulation to I’OVI de coa ccordance with one

enbodi mente¥bfoe £ t%\tbemaf%ha 2@%&»«?&3@ ST esaglg%nq%f? ehveRxed h

Cel atin/ Gfm&rééc%PkEll}aSConhﬂf‘e ddw édohﬁ@ﬁiiv@ﬁd:lﬁai ﬁf&d@.@oﬂi@aﬂy@ As td-Ransgecond wal |
i
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beaker-m xer apparatus in an enpty water bath. Using a separatory funnel,
about 175 thit peialrtm filsorgendaddingdisampmederast @ﬂ%@e&”ﬂt@e@amrﬁegsw@e inTheck with

a m Crosc%ﬁ &8ut9%§§1%¥cﬁmb! Q4 9rle é)‘aw}}\% is ‘?ox?? un{o‘»\%;‘togieael o‘JHUI d phase

that partia wraps the ‘drople i zed water up
or dowA tovarnighemmhmted ESiJﬂrtte fldseng pb“sieowmtlmmogle Odyopléxg cdpealkess woll aaddi ng a
fewice cubes to the water bath. At 35 C, the fluid polyner phase should be
obser ved ??H‘%?%%%%EM ly. Continue slow cooling to 28 C. Check

m croscopi cal | % sagaidvall@ayBd addyd by filtdring tiealvieideshnted sIRS! IThe GleCfilter\bhken a
noticeable wall formation and little free polyner. Continue
1s re-suspended in 25 grams of 3.75% EMA solution and 50 ml deionized water. Begin
heating to 50° C and while dripping in 3 grams Cymel 385 in 12 ml deionized water. At 50°
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 Tka-Works mixer and 4-blade turbine impelior,
dissolve 6 grams 300 bloom gelatin and 6 grams spray dried gum arabic in 240 ml dejonized
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



sl ow cooling to 25C. One shoul d observe a substantial wall and no free

pol ymer. Continue 10 cooling to 15 C, at which tine 10 grans of 25%

gl ut eral dehyde is added. After adding nore ice, stir overnight, allow ng

the reaction to warmto roomtenperature. Decant 2 tinmes by letting
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to VerZIOf y }Ilefn 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 mi 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



the solution is nostly clear wwth a noticeable wall formation and little
free polynmer. Continue slow cooling to 25. One shoul d observe a substanti al
wal | and no free polymer. Continue 10 cooling to 15 C, at which tine 10
grans of 25% gl ut eral dehyde is added. After adding nore ice, stir
overnight, allowing the reaction to warmto roomtenperature. Decant 2 tines
by letting capsules settle and rinsinggwith 300 ml deionized water.
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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 measured Tg’s to be lower than the expected Tg. Results are

shown in Table I. Polymer 1 was Acryloid™ B-72 polymer (Rohm and Haas Company) cast
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free polynmer. Continue cooling to 15 C, at which tinme 10 grans of 10 25%
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anal ysis. The percent solvent remaining and Tg after various drying 30 tines
and t enpeh aerigs of filnesrof tipetvertest papmérs cortdining E5I01p ot yamepsleveRewerd pegpargol vent was
found in | f the fi causi,ng th [ Tq' r than the
expect ed bﬁfgs?iv gtscﬁ%tfng ﬁ‘régpgg%né)\%ﬁ?fl a%?rélg'l%%s%gﬁéé%rr%’ ti‘e\t/fvgs%%csi@ oi dTM B- 72
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Sol vent and Tg* of Polynmer Filnms 5
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Drying Tine/ Polymer 1 (Tg = 40 C) Polymer 2 (Tg = 72 C) . Tenperature %
Toluene Tg C % MBK Tg ('C | da anbient 10.4 -3.0 14.6 9.4 1 day 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 C 1.6 34.4 5.5 47.9 6 wks
anbient 6.9 11.1 9.0 31.5 * Tg reported is the inflection point of
transition range. Heating rate was 20 per mnute. A series of filns of
the two test polyners containing DCO T at various |evels were prepared by
sol vent casting. After a period of drying at anbient tenperature, the Tg, %
residual 10 solvent, and % DCO T wer @apredpured in the filns. The results are

shown in Table R 2@nai}sibbEFilhs GoalaiinSRAL287 dndR&iAALESINeng RH 287 and
Resi dual JoT vent  Polppikherly POTYNer 21% Tol uene ™% eF 210 C % M BK]% DCAO T

TC 80 18 Buferd bulpobf 4rgfed 4 4 A ngific! Sodptft 5.9 839 61 8.8
29. 1 3. 5 P ' . . T O T U A U ‘9 U U T J. o L. J J TI1TC rreasurEd
Tg val ues lin"Fable Yefl glet—a-decredse ¢ Tg : O T aifd to desi dual
sol vent. lln_otderlto BE ablle to3r|§nan'r ilt at -k he effert of IDCO¥E SN a pol yrer

film the |[sold®nt| eff8ct was subtractied &ult. For eh&h fil m cthtainilng DCOT
and residual %l vent,12he Tig eXpected if 2%he flil mi6dly ¢ont aléed sal vent
was cal cullat eds fr pm ag1.2quat i on-@t ai ed forom thhe 2Bioneal regriessi on of
solvent vs. Tg curve. The neasured Tg was then subtracted fromthe 10
expected, solvent only, Tg to give degrees of Tg change due to the presence

of DCOPT. ThhmsasugrdiFeevatuse e Table H reflact sudserease inelis duegmDhiTiand trregigual (of Tg vs
sol vent 1i,08)n:t 8§ &hdGo Be KL {oql(ﬁtmﬁgate Qb OMBEBIE 8n a polymer film, the solvent

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

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 tempefature 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
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Leaching of DCOT from polynmer filnms 15 Three marine anti.foul ant paints

(abl ative type)were prepared with different weight percents of free and
encapsul ated DCO T active based on fornul ati on weight. The paints contained
(1) 2.0%free DCOT, (2) 0.25%free DCOT blended with 1.75% encapsul at ed
DCOT made with the process of Exanple 2 except that no PVA was added as a
dopant, a |ower cure tenperature was sed the m crocapsul e had a thicker

shell wall, and Io r salt 20 ot as ogen hat was
used, andmfzﬂmagwaé%saﬁé&ﬁ%%aﬁa@ﬁﬁf TR G DB
pai nts wepfnteff suffiel. OTIROkN IS bRAATLKe tIESt Ccylinders (with approxinately 6.4
cmouter dianeter) to give paint filmsurface areas of 200 cn2 and m ni num
dry filmthicknesses of 100 m After ‘Ehleymng, t he painted surfaces of the

cylinders yere subnmerged into a nol ding tank ooy iRkt Ggavat er - After
the indicated tinme period, the 25 painted surgéﬁ,pg( ﬂeia he @gt cyI nder s

were renmoved_fromthe hol ding tank and st Tl"'r’gﬁ\g7i rn u' . asuring
contai ners ¢ |J\g 1500 . of fresh gv Nt P s Q\I\l‘nf r :\ rotated at 60

r/fmn for 6Q rrinutpc_ After the 60 m mn‘{nq, thhe cylindens were retjurned to
the hol ding| tank. HPLC was used to neasure tlhe copcentration of DCOT in

t he seawat er 20% (a.1)dreB DCOITeasuri ng _cont aijner s |aRd5used7€¢9 chs cubas2| the rate
of DCOT leach (in p.g/cnP/day) fromthe pailnl4B4| méSbnf dees. The) results
are in Table 11l. Table |Il DCOT |leach|red.e [ 649 | cBB3X ¢aYy)] 0#hpl e day
0.97 37 14| 2. 0% a.i. free DCOT 27.547.2 8 0.P52 24 .84/6.66 [1.26 0.18
av 26.19 6.93 1.53 0.216 0.25%free DCQ T + (1. 75% encapsul at ed O T 2. 34
0.342 1. 188|028k free BcAif +Q.75%2néhpSuibted. 018 avl. . 2125 0,432 0.882 D. 036 2. 0%
encapsul at eddDQD T 0.486 0.396 0.072 0.018 0. 8844 0.R%6 [0.1654 00648 av .

3<L

0.675 0.306{0.063 0.018 216 | 0.522]0576| 0.018
avg. 225 0.432]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.



5 These data denonstrate that bl ending of mcroencapsulated DCOT with free
DCOT can be used to fine tune the overall flux of biocide fromthe paint
film 22 W claim 1. A coating conposition conprising: a. a

m cr oencapsul at ed bi oci de conprising an isothiazol one biocide or antifouling
agent as a core material encapsulated in a wall material that is
essentially inperneable to 5 xyl ene and2from whi ch water can | each the

bi oci de frWeckhe wal |l naterial; . free isothiazol one biocide or

antifouli Q! I ng polynmer or binder; and d one or nore
sol vent s; b+ %r g?‘nngtcﬁgp%gﬁ\dé}eﬁn Bgl|H%n of free isothiazol one bi ocide or

anti f oul i ng agemiciognchpsohated. bﬁﬁmdel:@mpésimgmisotbiyzwleieghd)cidrfortahﬁocldngmgsritti on, up

to a concentration that .doe t educ t he ass transition t erature of
e s It or i 5 Bt giierepcrmnae R Seicrs B heestenB Rt ERIER R | on- of

cl ai m Is wher ei Ryfeh€ard fFonPRRERPa %@&c@k@%&ﬁie@ﬂﬁﬁ)ﬂb%ﬂ material;
4, 5-di chl or o- 2- n octyl-3(2H)-isothiazolone. 3. The coating conposition of

cl ai m 1 wher &i free isethfazeleng kiogit efAptignkngneset de conpri ses 4,5- 15
di chl or 0- 2- n; ogteyl - %&@p&ﬁ%%&%@r%ﬂ 4 The coating conposition of claiml
tro

wherein the conp05| conprises tiMo or nmore mcroencapsul ated bioci des or
anti fouling agen¢s1n5ESmh@n$oat|ng xonposition of claim1l wherein the
conposi tion conprises othlaz bi oci.des qr

ot foul i ng SOTRRE Spicifoiin SREF sphiiupneRbre S 1R i Ry Has

m croercapsul atpeder) Woidght 6OMP komipddPiod up ts@tchn@métmehabu@é:slndefemrcealm| foul i ng
agent as a core material encapsulated in material that is

essential |y i msEshigamsitign fegpetapirepighe fgp forramgmﬁlyewr amere ha?d “Cach t he

bi oci de frpmrﬁ@&)aﬁ\@é éonﬂ%&ﬁ&l & claifd-1 WHeREn t}é%&b@&%é&ﬁ%dﬁh&ﬁd&%nﬂﬁs@”“ foul i ng
agent; 25 c. a I'm form ng pol ymer or binder; and d one or nore solvents;

wherein the 6étd(15é\iﬂr¢ -Atorestyl 3 2H)rieashipzpdani azol one bi oci de or anti f ouI i ng agent
el S BRSO B ByERREERLL o
15 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 xomposition of claim 1 wherein the composition comprises two or more free
isothiazolones biocides or antifouling agents.
20 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;
25 c. 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 ﬁot result in an
increase in drying time of the composition.
30 7. The coating composition of claim 6 wherein the microencapsulated biocide comprises
4,5-dichloro-2-n—octyl-3(2H)—is;othiazolone.
8. The coating composition of claim 6 wherein the free isothiazolone biocide comprises 4,5-

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



30 7. The coating conposition of claim®6 wherein the m croencapsul at ed

bi oci de conprises 4,5-dichloro-2-n-octyl-3(2H)-isothiazolone. 8. The
coating conposition of claim6 wherein the free isothiazol one biocide
conprises 4,5- dichloro-2-n-octyl-3(2H)-isothiazolone. 23 9 The coating
conposition of claim®6 wherein the conposition conprises two or nore

m cr oencapsul at ed bi oci des or antifoul ppng agents. 10. The coati ng

Xonmposi ti on W c6AtigFbBpIREIYrRlali 8 WHeRROSEE EdrRibsRIORBShSRSs fwbrAordOr € free

i sot hi azol ones biocides or antifouling agents. 5
microencapsulated biocides or antifouling agents.

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

isothiazolones biocides or antifouling agents.





