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WD 2007/ 139645 PCT/ US2007/010124 | MMOBI LI ZED
I, 2- BENZI SOTHI AZOLI N- 3- ONE 5 BACKGROUND OF THE

wo bMENTI6@N Fi el d of the Invention The presentPCT/US2007/010124

i nvention provides novel antimcrobial inmobilized
1,2- 1o benzisothiazolin-3-one/zinc oxide conpl exes
useful as preservatives because of their resistance
to being.leached fromthe substrate to which they are
attached. This invention also provides substrates
havi ng anti m crobi al protection including those that
requi re high tenperatures in their processing such as,
but not restricted to, powder coatings, wood
conposites and plastics such as polyvinyl chloride
(PVC), 15 lowdensity polyethylene (LDPE), |owdensity
pol yet hyl ene foam plastisols and polyurethane
Description of the Related Ar naterlals t hat

come into coﬂM?%'Fﬁ%?&%N@‘%?EH ZAkIN-3-O

destructive attacks by a vari ety of m croorgani sns

consequent | y. ¢ hAACKERSYRESor e TREERTIBM 1 oot ve

and economi cal nmeans to protect such nmaterials from
such destructive attacks for Eend d periods of tine.
Comercial materials whitH clf§ﬁ§ ik fatl é‘HBl re such
protection include, for exanple, 25 plastics, wood,

\é\’gg,g o re? gél%tsﬁg g%ogng?résgfovic?esouﬁ?\& tﬂ'@%ﬁ,ﬁﬁcr?blgf immobilized 1,2-
perzisothiazglin-3-ooating oxider oompla@ase@bfuhpaer plaalssrvatuves because of
tﬁEf'? ééllstahé‘é e bEﬁEﬂQ?éﬂédoﬁém he 'éﬁgﬂ‘? J0 S WG tr{e‘?salré%ttached This

ucco, concret one esl| ves, cCcau
lgé@ntm also| pravisies, suksifiates: hevingsartimicsi@ mé@qi@nsmcludmg those

thaf urég hl(df‘mé?’ﬁbé’rla&re§ Bh thir NProB8ssing 3BEA G, tﬁﬁrl%gr%stncted to,

car pe , electrical insulation, 30 medi cal
W%’e%oat‘ﬁﬁﬁ W@W‘FW”“H%@M# plagficy éuﬁ'? é’tSeE‘?'VYi@Y' Ch'o"‘de (PVC),

I QDAE SRy abol?@ﬂh fdnel BLPRIN BUcherkiyt poigbinyRenat ks plasmsols and
|s1al desirable to inhibit the growth of
g'laé‘ﬁnl sns on the surface of the comerci al

materlals to, maintain hygienic conditions in, for

exanpl e, hospitals, De%cy\ﬁiégg/tﬂig%eﬁted Art

PCT/ US2007/ 010124 nurse seni or care
institutions, food processing facilities, airplanes,

trai "Wa )bména SQHQt ég}ﬁe nlntgecon%?:t %Vlﬁgh%fﬁu%i :—fPeﬁSeré % destructive

conpoun provi protection ag
attaoks dnganiasiety @f mlgros)cgarmmé lm@udlaglfuaglplveaa& iadgae, ang bacteria.

@FRLdduRRAty.OtHdrdl 524 | §1Bat need for an effective and economical means to
protect such materials from such destructive attacks for extended periods of time.
Commercial materials which usually require such protection include, for example,
plastics, wood, wood products, wood composites, plastic-wood composites, molded
blastics, building materials, paper, toys, coatings, protein-based materials, starch-
based compositions, inks, emulsions, resins, stucco, concrete, stone, wood
adhesives, caulking, sealants, leather, leather finishes, soap wrappers, packaging
materials, spin finishes, fabrics, cordage, carpet badkings, electrical insulation,
medical devices, and the like.

In addition to protecting commercial materials from such destructive attacks, it
is also desirable to inhibit the growth of microorganisms on the surface of the
commercial materials to maintain hygienic conditions in, for example, hospitals,
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5 concerning efficacy, other limtations include
conpound stability, physical properties, toxicological

W@e@filb®m¢s r egul at ory consi derations, econom ¢ PCT/US2007/010124

consi derations, and environmental concerns.

Antimcrobials that are suitable in many applications

may not be suitable in other applications. There is,
therefore, a need to devel op novel antim crobial
conpositions that will provide protection in a variety

of applications and to under a variety of conditions

to protect commercial materials from destructive

m croorgani sm attacks and i nhibit the growh of

m croorgani sms on the surface of the conmerci al

maseriesy|seniok carel @isfitutisad, faoti processinagfadilidies, airplanes, trains, buses,

i sothiazolin-3-one (BIT). BIT and its
gncfﬂ"kée‘[s‘%rubl e alkali nmetal salts, are often the

bi oci Nes snglehormtnigrabialancomeeid | Hroviges pagetestion dagainst  all
Inferd58ERRnL &r@/%tamecrfeblé# aw%étm ofmw@o@ﬁnob.aisdnmnanons

technical systens |1 ke mneral slurries
GRRASENHE @fﬁqu‘)mel"ﬁ‘t@“O%ﬁ nekuge %‘F%R?’e%tabﬁ% Phygical properties,

foleRlogidabe @rofli®r r@ﬁ@lﬁ'ﬁ&r? cHhsiBatdtiggs,” EbéHnloern@f Yodiderations, “and
M ¢r obi ci des for t

e S uicsrns, Brlvarsohebpre okeive thrarbappiicatons may
IS<&| bes s&lt@bléSﬂCb?flgén apylicklions) Mhets &, Sblérfe&lﬂ“éh auﬁeoam déevelop novel
e _coatings i ndustr ai.nts r ni shes .et

i EE T angienS e oS RsSe ot I Yansh g srpioations and
graafer preamtyaof venditiongprtot podtect bomme{thaalmatemblsl fotrhelestructive
Al b o 0] B 60y B i ot surtace o
thectnmwineraidinaategalswt h  after it has been applied to
the s d t

hﬁlﬁéﬁft Ssét# Efl@m%%b [E\Eé ’Igybérﬁ?s%l'tﬁﬁzcﬂW3%Ee ®FT). BIT and its

dri e coa Ited States patent no
watsssolutie @ikedl st salleli arg aften tenbiosiseniof Ahoige Whepme industrial

bactefciad \$AESIEBRH Frel@nithRi&Sihl édbﬂa%& e QaferRided tbéiHItal systems

infection by mcroorganisms. United States patent no.
Welwqyg@laqr@@; Bglggleﬁgfwlsnggq; inkSo PRIt HUCTS adhesnves and the like.

Ofdﬁ:jé‘)lzé?h PBEIW. \WHURS G&Mtlbhérybt@ﬁtl\ﬂkrdﬁoda%s dfoa:g tthtta Protection of
i ci.da n erti nite at es

W s RP- 6@“1% @gg %HF@%&? ?@él conposi ti ons

sui t aB!Eaﬁ@rts:’ébusmierma ﬁmﬁdnlyormmamﬂ $yeprhs slitioas iante coatings
]gtrgig%ﬁgt(;?% elgl\é%ﬁsl.r%gkea ])%faﬁr?cgilstalt aérrétﬁc’sedcﬁl%rs{ %)'(cggsively as “in
tar?- presenativés & ptatest3a tigeidi paistnwhite dehpaint i indbe, container before

%ﬁégﬁmﬁgla\ﬁ?ﬂ&aﬂoﬁg' é@?ls%cﬁt!fs%d&[é d)? lcpfhe éoaqzm# fzcgr% microbial growth

agueous

afterhnt inasagen @mpl@dztoubﬁzs@@trhteaalom BIB-readiiyt lgaches\out of the dried
5)[}(9]1191%645 PCT/ US2007/ 010124 Antim crobi al conpounds

that "are effective as filmpreservatives, such as

Pol yphl_ag_@q Siates; wgn:tgngf §@ﬁ$y1 Z%Q[syqosggra‘ggm a,2-benzisothiazolin-3-
BREPRS i dd MfudoBEBIedid foh@rétebdhe aqueous media from infection by

microorganisms. United States patent no. 4,150,026 discloses metal salt complexes
of 3-isothiazolones, which exhibit bactericidal, fungicidal, and algaecidal properties.
United States patent no. 4,188,376 discloses biocidal compositions suitable for
indirect food contact applications and in-can preservation of water-based paints
comprising a solution of an alkali metal salt of 1,2-benzisothiazolin-3-one in an
alcohol, glycol, or water solvent. United States patent no. 4,871,754 discloses the
use of aqueous formulations of the lithium salt of 1,2-benzisothiazolin-3-one to
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coating and can thereby continue to protect the
coating frommcrobial growth. Polyphase(r) is mainly

we@tdoeasdowe agai nst fungi and m | dew. Accordi ngPgT/UsIveT/€10124

is a5 need for an antibacterial filmpreservative

havi ng the toxicol ogical profile of BIT that w Il not

| ose its efficacy over tine due to evaporation or

| eaching. (See W Lindner in "Chem sch-physikalisches

Ver hal ten von Konservi.erungsmttel in

Beschi chtungsstof fen" (1998) Expert Veérlag, Bd 509, W
Lindner in "Directory of M crobi cides for the

Protection of Materials" (2005), W .Paul us (ed)

Springer). to SUMARY OF THE | NVENTI'ON The present

i nvemritmmcqmbmhmmpmmdsl thahtarei effesibival as dilrobpresepatives, such as

62| s:ggaqai§ fgﬂ'&l 80 |é%ﬂ§%1n‘?%<t% &&&A%ﬁ&?c%pam in the dried

Qoéiﬁhgt%ﬂﬁ ep terehy (contina) th RIRISch dhe  BRATNAY BOW, MipTEBIR! growth.

e i3t ef EMeﬁﬁsﬂm W@t infllevS AL&6rdingly, there is a
ﬁ’& cat%rgd I?ohﬁﬁﬂﬁ S {;re arL: r?g t he B?T/ ZnQ nay. her

m«ﬂpﬁoe@@santtb@cmrw QWDP&ﬁ?bYaéB‘(éé“aM"@pg}eef&xW'%' RERfilg of BIT that

\U’ﬂH@)@Q}“‘se itsOeffieRiy Oy t'fnﬁt‘ dus tmévéﬂtﬁaﬁ’d»ﬁl' bZ@@cﬁmgpl(eéezw Lindner in
to inhibit mcrobpial \9 h.or re

duce th .
"GREsshePRYSIERHISCRSS f aceV/YNUER ubst YT e, %RPSPBV nerungsmnttel n
BedrhidradmssspofRire qtedsy Bxped Overlay, obd s80% tWadkndnerbisi ‘ilirectory of

treated with t I/l Zn | e T

VIGRAERSh e dpleroR o WERTiRE §2aamp oL PSR e Springen
conprising 1, 2- benzi sot hi azol i n-3-one which has been

i mobi lized with zi ' FB?“ EQ@@R | ON OF THE
DRAW NGS 25 Figure %‘g‘e&ap ES,F| owm ng the infrared
spectrum of 1, 2-benzi sot hiazolin-3- one (BIT). Figure

2is 'ﬁ-{%r% eﬁpom\ﬁﬂtlbﬁ‘e ghﬁfidﬁé’s’ eﬁo@@ecér{tle:r%Bla?' Hamobilized 1,2-
e

oxi d Fi gure |S_a show ng
benzisgthiazg §tqn9l§|@(f, oxige T{ r%amgog;plexqq gmegxl 43§ gagtimicrobial
Sﬁé}ﬂg‘ tABOWrd) GediBRint 16 Nsivgl Iéélﬂ?#ébf fiomothed sBbstfdte ®alhich they are

3 WO 2007/.139645 PCT/ US2007/ 0101 TAI LE .
stashedpT|Ihe BFESROE INYXRAERT maﬁﬁpﬁlr%%%s@mﬁgmds for preparing the
BigzRoectefpldxat, td@BIARAOT coheiitdds pgEpired by the novel methods, to

W%'éq%eﬁnéﬂrsm o @’Z O‘h{ﬁmé C?g?mepé%)?egs-re nlt?'nﬁﬂnlttbr%lcrggfggbllo%ﬁ%r reduce the

jeenbf lbaztenig e fthetsuriacamfuatsuwtraien angix tad eulpstrats protected from
Vmw;'o:':rlogla‘1 oétta\@ks B{( ngeihg QSatkéQu{Mjm b%e BIT/ZnO complexes. The present

invention is further directed to compositions comprising 1,2-benzisothiazolin-3-one
which has been immobilized with zinc oxide.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing the infrared spectrum of 1,2-benzisothiazolin-3-
one (BIT).

Figure 2 is a graph showing the infrared spectrum of zinc oxide (ZnO).
Figure 3 is a graph showing the infrared spectrum of a BIT/ZnO complex.

Figure 4 is a graph showing the infrared spectrum of a BIF/Li salt.
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theory, applicants believe that the anti m crobial
agent and the imobilizing agent are subject to an

wakvo7acedsve i nteracti on, which assists in i MmDBCIiUBA200g/010124

the antim crobial agent fromthe normally del eterious
| eaching effects fromthe substrates to which they
are applied. BIT and zinc oxide may form an acid base
conpl ex and additional io0o zinc oxide may deposit
itself around the BI T/ ZnO conpl ex since higher ratios
of ZnO to BIT results in a higher tendency of the

Bl T/ ZnO conpl ex to be i mobilized. This

i mmobi lization retards or prevents |eaching of the
antim crobi al gent and results in reater retention

of the antini BEIMIED RESCRIFURPN @F NAEANNENTIODS! r at e

than is the case when the inmobilizing agent is not
e AR RS AR SR B A e 10895zt
&wnee (BIT) camrtie/emlrﬂnjblhzleﬂrmgl {adm&tlm@ﬂ'héf ahthﬁlcroblal agent with an
crobi en subsit,r
A6 YR8y o5 bRy TSR il s bouna by
iheon!, @pplitards believedthat {heeahtinyiciabial aigedt ape te ?néllil_:l_lgzthg agent are
. . . t
330 S AR AR S BT L b ppmicobi
agent dppm2ihestmmialy deieteriofs deanthirgp effectsnrarh theQubstrates to which
tﬁbglérrg a%Bhéd aBPf aRg ﬂ?&t&‘@ n&%ﬁfe‘rrﬂfa{@%ag ba§gec%ﬁ1{¢1f£9< 8hd additional
conpl ex.

#iRe PidedMal é’@PP%!tﬂtSQif aFQUBﬂ The Bl'é@np cqfhelepc@ﬁnca igher ratios of ZnO

, fb@ﬁ’( Feldlts fn BiHIgHS t§n<§éﬁc§'{r éﬁ/thérmwﬁzﬁd‘%ﬁn%an dﬁzgé fMobilized. This

ex s not physi cal” m xture

lmng@géat%reé%{pgﬁwremg leachingrof the amfimicreial agent and results in

dreagsritetantibniod tive §ﬁﬂuﬂﬁ:roﬂ'ﬁlgprggﬂlﬂtﬁ€h|m &g %yggggﬁtgnthag is the case

lex.is ot an al kal i
VAR RS dEPnaiAG RET ier teRrSaplls . T OMBINBIN of g Aptimicrobial
4derguarel He lﬂheblllﬁmgaé@twts N & uh&gddieP bidrineedo improve the

Bl T/ ZnO .co X salt woul d be expected
ép%/aet %Pn@]tﬁ? PQE%‘?’E‘%’@P? QQrﬂe RYec anion is
i nvoIA(ec*.et oBuin Figereésnfatiesl ssrpemw of the i@ oblized iBITZED complex

BSL40R SRR et SATE PRy 3183 By e e

spEptem Df Biffi with 3ostreng eadmny! taedcatnbé4® dnbs dligureed is a graph

S PR onk] 5L g 5l

sResyiung of Wﬁ'TéZﬁ comelexg) FinarecH i aygraph shewingritls infrared spectrum
bhg 8/l lshitS e ﬁra?&ﬁé?é@thrﬁ?ﬁ Fﬁgﬁl%r% L1eHG éﬂo%@ {lllg{ the BIT/ZnO

The infrared spectrumo 1'S"VO
FRTPIEX d%l NPhA PEYSicAlMbdEsof %Jwe@'awzn@rt@cau@mtmmnar@onyl band of BIT

étamzrsmn3 PRuFd 1) ik rRilssiRGI AN
WO 2007?1 3645’ PCT/ f}sgoo7/egr1d6qg§1uégo§§é%§?t§tg| céqé)g'% not an alkali

%%W'Ha? IBARPAEHPY APMRRERCR YAt the [Nirareq) spestramyof a BITAL sal

© (Fagethpr wid hfratdzﬁsd;ﬁu@ &ak Ysinfolized BIT/ZnO complex and the BIT/Li

f han extra 3Q%BIT and total BIT after
ﬁhwgp Sl?cg expected 1o be very similar since the same organic anion is involved.

But the infrared spectra of the immobilized BIT/ZnO complex and the BIT/Li salt are
different especially in the “fingerprint’-region of 700cm™ to 1400cm™, which
represents the combined resonances of the BIT molecule. In the BIT/Li salt, the
bands of the BIT/ZnO-complex at 910, 8389, and 797cm™ are missing, while in the
BIT/ZnO complex the ban‘ds,.of the BIT/Li salt at 1055cm™ and 880cm™ are missing.

- The infrared spectrum of ZnO (Figure 2) is void in the infrared range, the bands
. present are from humidity {(approx 3300 cm™) or organic impurities at the high

4
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(Exanpl es 2-7) suggest that BIT nust be conpl exed on

the ZnO BIT may be ii~nnobilized on ZnO surfaces by
wonrewipddsat i ng water-soluble salts 5 of BIT, PCT/US2007/010124

especially alkali netal salts, onto ZnO Non-limting

exanpl es of water- soluble zinc salts of BIT include

those formed with zinc chloride, zinc brom de, zinc

acetate, zinc formate, and zinc nitrate. The procedure

to prepare the imobilized BIT/ZnO conpl exes can vary

wi dely. A water-soluble salt of BIT can be

precipitated onto the' surface of a preforned zinc

oxi de by neutralization of the solution. For Jo

exanpl e, an aqueous sol ution of BIT-potassiumsalt can
coacantrationd Wihé lcoibation of Zh€lidrarad std&etrBhFF Fﬁ@.ﬁ’és 1-4 together with

B8 AP AT AR RIS RED A B e, o

- (Examplese-Bl wqgﬂgtéfmﬂl@xnust baracheniexechen the deOcan be

pr eC'B?TtrﬁésﬁQeQﬁrﬁ&ﬁhﬁdeérPZH@dsﬂaUe@w ﬁr%@?utgﬁﬁ% wa@r—soluble salts

choosi n reci pitation conditions
%fB'ThésaﬁF'PH’f/ cﬁ"&ﬂji getalopaitsu mmta Znin N@nx}*mltlragj exarm@les of water-

sBluUiBﬁc%'&XEﬁ‘ ifBidB /heSL RAREY With $MC &IH[‘?&@HH@H Bromide, zinc
rsjion concentrat es, usi ng convent i onal

PR 25 SRRt PO GRS MR PG ROLe U GFRPar the mmobilized
mrlmwmpxéx@smantmy QA €A Watereeludil g@t SﬂBhocéW bé precipitated

a i cation of. r.odu
o 182 LieES 25 3 WHOER e Prighpie RelfiaiAAan of the Soluton. ~For
exagpis | ary agiietuse s@LTdZ 0OBtBpptagsiunn skt &@adi spadsixad with ZnO and

' t 2 t th
Z?l@cfzgtc{ ;}bgaﬁrl (f;l'lae?lo n&;a?@tﬁg ?ﬁtr?al% p ?o ﬁlc?e"'tﬁqléwgr the mixture.
Mi@ir@aﬂvetyo BAE | @mt Zngx cars befadrixed tdireBHY to demn tthe BIA/ZNO complex.

F'er%@?rznr{ceaﬂég%rpﬁetﬂ}@mﬁtgtégr@l mtﬁérr@?dr%w&no comglexes By

i mobi || zed article size
chgpsipg taajmgweaaw RPNditions. dhel pEapetian gé the ra@tmctreblal compound

caase Séﬁéd? ('mépBﬁ’fZH@t&Janlé%a&%éﬁ aﬁ‘éd 'é‘é@dliﬁdrpatenals or as

m Ccrans. ener al the i mobi i zed | T/ ZnO
dRpeas BN Erlor HSIn g VR M [ispersiAn dReiploges. The-weightto-

wigHit etiendt BITS el Ana Qn g lé:%ﬁfblék h%{)f b éd]uﬁe& QBtdiiidthe particular
e, Vi sco

eri al h
FPlHicD of hecinalipave ilie baticls Hize A the BRENRAGPIRRK and the
viscosity uf mﬁv&ncad;omem;g thg eirﬁpersf?mfcehwdrart@ zméy &Bo be adjusted

tcg?ﬂjéﬂ}ﬁ {)Srt@@%? 88% q\l\%{‘r??lg(?:%ﬁ%ﬂ argé'“cqb df ighe] welgplp lo weight ratios of

Zo6X th Bl Rumesylt ineatmghﬂratlandiencyaasfdthm Bl’MIlG(S ddﬂﬂﬂ@;@ft% béhémobilized.
e
B, B 3o 2R 0,845 g o o
frofe thenfvane scaledappryximatelyc Wh)si@ saverbbhumnlrbd meigromst hin general,
tl@é’qmm%ﬁieoarﬁl*ﬁﬂrﬁﬁ OfbrAple gﬁngfec?#lfjatéa' NS & 93hidid | dke, which is

reservatives such .as car
Pﬁé‘t&ﬁ\vaﬂaﬂ P ke dtsed- diregy Hanataopting - matesiaR- Theopisapsity of the

B@'ﬂﬁZﬁb ") toﬁ’sfe? $iBA Mcleh{?éfénmatf el Qéj)ﬁgted by the addition of a

& ro-2- di_chl or ophenoxy) phen
Cﬂs' -BYipURd ROgLI PRefsUed deadtion megin afeowatar. lawer alcohols such

as methanol, ethanol, isopropanol, n-propanol, n-butanol, sec-butanol, tert-butanol,
and mixtures thereof. The immobilized BIT/ZnO complex can be isolated by the
usual techniques such as filtration or spray drying. The immobilized BIT/ZnO
complex can be combined with additional antimicrobial agents and fungicidal film
preservatives such as carbendazim (methylbenzimidazol-2-ylcarbamate), 3-iodo-2-
propynyl  butyl carbamate, zinc pyrithion, triclosan  (5-chloro-2-(2,4-

dichlorophenoxy)phehbl), 2-n-ontylisothiazolin-3-one, 4,5-dichloro-2-n-
5
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octylisothiazolin-3-one, chlorthalonil (2,4,5,6,
woebtr7acsd4sr oi sophtha lon itril), bethoxazin PCT/US2007/010124

(3-benzo[ b] t hi en-2-yl -5, 6-di hydro-1, 4, 2- oxat hi azi ne

4-oxide), ziram (zinc bis(dinethyldithiocarbamate),

thiram (tetranet hyl thiuramdisul fide), 2-n-butyl-

benzi sot hi azol i n-3-one, and silver and silver

conmpounds such as coated silver on 5 zinc oxide

AirQual AQ00, conmercially available from AirQual

zinc silver zeolithe conpounds, comercially

avai l abl e from Ci ba, silver chloride on titanium

di oxi de commerci al 'y available from d ariant, and
ostyligethiazabihg-oneal ehlgithalenil (Zéoﬁrﬁéettamwrwsommal@mtr@ bethoxazin

(é-b@mzé\ﬂﬁhmn-ﬂ?% éri:ﬁl‘nmrs 1108 Q%xa'tmné |1IOZ Qldoﬁhg)( Zn Oziram (zinc

conp exes. of resen |nven 1 on
b@éWmeéQV'M?‘@fHa@Fﬁe)r s thigast G%tfamgthwaafﬂrat i ‘?)ﬁu'ﬁﬂe) 2-n-butyl-
beagie bihigzolif3-ie, AidelverPAs efver ddhaboudsl SudHAHS Ecdab® silver on

=Heohile PHAEDARADS ol e sy e drort Al aF sgver zeoitne

cpnwoudés acdrinectially alvaitaige drons CibaasilvegscHiordes whf t@alim dioxide

YTk e, foP RS ks M, e 2B 7 o gommercialy

aRaitzbde frantANMX.i nt o contact with 15 such coatings are
cont i I : : Z . .
ot e Sftnitcbd (BASIRE Brpio, (OWRRKGE S g, resent invention
PERvigie: At Gamplex wheneipl l%IFFeintreaB@amgm ieyaperatidn siriéadting my any other
~ppééé%§dﬂ{a‘f§~&ﬁd %ﬁg%?ﬁ% tBl*rotort?éaBQe(léfgdf #655the gl‘ﬁ*face of  f substrate.

antlnlcro lal i mo Il zed can a SO con
Thesmtimicosiakitpmehilized BhEZe G ¢<ave'ees¢s §l§a|paﬁvl§e@n@ha@t§nal hygienic

cbatu 96r SURBESs SRt 8FBin RBSPIRN,| Bb&ibPMicthes, kindergartens, food
pi | i zed conpl exes further provide an antim crobia

UcHieh S0 S PRBrEapetical dagil gy giRastesias GeMitse inte Hrgntact with

slab}h lcoﬁﬁﬁg&aebwrdl@ﬂéd byl the preseles sk empichieidd &ftibacterial agent.
er anrhl bact er st ances

S e AR DialRi R s P B PEDY GIRRBH NP dsintectons
poaxzidedesvat diffiduit taneaoh auolacas. Themadtinhicasthl Binabi2ed complexes
c\%ﬁ?gg éc?r’ﬁrcll @:Fc{fll’rq%o 4r'|n§|§ V\%@P %ac%crrep fs?%'\g%fﬂs ?:g é\%tlg 'water supply
spéteptsi c§he butlmrnlglahunmpbﬂulzeq cpapiaxes Fortben paividenar gantimicrobial
cSR\'HBQﬁBt ég@kr e 3G&h@ss VRS hy&&nglﬁcgurffé@gc{r%tt Wil C ALY 'Blenﬁurdened with

seal ants I CS, and accordance wt
updesifakle praariese Aharaateristionef B riagtipagelidesttistanaesiuseg for such

péfboslengDbAhéhﬁ&‘i’alln?atQﬁé]é' WPidN 388 1B JcdAed ZMiﬁ fhe timicrobial
the steps of (a) heatin

'@"@bﬁléﬁél%' m %me e %?W&g%m'm% Wepd grqduets, wood

cbmp@sﬁs q&lablﬁcambedccﬁﬁp@énelsmbﬁﬁﬂé@ﬂﬂaﬁi&OWHdﬁ@ hRitéRAs, paper,
he solytlon and addi n

BRRP chEPefREht: Siebisn plisroppeliiral GaURsD galants, fabrics

aadlcotda:getoforma m xture; (c) heating the m xture

: grrégr la org \?ﬁn the %lrésré%ttmrb%n 0121( tal:J Fneetllnc(m)d {soprovuded for making an

immobilized 1 2—ben2|soth|azohn-3 one/zinc oxide complex comprising the steps of

(a) heating 1,2-benzisothiazolin-3-one and zinc chloride to reflux in a C4-C4 branched
or unbranched alcohol 1o form a solution; (b) cooling the solution and adding an
immobilizing effective amount of zinc oxide to the solution to form a mixture; (c)
heating the mixture to reflux and then cooling the mixture to room temperature; (d)
filtering the mixture to 'obtain the immobilized 1,2-benzisothiazolin-3-one/zinc oxide

complex. The method may further corﬁprise washing the solid material with a C1-C4
6
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filtering the mxture to obtain the imobilized

1, 2-benzi sot hi azol i n- 3-onel zi nc oxi de conpl ex. The
waoredohasbenmy further conprise washing the sol i dPeBUSINOANI0124

with a G-C4 6 WO 2007/139645 PCT/ US2007/010124

branched or unbranched al cohol and drying the solid

mat eri al under vacuum The Cl1-C4 branched or

unbranched al cohol s nay be sel ected fromthe group

consi sting of nmethanol, ethanol, n-propanol,
brhschem opanbtanchet waothol and etryibgtthe olid anaketiel trder vacuum. The

28 ey § 508 Dol HpD bS5t WO o

of meiettzaral,, eﬂtalmahom-,prwpmpmemppam, mbatpnolpaﬁrﬂovl-butmle and tert-

bﬂéﬁélerﬁ%ké(rabw %@6@%;’%%& %hﬁﬁ%chﬁ% a%m bre EQI@cted from

era et hal I'n anot her enbodi nent
thprgwm cpns«emg a@f memr@éseﬁiaﬁ@t h@@mnﬁnq’ralandglsa-propanol more

pr%fe%gl@gsfh%nal ﬂ'ﬂ'ﬁ§ Qfé ﬁ1‘é§1_a91fol PefhgﬁBlbbhb %t referably methanol.

hzi sot hi azol1 n- one zi nc oxi
comjmagmtgert&mb@dlmt dhe paesenbmvﬁﬁgomﬁrwaﬁmmethod for making a

dis Héfdnorc‘:oﬂtﬁ liﬁrgte' bé"rﬁ‘zlhfrﬁ’élhhz%@” P-h3nSiRBtHMY¥blin-3-one/zinc  oxide

pot assi um rOXI havi n? H from about 7 to about
ccsn@exw?maainsg the n§te€ﬁl 8Fi (@ £9f ging ARmBAYEPUS ryplution of 1,2-

beﬁ'fzfsﬁﬁﬁlh!&hrﬁm ard pé!a@é“luﬂ?(hﬁﬁ'ok@e HdVing alpgH e EBout 7 to about

8 {Sggbr?d@a%cijngg tglljr{ﬁ(:chleaa% @Q)praro{ni |g1|1%1?> it I%E%bé% Xct}lgéeal%gunt Cof Zinc oxide to
thé, SolBRRY itS Tbith A Ahiktlre3 - QLA Q)1 Mallim itioke nmmmé @ . foiEh ethe dispersion

AT, bR ied B33 HOREE R b, The
miethddhmay ftthee comp&tsepad(du')g aldlsgmfsmgnmgdrertoethbadmatin step (b)
Wgﬁ%‘aﬁﬁﬁgé&%\é@{*h@%&{ I"qgt%ﬁﬁo thod for nmking a

rate ot an | i zed
1, 2-lpeyei swdtheazerhbodideoheths poesemtud\eeru@nppmwdes a method for

m%?mgrésdl r53R %@ﬁtr?{ e 624 lﬂ%m&eﬁn%?%@%%tﬂb%lﬂ@-one/zmc

enzi sothiazolin-3-one, zinc c
oxigerotsmplek neprapisied ithe stapumf 69 fErMHI2EN cAGURSUS( FYxture of 1,2-

b@rgiléb%fggghﬁ Beod'@* z;?ﬁc EP%nHé x4 gnf L BRAHY effectiVe® amount of zinc

m xture.to formthe
Oﬁﬁg.p@)ﬁdﬂ#ﬁf'@érfbérﬁﬁ af @%m'ﬁﬁﬁ?oiﬁi"l“i ghaut 7 to about 8. 5 and (c) milling

the %Iﬁlﬂﬂﬁztb?@rﬁ 19 BisbBrsfon %}%e%hﬁ?e Q‘P(inﬂ'ﬁoﬁﬁi@i ¢>2—béf’&$sothtazohn-3-

net ho urt her COITprI se ad ersin
oM ARRPR L HRPIFR, T Raipor 1y TEReR PTG 3 SO & dispersing

aéén}f)t tghl%é Hnﬁuf@lnsétéﬁ (ai)Cénd 4 Befdahlihg ¥eEnBBGhS Bfixture in step (c).
enbodi

F) 5 5B R B SR S metroo o
n‘ialmbaldliwsibnkmmram of a@dirinmotslizeded 2 trenzisothideolin-3-one/zinc

ofifr eriER Sorabn B RRPRAl (o). okl Ehasufb R R of 12
benzisdthlazoling-afd ant iareinemonilizingfefisictive exialet dirihq byide; and (b)

L] t X r S 0 ; .
ol el " D B8 DR "B ARG 2B SRif Bl 12
benzipdtbiazolih@-one/riod oxige f carnplex. cohsr irgethod may further comprise
adding a dispersing agent to the mixture in step (a) and a defoaming agent to the
mixture in step (b).

The present invention also provides an immobilized 1,2-benzisothiazolin-3-

.onefzinc oxide complex prepared by the methods set out above. The present

invention further provides a method for protecting a substrate from antimicrobial



30 adding a dispersing agent to the m xture in step

(a) and a defoam ng agent to the mxture in step (b).
wab@7pswsent i nvention al so provi des an i mmobi PCmE82007/010124

1, 2- benzi sot hi azol i n-3- one/ zi nc oxi de conpl ex

prepared by the nethods set out above. The present

i nvention further provides a nethod for protecting a

substrate fromantimcrobial 7 WO 2007/139645

PCT/ US2007/ 010124 infestation which conprises

nfefsﬁttdrﬂ@htdhecémbﬁéésﬂtr@aﬂhg thagubstratei witlo Einahhymicrobially effective
ef f ect '

afoySt gt 51 dniioss 1 e e B e one zing, PEide saupRles prepared

bypjthe hetretdsodst st abaveabdhe. pidsenprieesniioni stilerfuitioer provides a

cqhbbu L e 5 8 A SIRS AR BB e v

zimcolide5 zi nc oxide. The antim crobial agent used in

the Tﬁ%‘%blﬁnés&a?!agé@%&&w‘tﬁ{ ﬁﬁp%ﬂ&@& BIRTARS rE:tt:vmplexes of the

i nvention i s aval

' presgnbeimvesiierhi azocwmn@r@auy ( ayailable 1,2-benzisothiazolin-3-one (1,2-
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b@ﬂi%tﬁ%&@n@%{%ﬂg%% ?%I?’ )egﬂ\%  thBlshlts tﬁ’é]’@of h%l?@'llatssa molecular weight

her eo ar wel g )
o 15 L Epcie SRR InvRteVatarand ST WeERobbiaBAlis Wi akall metals and

amﬁé?; %H@ais' hx@ﬁiyaéé’du@lﬁdm] Qrg%md@élveﬁgdeép‘écmnghélb,‘ohols and glycols.

in organi c sol vent’'s especi al é“a cohol s and

BbT ;R!IS! '§S Wamf'F*O'lém%i ajkadi fm&iaéﬁa'%mﬁluée ko Prevgst gricrobial spoilage

oﬁ&lvaitérrba’?ée@dtfdhfwhldal tsglswnwmaé mnné[zaxbslaknesplqidlmer ediulsions, inks,
base ecnnli ca e I.Ke. M ner

PRt iR arasares. e I airus gt n dpited fles patent no.

3@0@6 128 Whld{'edlsﬁbé'uress d1mﬂ>m~amlﬂ h:ereldmy edershates pat ent

her e-lrﬁe g@' 1l e e(%\,g égnﬁgégﬁie I D %bkz'?%gr%ﬁ?p dcomdalexes of the
presenh en\(amgbl IBI caamBraialiin @I@]m m omiidet (’Z&"O)pr Jinmoxide has a
"@U Scular v %ghﬁo% ré{lﬁl‘. 'a?é AW QE{/QIOWQ? v}%ﬁédeérQ%Q)powder and

as a nol ecul ar wel exl sts as
iscPraRtically dnsajehle mtﬁrmqrpstr@sbkr%g%ﬂn@m@ﬁ may glsoj e employed.

N%asfru&a}ésyoﬂ iiﬁ@losd@eeaﬂend.gabséd iMNa8RAtiA Lhﬁét@hﬁ%t&fayz U0Ke (2004),
oxXli al so npl oyed. Nanostructures of zinc

pBX?@'@3aWé'calc§iquf§§a % Wcagﬁog:}iqedlrwr RRYREReRRIay, June
( 2004 acco?-@alﬁb WRE 1883 pradeng thveh&eh, astinembBilizing effective amount of

PR B R, Baim B8 S o B2 E gs " Immobitzin

effettivel arnbunttZnG isdmiaxssindiefiaciileltot imrhobbilzeathe antimicrobial agent

o Rl S5 S5 B, Ay RBEL 4 g e s oo

fountbtoi rhoeeeffiientyntmmiobiliod itkad aladgem:roblﬂla'@em The appropriate amount

o\‘ m%bLIEE\SdaecgnT%@fdgﬁ’% ﬁb(on ém@ﬁ%ﬁséf fattor Jbﬁgf irnag nature of

ent O nore I Clen y I MO
thmsui@a’mtawrta:b@ bratectad emd. thFlvenditipns pnil sliueatiomoefiiime gnder which the

ggg%}g' ik Zhag, a&ﬁeta@a?ﬁae%mowaf ﬁnmuamfhgoégé‘re%p5spamcu|ar

ing the nat
purpose can be determined by routine testing of the |mmob|l|zatton of the

antimicrobial agent with varying amounts of added immobilizing agent. Methods for

assaying the immobility of the antimicrobial agent, such as by HPLC, are known and
available to one skilled in the art, and are set out in the example section of this
disclosure. Thus, depending on such factors, the weight-to-weight ratio of BIT:ZnO
can be very broad. In general, the weight-to-weight ratio of BIT:ZnO will be from
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the substrate to be protected and the conditions and
duration of tinme under which the substrate is used.
wab@7apgrdpri ate anount of immobilizing agent POT/US2007/010124

particul ar purpose can be determ ned by routine

testing of the imobilization of the 30 anti m crobi al
agent wth varying anounts of added i nmobili zi ng

agent. Methods for assaying the inmmbility of the

antim crobial agent, such as by HPLC, are known and

abaati 1:abl te dDuUBrE S kPﬂe\’é?de'yntﬁéW We?hft nla apsigRy fatr‘éeéf BOtZnO will be
SC sure

|n the | e section of
0T S0RM 3 Acmors prefrEbHE R aRat di5 BEbIus b and most
pm‘fer‘abrvfm@aboammtovwouttamad I'n general t he
| T: Z

i ght - L O- at | f

D00 ST SHBEPESREA RS ltyrBam T simonnset BIToed el &re defined in

oﬁerhtuoﬁ’aletéanabbyebd bhethwaqthhatt BBI'IV\?ergM isrsaflulse dr rrB!Itﬁ'ari’Jl“h @t greater
abou [

i seabsne SRR B hubiA b EEShaRy BRbR PG H B fpetanol
Witerua sml@ B/ Zaboaomptex. made lrpacqzmdelscemlth Hinis mventlon is shaken at

\ LT
=By ot e 30 lehry 986) imbSfis SidignPofimethang). any BIT
tfatnosérintgesqhsﬁomll gblsenatiremairatiathest togheatns?, istdefined @ “free” or
“ﬁotemmébn&reammfwmwtﬁeFéﬁ At ferbs g%ﬁﬁhﬁ}&t&uﬁ%ﬁ@'a‘g part of the

hanol When a so Zn0O co

swwélnwﬁsg&\@@r aﬁfdée%qrnplﬁmig qeﬁv@ma%wmpbﬂﬁsré&ﬂ at Accordingly,
trfw‘anﬁéreéncgd QQMeé@FﬁEE&hUéﬁowf ¢ tmﬁ'hyth(azt@b'rlthdlje;éombléx and the
(0] oes I.nNnto sol uti.on

aP‘.Oé‘g"‘ P %Fﬁ?tma’f}'ggﬂ]aﬁ '%%%EH@&"{ s‘bgh PHle in @ prefptemined amount of
nidtharel) isrthé amlfmgnt of ﬂnmmh HﬁlizéelCBITBInTthMB%lfHZhﬁ@ eoﬁilb'ééd; hat

rema S che o .t he n 0 t he SOl |

U 408 GRLECARIAC mRuTER st Bl e “Sraiiies jsestign of this
derbs'UreApcmndh rgbgnvertidre way fte amatyezeba RBIEANQ kenipidrato determine
mﬁigPH& uﬂ %qr ﬂ(ﬁ?h&l{’}?s %e-lét"%gg %rﬁ&*nq%??ﬁ'f]gh %II gmi'nmob:llzed'
(lf:nreemmnhen éda Htforg semplersf lra BOT/ENOs complexnibah twasf about 33% by

TSyl 1001 B FT AR o Tt v

less #ans17Qime| o5 BB prd\i Heverecath e BhE itwapuldoall dissolve in the
nfmarérya forniRy H %@Qtﬁ%' ze)é Wﬁxtﬁﬁt eélﬁb@ %ne %@bnnwsﬁ #f methanol

herein“is "free' at anount t'her el n
at ambjigftdBMPesRiMre is grre@ﬁeretiaaw@‘ye, sygh gn ?@@h@'ssﬁ’ﬁarhé ilstrates any
nﬁmeTéZﬁQn o i @rrtimﬁatvm/ BhotHat s Mot dwé.cm erfheBHEthanol is

ﬂken W, t h t hangl , such a sanpl e woul

varm%&vs%mth%gg’ZﬁEﬁOWm of BIT, and if |t
wer elrﬁbénérﬁaf—;&t Bl degirtablotdl tharinhizélitlss ahorint bf BIE that is "immobilized

th aIessthnO.Z%s ution. Sipge t "
o fhts o HRRePamiER s fo mns Hhe cabunteph i feg T for the
pumcgesaifehlstlhmntﬁ% ltSbﬂJ’fg andemazloyisﬂ'lat tdrmebml circumstances it may
ilization n .4

op RS8R LS80 o 8 ke orr
the complex. A ZnO /BIT complex wherein from about 40% to about 100% of th BIT
is immobilized would be suitable for many applications with about 50% to about
100% being preferable, with about 70% to about 100% being more preferable and
with from about 90% to about 100% being most preferable.
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clearly inmobilized in the BIT/ZnO conplex. 25 In

general, it is desirable to nmaxi mze the anmount of BIT
WO b@t/18%43 | nmobi lized BIT" in the Bl T/ ZnO conptBXSENT010124

to minimze the anbunt of "free BIT" for the purposes

of this invention, it being understood that for

special circunstances it may be preferable to have

m xtures as opposed to maxi m zing the "inobilized

BIT" in the complex. A ZnO /BIT conplex wherein from

aboufy %é}]é’élot@%o&@%@ BfT/ZhOEﬂo-ﬁ'\plgﬁ id ﬁebﬁf@?bbi' bieftﬁbltatlon ina
e

woul d sul table for many appl.icati
BB ERIRSL EONCEDIaHEB PP IEr SR BTSN (5 ST Sl ga b tsed directly
inod eUAtind MMl NThaRlesird Qﬁﬁtrové)h@e@mdwe BIT/AnOrevmpibo uiay depend

u@%%)?; '%ggg%ggf }O‘;j?s 2’%1(5%6@ Lﬁegoréﬁg? giubgt{%tg to be protected and

tHensaHitidrseshBluvalio® of ainpd enderswpncepae adbslyate is used. The particle
precipi Lop in dis . .1 at

<7 1Bt 280 Loen e ARG b 2n ey i ane
cahh rangé yrom theananatsicalg Wewxnahtelwhénuastb rswemmundr@d microns.

Tﬁ% Zp%rt? e 58 &ltﬁé?@/ﬁ} el gqgﬁé;@fro BH‘%bﬁ'iOpm 95%.

ors 1 nc
Ppefetahly.dbe padick: sine ot tm:lBtT/%m@ campl@umwang%from ?mm 50% / 8um

d t b ANEnd@Md aHif fom 2.5
o4l MRy SN S0 8T B Bt 2
5@%chA® 95%.a pearl mill, and can range fromthe nano

scal §heRRHEN} aﬁhelmTﬂzQMo ?|e&%i§éé¥hloh%ﬁbéﬁtréfe%@ﬁ§e adjusted
The particle size of the BIT

O conpl.ex .na
tg pgmsgdgjﬁ@pgb% a CPGB'PH gga;grlalpr RyEAVE s%y qfﬁkég Eif/?ﬂé gemplex may
débéﬁd ijdé‘lc?/g %ﬁbéﬂ@f?ﬂ&wrlﬁﬁn?&mn@am nafupe dﬂ‘rg@%néy/ng and the
nor.e pre rqgm 1
saﬁﬁr%sfo ﬁé:eefpé?tﬁﬁ{) f r o 2\}‘ 5 '?e %‘ﬁ}/%?,‘a/ Qﬁrﬂgp X' dispersion
cohSatifdte Ymay bbfmj&tEﬂZDCswbmd partidulap epplication of the final product.
oncent r.at
'lgiga\{lsrcf?j %F lTkan@g:b\}ﬁ)l o%ns{;&rs% @%@gﬁ%%ﬁ% l?sted by the
addylondebenmsuqmty adjnslivige @ageht. f a@stm*e&r[aqic Misgpsity- awgstmg agent is

g An elg%h‘n (ﬁ’%liﬁ?} 'ngl ?@dVI%QS%é/Sg?T?%t gjl Q&nplex dispersion

canswmecnay cmgﬁeﬁpma@wfaﬂﬁ%@ aapuﬁsi%llpmlaa%mrﬁfqrﬁb'y from about
488 {0/ Q%Lﬁ‘i‘!(ﬁﬂm’é§ %bpé‘ pPéfeHEﬁi f‘rbﬂﬁhb&t‘)mto ab&l€1000mPas, and

VISCOSIt of |sperS|on

%Qﬁ#@éﬁfﬁfﬂhhéfrﬁﬁya%'téGPG%taéau angasaddltl on of a
Vi SCQ$i ddkondlinést Wil 8L MvenfioR! @h&T drtfhicrobial immobilized BIT/ZnO
éhﬁa?&?'eé%g,o%?'p@@%&?%ﬁ o v B3 Ll s SR 00 bopications
§ I ajoatingy, rpﬁ!wesffvﬂm(ﬁhﬂuﬁuéteo Wwaebdhemhposites, plastic-wood
R, B, b AR R postons
aubebivpsctriced) yoriarete aholking)G@atamts babtic) Otriage, textiles, and the
like, in a broad range from about 0.004% to 2.0% active concentration. Such
compositions can be prepared from highly concentrated compositions of the
immobilized complex by appropriate dilutioﬁ. The optimum useful range is about
0.01 % to 1.0% of immobilized complex in the final formulations for such end use
systems. With the use of such modified formulations in end use systems, it is
possible to protect substrates for extended periods of time against growth from
microorganisms.
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In accordance with the invention, the antim crobi al
i mobi |1 zed BI T/ZnO conplex can be included in a
wo poval13deas mul ati on for use in such end use appPCT/EE2007TI610124
25 as paints, coatings, plastics, wod products, wood
conposites, plastic-wood conposites, nolded plastics,
bui | ding nmaterials, paper, starch-based conpositions,
adhesi ves, stucco, concrete, caul king, seal ants,
fabrics, cordage, textiles, and the |ike, in a broad
r angBorhpositions of tis PRAUN Pvenfidh adll ereraily Genfofraliliatst by mixing

o R AP B TOREIoB 1 i es SEer BB oDt a liquid vehicie
focmnqﬂoann@)oraepmpepdingt thedadtivei compdimentspt Tihetmebitd ohay contain a

o §hE e rrlRiter, i 2, walibor a9SRE  ERERIL LEEE SR, Stmicrobia
imMobilizetk complex inslude the dirbiestion of agledius hased pamis asd coatings,
atﬁ’e%ﬁ 5 dolnté réecfgg g? Séteg‘r?grtéaoggtﬂg%,eg?igﬁwﬁfs’l%%tmﬁ%tglo Working fluids,
pwivmeoc&rgdmos\ns pigreemiisperFiorE0 GHlBIePUs/ insasioal onm@iLets, lubricants,

IS 41208 P, e BREAERb VERLMAE bR A b fovce o

m xI'ng or di spersin
Iésuresn 6 s«@rﬁébleeaowezrgofitsp@rs'wq. Forain| anyuptey shitaple product

t%@r wﬂlcﬁﬁ@'désﬂgb@r IrP I RIYEr A AnE R s dsiitih m%@%rﬁ invention can

he vehicle may contain a "diluent, an enulsifier and
be, riaYidPH (A% Ge FeadyEiepees dof oguglsinohe Herm mfi aguqassi dispersions, oil
dispaeiirs, aeds autpletratacl ude the protection of aqueous

ol AR Soetedn sl i e MBS Hrdnarptld PRPregCR R e rising the

- ativhigrabiale imhssbdized pbg'memt ates peveriabnglycalqettears and esters like

erioBR P AR P SHElT: afVeF B itbienss ikl len @By e, 2--
np_trmnydta_jmﬂethoky)qnmpmmiem ool apethyl tethere popsiens, glycol methyl
o352 e e o S el i o propne
giyeel prbutd ethermanshithiecesternof the lpnemuab!dmast@ed compounds. Other
uéé?ﬂldé‘olf/g@ﬁts“a?‘é rﬁ’HléiHﬁtpynrthBﬁe fﬁjpghg prEPi6Rste and dibasic esters of

di spersions, oil dispersions concentrate.
seyssal dicapioxylie §C'ldﬁa?n@ Anixiees, darreph tTﬁ'Q peasemdselyentsffor these

plﬁfd@giécér% BTNl @?cél heou f‘E{H@r CH PhatAbxy-BTEREpandl £8nd éhe dibasic

ex are Severa %1 ethers and_esters |ike

'sepﬁgy?%tﬁe nd Qf|SURCIR §'|utaétcr?é}d adipi5Afidhe gl ycol

ter LV\hidiwd»rﬁﬂéh@% fordhulations of the present lnvenlmon fOrl; specificr:] applications,

net hox t et y):trip ne col et et her,
ST D B e, b Betlied NG rd iR EgpYenondiy emeioye
imebiwuobsabhernntdmbprfmp;duehebmle:agbqs: aucheadydrgenibebinding agents,

e et h d r . t.he :

SR ot A A BBEBRET SeBybb meaes,
plasticinense tUNHstabjlizecd iod ctadjility - @'mmbrqorw@eo-ﬁahﬂaand water-insoluble
dgésk?aédl& %ﬂrﬁér?ts,()fsiccatives, corrosion inhibitors, antisettiement agents, anti-
skinning agents and the like.

The immobilization of BIT on ZnO may be further controlled by adding to the
complex basic salts of carboxylic acids, e.g. fatty acids. Preferred fatty acids are
benzoic acid, octanoic acid, 2-ethylhexanoic acid, nonanoic acid, decanoic acid,
undecanoic acid, decanoic acid, stearic acid, oleic acid, and mixtures thereof.
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20 several dicarboxylic acids, and m xtures thereof.
The preferred solvents for these products are
w@eepsbene gl ycol n-butyl ether, 1-nethoxy-2-pPOpPaERINNG/010124
and the dibasic isobutyl ester blend of succinic,
glutaric and adi pic acids. Wen preparing fornul ations
of the present invention for specific applications,
the conposition also will likely bé provided with
adj uvants conventionally enployed 25 in conpositions
i nt echeddingr teuctheappbsertt i inventionch s&Bst@&tgania?ebimdﬁeﬂgd from

e e
canyaisirgblhie ardirgicrabial tlam¢bllizpde!aﬁ‘ahm@ recomplax ef tiso praseat invention.
SQéh \WRhfihg 'rﬂég 'g\%ﬁe rﬂ&ﬁﬁt I'%Olc?{ng%%?ﬁ%ﬁh thé Csﬁﬁ)ts irdfe’ coating or

COrrosi o Itors ent's,
othRIWiRe eNtagtng thexsitbstiate Witk dhe SGmPheltlpmwblthe hk\e | on of

B' T Bk fNOWiRY ei?@mfalé%t%rpégéﬁtéﬂltquﬁgﬁét@%ﬂb rl%o'ié?n 4 invention.

onpl ex basic salts of carboxylic aci
Uﬁ'@ﬁﬂs"‘“%ﬁ%r'ﬂ@tﬂ’#%t?‘ defedenegse to U@rma@da@ecpentages here and

thesuighoRt ﬂqea&pﬂ:caﬂo@brbeWe gﬁdecanonanm c acid,

decanoi c aci d undecanoi ¢ aci noi ¢ aci d,

stearic acid, olelc acid, and m xtures thereof. 11 WO
2007/ 139645 PCT/ US2007/ Ol1gxampPrEesording to the

present invention, substrates are protected from

contam nation by mcroorgani snms sinply by treating the
subsnalgtiealPidreaiure Fov Ddtermining thaiAmodnt BEimmobilized BIT

antim crobial i mobil lfﬁ‘ﬁ'ﬂ;ﬂ&ﬁonﬁ%”ﬁ' ex of the

present invention. st i nvol ve m Xi ng
t he conp05|t|on with the substrate coating or s

ot hegpg% tﬁlﬁ%ﬁg n’ﬂg?é E% t%ii'aﬂ %G'ricﬁ.hec‘ 8@\;8#1 ahd ghe amount of "free” BIT
'npﬁ ggféﬁlﬁ@@wiﬁx | e diffesengecbetveenithe tdtél amoemtt@chiT in the

BH‘?‘Z@@%OH’H@( W ﬁhé é}ﬂbﬁﬁtt&df @'l iBI'IF gﬁ&r i& nt?r‘ésanti{%rﬁ%rf:ég}'] soluble in

and per cent ages here and ]
a af%i%mdcﬁmwtgﬁmethénmm ESd a&ﬁaﬁﬂnmt optigyeehilized BIT"

inftRé BPEAZRO R dhpRx! he Anount of ImmobilizedBIT in a
Bl T/ ZnO Conpl ex is This analysis determ nes the total

amount of BIT and the anount of "free" BIT in a
1. B\nﬁtisng)ommcﬁm Aﬁb@nﬂ@ﬁélﬂﬁ%@%@%éleﬁ total

of BI t Bl T/ co and t he anobun
S0P aBeiver e Braldrnaint o BT A BT 2 O omelar PR T Zn0
campler deaist bengdrelypatio Iberaeithe BUT soithatdedanpe apalyz68 by
stgggéjrﬁtngLC téémoc?dels,' zed BIT" in the BIT/ZnO conplex. 1

Hydrolysis.

Approximately 200 mg of the immobilized BIT/ZnO complex is weighed
exactly (exact weight may vary depending upon the expected total amount of BIT in
the complex being analyzed) into a 100ml flask. A quantity of 20ml of methanol
(HPLC-grade) and 5ml of hydrochloric acid (1 mol/l) is then added. The flask is
heated to about 50°C for 15 minutes. After being cooled to ambient temperature, the
flask is filled with methanol up to the mark of 100 ml. The reaction mixture is then
filtered over a 0.25p membrane filter (e.g., Millipore) and is ready to be injected into
an HPLC-column.
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1. Analysis of the Total Amount of BIT in a BIT/ZnO
Conpl ex. To analyze the total anount of BIT in a
w@bd sz onpl ex, the BI T/ ZnO conpl ex nmust bePCT/US2007/010124
hydrolyzed to |iberate the BIT so that it can be
anal yzed by standard HPLC techni ques. 25 Hydrol ysis.
Approxi mately 200 ng of the imobilized BI T/ ZnO
conplex is weighed exactly (exact weight may vary
dependi ng upon the expected total amount of BIT in
t he conpl ex bei ng anal ydBUE Conditians00n fl ask. A
gquantity of 20nl of nethanol (HPLC-grade) and 5m of
hydrochloric acid (1 noll[) is then added. The fl ask
Inskudenheat ed to about 50C f oApparatis:GhimsadzefA@r bei ng
£d to ambient tenperaturgy, _
Cslgglﬁ nmet hanol up to the mark of%%@?@{??}%ﬁﬁe Ctﬁ&gerey Nagel)
SeiventGeadienttfiew. filtered ovdBma/min25p menbrane filter
U(/ED&ectonHvbﬁ 2(5}9, and is readyoh@m be injected into an
C- col um. WD 2007/ 139645 PCT/ US2007/ 010124 HPLC
'BSH'EJH‘\U ons | nstrunent Appar atMaershpveereaioniilesiakivab
ENest Bosi | 100-5 C18 HD (Machergwniagel ) 5 Sol vent
G adient Flow. .1.3m/mn UV Detector wave | ength:
312nm El uent A: water + 5% acetonitrile (vol:vol)

Fislhwiné (Miin. )icet onitrile Flow Gom‘én( Ur@dn)enﬁol vent

Cr.adiant * 1 1004 El Hent

A" 1 I ) & i W T TOU /70T o T

= - e < 3-0—-10%
oA tent B + 90% El uent A 8. 196‘%@0@{#:‘ %b%’ =lyeitA yent

w

3% 10.0 70% Eluent B + 30% EhQ%ﬂEIuént&li- Qﬁ@mﬁhmnt B

+—31004 El vont A—32-0-909% Eluant Q04 El 11ant

J.\JIU I uUCTTt s T VO 70 LI A

8% El uent B + 90% El uent A 795" %r'“f(i@?ér 5@2@8""—1%0%

1&buent A 17.0 stop 10 * = vabwEluent B + 30% Eluent A

11.0 90% Eluent B + 10% Eluent A
12.0 90% Eluent B + 10% Eluent A
13.0 10% Eluent B + 90% Eluent A
15.0 10% Eluent B + 90% Eluent A
17.0 stop

. *=vol.vol

The total amount of BIT in the BIT/ZnO complex is then determined by
comparison to an external standard (150mg BIT/1 liter methanol).

2. Analysis of "free” BIT.

BIT is very soluble in methano! and can be extracted from the BIT/ZnO
complex to determine the amount of “free” BIT.

Approximately 500mg of the BIT/ZnO complex is weighed exactly (exact
weight can vary depending upon the expected “free” BIT content of the complex
being analyzed) into a 100ml flask. A quantity of 50ml of methanol (HPLC-grade) is
added. The flask containing the mixture is then ultrasonicated in a water bath for
about 15 minutes. After being cooled to ambient temperature, the flask is filled with
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The total amount of BIT in the BIT/ZnO conplex is then
determ ned by conparison to an external standard
W@ 1@0msped T/ 1 liter nethanol). 15 2. Anal ysis pET/Uf200®010124
BIT. BIT is very soluble in nethanol and can be
extracted fromthe BIT/ZnO conplex to determ ne the
anount of "free" BIT. Approximtely 500ng of the
Bl T/ ZnO conpl ex i s wei ghed exactly (exact weight can
vary dependi ng upon the expected "free" BIT content of
miskreanobap h@mé&auebhgocamalvmté)achm mitudddisrthe fiksided o¥er a 0.25

“‘%ﬁﬂ)n%'b%ﬁ e%g&'}{ﬁélogr g}e tﬁ n}nori?tag LJ)‘EE %%‘gﬁb it arPAPEE-cotumn.

ul t r'dv HiRt&-eahditiors foatbalybiatdi thetfreediRITtis i sameakteset out

st e, TR i s 3R 218 3 R0 Gl e

detetrhined| bmmmnsm tewrkexdérnabstiandarthi@d S0aucBiTdh liter smeathanol).
is then filtered over a 0.25p nenbrane filter (e.g.,
MIlipore) and is ready to be injected into an
HPLC- col um. The HPLC- condF*amRle 1or anal ysis of the

"free" BIT is the samg gitpaativexampfey © in part 1.
The amount of "free" BIT |n the BI T/ ZnO conplex is

then 5 det er¥sr{d-Bongispthiarebin-renaigins(tichiaride
standard (150ng BIT/1 liter nmethanol). Exanple |
Conpar atiyv

b1 o Bie-. 2 Brr SOIAZaYB P ANIZIBRAYSIAUYS | YR BiRAERd sgpcording to
eﬁélﬁpléals?obﬁﬁmecsstdteﬁﬁaielnnﬁ oned DQBC(I I )chl ori de vvas

B;te 2 {5%289 9?&%@%%%@253?%3%6@% ica r;}:utree %raée% was dissolved in
75mP obabsuilsiethetiaabl. nA Sjuantity (%6 8g zinalchjmuide wasaaiddedissprovide a

%agéglluyg Gii.. The s%ﬂgnt Q\Iasqpéﬁ’ 89%&{%@&3&%& vdbc‘ugtlﬁa{ﬁc# Hé &idue was

I de "‘was e
dsedi ut Pomuaiﬁmy gblawtofww (t%ﬁeheema@ibmpbmﬁtmﬁéxlnoﬁa@um'de was

i %ﬁ%mo%al’?ﬁ%fgwﬁﬂ A.guantity of 2.1g of

enzi sot hi azoli'n-3-one) zi nc(I1)chl ori de was
obta hed.1.2thenaispiiiazainipone mYas zAok pamobiiped as a  bis-(1,2-

bén%s%&%ﬁﬁlsbéﬁé)ﬁinbnnauen@e Waft dipipleXHeBhlider Breb é§m§lex is almost
I S- 2- benzi sot |azoI|n-3-one)2|nc(ll)chlor|de sal

OB BRLRE. D Mheihassl GIFLG ahatsds shiveth hetaBalh o the sal
c§91|p|39<| Was A, 0BéMA8thiazblifl-8-oMRad eI d Frenee ibaianeBektedct.

the salt corrpl ex was 1, 2-benzi sot hi azolin-3-one-
obtai ned fromthe nethanol extract. Exanple 2
Example 2

Dispersion Concentrate of BIT/ZnO from BIT-Potassium salt

A quantity of 300g of tap water was admixed with 26.7g of potassium
hydroxide prills and 74.19 of commercially available 1,2-benzisothiazolin-3-one
(90%) (available from Aldrich) until a clear solution resulted. A quantity of 270g of
tap water, 40g of Emulsogen TS 200 (a dispersing agent available from Clariant),
40g of Atlox® 4913 (a non-ionic dispersant available from Unigema), 155.7g of zinc
oxide (available from Aldrich), and 30.1g of zinc chioride (available from Aldrich)
were then added and the batch was milled in a pearl mill. The foam was controlled
by adding 0.5g of Rhodorsil 416 (a silicon based defoamer available from Rhodia).
The pH was 7. The mixture was passed 3 times through a pearl mill to reduce the
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Di spersion Concentrate of BIT/ZnO from BI T- Pot assi um
salt 25 A quantity of 300g of tap water was adm xed
wowah/12845¥g of potassium hydroxide prills andP@HUSZPODO10124
commerci ally avail abl e 1, 2- benzi sot hi azol i n- 3- one
(90% (available fromAldrich) until a clear solution
resulted. A quantity of 270g of tap water, 40g of
Emul sogen TS 200 (a dispersing agent available from
Clariant), 30 40g of Atlox(r) 4913 (a non-ionic
palitisleesizant Theaprodbttewhs cadjlstegdorg viskhSity pfod2@ miRas (Spindle 4,

R BP0 b M i B g 0 of o
water. TahecinOddT weigratveightaatie &rZ 611 drid th€lmolao eatioddld :Zn = 0.20.
. ' ) I
cont sl B 8088, 0ol edHRIOR Lotk ol U@ boranco.
Parislensize isiribiation 4s3 sucremeterdad % ﬁo@ghcr@npﬁaw 95%i | Analysis: 6.7%
tdt&dY SE é%otﬁﬁz% g%@lé dﬂ%’?ﬁﬂi %ﬁy Q@%@@wg decomposmon in

artl e Slze t was adj usted V| Scosi t

18% MGFWP!&{'C( sgplnme@trahze B#lb&fwlth d\)\etbynglddﬂl?l..%nargampls of BIT).

Aﬂb@@%réﬁ SISk B ﬁ@ﬂtmam.agamt}g@t Z@a% ) ke@}a%ﬁﬁg t%l BIT is fixed
water, The ZnO BI T wei ght/weight ratio = 2.

Oﬁﬁ'&etzﬂ@ﬁHffa&P ratio BIT:Zn = 0.20. A quantity of 1000g

of (1, 2-benzisothiazolin-3-one)zinc oxi de was

obtained. 5 Particle size_di st[ gution: 1.3

m crometer 50%/ 5.5 nicromABPI%%% Analysis: 6.7%

total 1, 2- IDisgesidin Canclentrate of BITYZnEPronaBIPEZn&t; di

hydr ol ysi s (deconposition in 10% hydrochl oric acid,
neutralize, dilute with nmethanol, HPLC anal ysis of

Bl T) A guamdityysi 30gbf mpIMEewBB Tniked mithe22h2ag of ceximeacially available

o
1% o A S 505 P L, Lo 10, 308 o ston o
487y ofrdiné pxideBamd 210y of mnqmmridtey e beg:howa$ aputralized to pH 8.5
I
bﬁo@ﬁg&ﬁ &/nggsgl{r%% gf g%%‘% h\N/\Iﬁ oﬁtéég?‘['@o?éﬁox'de solution.
Tﬁg@atqzyaéﬂow%Mmﬁt@mug&fﬁa PgaB il mtecimedée pafiiple size. Foam
w%s%nﬂfonéa B aaﬂwo dg- ofmdlaadam G/Vaﬁhé‘ skad@k wagcigé.@ aBjdsted to a

sl ow addition with stir

"WW 9%?%%§1ptﬁﬁ (Sl e Brackfald, [ 3R8 oM bitasiion,agd dispersion of
1@@%&1% g% drie P oftap iltér. MTHd ZhO: BIFdMsighREight ratio = 2.6:1

rticl s controll ed by adding 0.5g of
Eﬁ ﬁ" rﬂﬁ@ B'Eii.r% uct was then adjusted to a 20
Vi sc@s plisintitly 3f2300§’a:8' & Spspeien Scordentriate @if (1 ZLB@niimt)wiazolin-S-
addi tion and r of. xa
ORI PB WA IR TR B Sy R G PSR 50% / 3.5
nictonieter 95% Analysis: 6.7% total 1,2-benzisothiazolin-3-one by HPLC after
acidic hydrolysis (decompose in 10% hydrochloric acid, neutralize, dilute with
Methanol, HPLC analysis of BIT). Analysis of soluble BIT from methanol extract:
1.1%. (84% of the total BIT is fixed on the ZnO surface)

Example 4
Dispersion Concentrate of BIT/ZnO from BIT-ZnCl;

A guantity of 90g of tap water was mixed with 22.2g of commercially available
1,2-benzisothiazolin-3-one (90%), 12g of Emulsogen TS 200, 12g of Atlox® 4913,
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and the nolar ratio BIT:Zn = 0.20. A quantity of 400g
of a dispersion concentrate of
W@ 202Abmrz i sot hi azol i n-3- one) zi nc oxi de was OPCHUREA7/010124
Particle size distribution: 0.8 mcronmeter 50%/ 3.5
25 mcroneter 95% Analysis: 6.7%total
1, 2-benzi sot hi azol i n-3-one by HPLC after acidic
hydrol ysis (deconpose in 10% hydrochl ori c aci d,
neutralize, dilute with Methanol, HPLC anal ysis of
2(B6g pf zingsadjde, araf 9.9l aftdiec Bhidrifle.o Mhedidicn vlasendutatized to pH 8.5
hgad B [ t O
oy_ gAPbing kb 2B %° ik et Syl KTReRiNe] SFufy The baton was
passTd Zrimnes tiwpagrramﬂarlzmm tquaducce theopartdg sife.t Bpamavas controlled

bw\@gdlﬁ‘%nm ‘ﬁfﬁhoﬁ’é@g‘@é Cﬁ@@l{?%h@! %s%?ﬁ Eﬁ!ﬁ}s@ed to ayiscosity of
9%0'quzé39md}q 130 xXBropkfigd, 199 m)zbwaqcsm@nd d'spers'on of 1.8g
xa?mw&&%@mgrﬂof t3,9 v@qepf TRE T8I Qe dg%p;gveﬁ%ma% = 1.6:1 and

zinc chlorid was neutral’l ze
thﬁ(ﬁ?ﬁl%’ o Ry a1 =8 @% (vv/vv) pot assi um hydrOX| de

sol W iquantiihef hﬂﬂ)ghof/\?s dispafsi@fl c%n&ér'if?eﬁetdﬂ’f (’ﬂgfbeﬂmsothlazohn 3-
duce

tor

ot ADE s wa, e, Bt i GBPLTon: 4hd MERGmeter 50% / 6.0

miradeter 98%. t haalysid lLQaV%?tdt@I azvbmb tigl]tzafn 5—09}50b9 R#BLC after
i e r - t.i,on and
acie  BiArBiydis, KAESbSSE in - Bibe  BRdrofiioR Sotit heliizg c pitute with
mngh(BJFE!LCF anailyglin ofd3IGht Aratyists of &oleible BIK frotvhenetbb@ol extract:
fi 1 A of a

! é?sp@?g %—w%%gﬁté’\qe)r?ﬁé até(eg?&?% 22/ rb(g%lzjﬁé)‘g'%hl azol i n- 3-

one) zi nc oxi de was obtained. Particle size

di stribution: 13mcrorret|:_g( %g 6.0 io mcroneter

95% Analysis: 6.7%total 2-benzi sot hi azol i n- 3- one

byﬂ'mre'% Gancepirte Oﬁﬁmﬂn}% Rigeetdtresitation gna Pearl Mill

hydrochloric acid, neutralize, dilute with nethanol,

HPLC anal ysis,of BIT). Analysis of soluble BIT from
met Haianity; pPEJ66.-2g) ofgap (w%f% Jrag pexediwith BRRg of commercially

avadilseid m-aefnmszﬂﬁh@mrnf-%ﬁé (9@%) ExgopIEnSis6 S eSS oo, 6g of Atlox®
ncegf\%r ,F ?f BIT/% gy ect Pr@em pitation in
2PPAMG-19 AT GlRgds, i el%cwaéfm Iged I REariyed! fAnagminutes.
Fodrh hwdS. c’dagtroﬂe@madingl bysg eV ®Hodbls® 416. The product was then

e Gol 584 O 0348 450 SroSko S 3550 B acaton o

0.6 xabtttanhgwasamd 2Hg bfi tapafvaiear Thei Zd0BIT vizfightiwaeieSratio = 2.3:1
a,{Fﬁ@,@,}Q@% ﬁtéﬁléﬁd P¥gadding 0.3g of Rhodorsil 416.
e pro

hen"~adj usted to a viscosity of 1180
mPash (OtSqalnhtj/I ef B00Br oblal dispdrsidrO@onpentraty efd (i, Ribenzisbthiazolin-3-

one)zinc oxide was obtained. Particle size distribution: 2.4 micrometer 50% / 10
micrometer 95%. Analysis: 9.9% total 1,2-benzisothiazolin-3-one by HPLC after
acidic hydrolysis (decompose in 10% hydrochloric acid, neutralize, dilute with
methanol, HPLC analysis of BIT). Analysis of soluble BIT from methanol extract:
2.8%. (72% of the total BIT is fixed on the ZnO surface)
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0. 6g xant han gum and 21g of tap water. The ZnOBIT

wei ght/weight ratio = 2.3:1 and the nolar ratio
w@ba7As635 0. 24. -25 A quantity of 300g of a di BEEUS200M010124

concentrate of (1,2-benzisothiazolin-3- one)zinc oxide

was obtained. Particle size distribution: 2.4

m crometer 50%/ 10 mcronmeter 95% Analysis: 9.9%

total 1, 2-benzisothiazolin-3-one by HPLC after acidic

hydrol ysis (deconpose in 10% hydrochl oric acid,

neutralize, dilute with rexamplel§ HPLC anal ysis of

S hpafHeh Y5 GheaR BT B SR EEERAMaH PG Poan win

surface) _16 WO 2007/ 139645 PCT/ USZOO?/ 010124 Exanpl e
6 D '?WF%&I& FBRF Egéﬁ'@e]es WasB\k\T(eér\‘Qr Byhdaré eg\t quantlty of 300g of a

Precipitation in a The product” from
diRergisinecencgayate of (@ &- P@FZ'SPtH@GP@“ SRNGUERE PXigde yyasseegined.

Of apaficl A diSRbLHEGEEeALE aﬁﬁ:r@rfneter 50% / 45 mlcrometer 95%.
2-benzi sot hi azol i n-3-one) zi nc oxi de was_ obt ai n

Ap%hf%'ﬁm%% taly1s3-PepriepthiRZolin-g-oRe ynstRdC @Gt%/aqd's hydrolysis
(d@cSﬁ‘@&Eéefn 99% hyﬁfﬂ@éméﬂlé adid, SHeli@aie, dilute wnth methanol, HPLC

ot hi azo HPLC after a
FY e IS RoaemapiHE St rh osthaeh hack D.8%. (2% of the
tofsl BT as fixed oditheizaOvduirtacapt hanol , , HPLC anal ysi s of
BIT). Analysis of soluble BIT from met hanol extract
0.8% (92%of the io total BIT is fixed on the ZnO
surface) Exanple 7 DispersExamplnZentrate of BIT/ZnO

B i P i-S-. A- i .
o%/D‘%?%g&%P #3&&&&[-%%‘ o\‘zfgﬁ%@ mblrﬁ%#gegé.g?énw fh'Bear min
commercially avallable 1, 2- benzi sot hi azol i n- 3- one

9009 .
(1 344 4N c‘[u% 90 OXI S&Q?ﬁ v@%rtz\g% \Angge%&vlltﬁ @(ﬁfl’g&ﬁme@{lglly available
1 &mna*sqthmzalauwneﬂ@aﬁﬁ)w@g ofclomulsegped $y08dEs rRI Aflopg4913, and

1949 BrosiRy éleeA'lﬁae Egﬁmmg%ﬁle%ﬁ d P& @:‘i’dl St thchﬁ’sa Foam was
viscosity of mPas (' Spi nd r ook

el 1
C‘P'ﬁ\‘ﬂ“eﬁybh@épﬂgoﬂ 16f °fORB@d9rz§Ht‘Hz§1 Eﬁeg?fﬁfjﬂﬁdwiég}hé'f' qd&fﬁted to a
vn‘é@éﬁt’y ofT‘h'ftrBDZﬂl@BfB'(@pW@lé} Bt BY&BI@BH r10blrt9m7 dbltﬂfrﬂoi b@g xanthan
rati_o uant i

it 23 o Sp e o TBS A B NS 52 S08] ad the molar
rAidBITtDC=02®E was obtai ned. Particle size

di stributi ter 50%/ 7. er

556 MR af 3o icf (€ M EreBf Sinobfaeh b (F b pispthiazolin-3-
ohg)zirel Gxidé tveas Dbtafmadi (Pdmycle alizes districddioonp &s micrnentedés 50% / 7.7

b nNeytb, I

PR PR s Pl 2 o b1 2 e Bolidain sy HPL atter
agidich aydrolysis r{decompose in 10% hydrochloric acid, neutralize, dilute with
methanol, HPLC analysis of BIT). Analysis of soluble BIT from methanol extract:
0.1%. (95% of the total BIT is fixed on the ZnO surface)

Example 8
Solid immobilized BIT/ZnO

A quantity of 30g (198 mmol) 1,2-benzisothiazolin-3-one and 15g (110 mmol)

of zinc chloride was heated to reflux in 250ml of methanol. The resulting clear
solution was cooled to appi'oximately 50°C and 70g (860 mmol) of zinc oxide was
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0.1% (95%of the total BIT is fixed on the ZnO
surface) Exanple 8 30 Solid Inmmobilized BIT/ZnO A
wa@e@ntiddeys of 30g (198 nmol) 1, 2- benzi sot hi azol POF/BSINB010124
and 15g (110 mml) of zinc chloride was heated to
reflux in 250m of nmethanol. The resulting clear
sol ution was cooled to approxi mately 50C and 70g (860
mmol ) of zinc oxide was 17 WO 2007/ 139645
PCT/ US2007/ 010124 added. The m xture was then heated
added. efThex Mistiure. wasuthed hpated; for reflyxafed 1 henr withoblédngoand then
céﬁewtbmﬁf ?érH%@ratu-FBe ?gé 's@hmﬁéhéi w‘é{@sf ltfe\‘éé %ﬁ%d’Washed with

washed ti1ons of hanol

Zé@mbPPG@%QT G‘Eﬁﬁa’éf@t%t'é?ﬂ) chlofide ¢crql<ﬂ rogt éetﬁf»tect @stthmfﬂtrate by
té&'tnh@ witH %Wernhltréfﬂ th b[]lf@d& babi cTRE IglT/ZAS c@hﬂléﬂ@as dned under

| ex was dried under vacuun1to const ant Mﬁlgh

V?g ny tgoé:oaﬁtagt WHElgat ptg,,,d@,ld ofn@ myhite powd.er The ZnO:BIT
waRjhgAsigmirghd =ra67:9 and2th57ndla|aﬁiﬂlotm¢ zmj arg.2@ti o

TR Y R Y I A

wsitbl g0nmioof af5% csblutiorhytl soaﬁudEhydroméhsanmletha‘Mf f iSLiffdént methanol
Lution to 10

“{aﬁe ‘?H;dj fq \gﬁfég %19 ?'éﬁo nﬁ)qrq e?'é the rERIEg 0 u%pi\glgs filtered

througtor .45 treicramitermgretingttechinto a RP-BHRARCCdoinoneluent was an
aé@ﬂoHﬁﬂE/&@% ﬁ])ﬁ%@&ﬁé?ﬂ?%ﬁéﬁtvﬁt 8T Waété’l{tgrr%mgg%smg an external

anount usi ng an ex
standathaad anbVadelgcips aperatingode? tHinmg Anthedtetinal yigld of 96% based

ubaﬁ@ﬁfwa%aéchvé\@ddo@ Bﬂ@ﬁ/ﬁ@%ﬁ%le% wBkte¥R8 rAhbiitistide. (96%

hat was tested free of chloride.
O(W)@t%ﬁrﬂﬁeﬁ‘ﬁ%’ﬂﬂﬁ 3”@§Uff?ﬁ@d on the ZnO surface) 15

Exanpl e 9 Di spersion Concentrate of |Inmmobilized
Bl T/ ZnO from BI T- Pot assi um salt.A quantity of 45g of
pot assi um hydroxi de prilis" xq@gbeg

1, Bispersioaat bn eélﬂh'at@-oﬂ&ﬁoﬁi’lﬁeﬂ HIFZH S frovh BITLRdthsSlum salt
techm cal, commercially available from Troy GrbH),

and 20g of Emul sogen TS 200 were m xed in 440g of tap
wat eA quiritity af dbg aif p@tdwum) nydinsxided ptiks, Nedg ﬁ%g—b&hasothiazolin-

T T VeaBPB B S Br oAt AP0 Te Loy GmbH)
aRu(wgrcs‘lEEmd&ﬁgeﬂﬂ"QS 200 were _mlxﬂrd inr 440y obtaptvwatar aodtiledclear solution
oA igh SRR R 6 0k B 12 By R8P 200 wes
agdedy Thm@oam wag coniellgshby edlding 0iSgeof t Rhodekil 2 1Beaktbg of zinc
cﬂghhgt\g d§ @l‘i’éi'?%dﬁ@& A WLt Sdrakire \0&s RAQAYGE MPE. The pH was
adjusted to 8 by addltlon of 30g hydrochloric acid (16%). The mixture was passed 3
times through a pearl mill to reduce the particle size. The product was adjusted to a
viscosity of 440 mPas (Spindle 4, Brookfield) by addition of 2g xanthan gum. The
ZnO:BIT weight/weight ratio = 2.6:1 and the molar ratio BIT:ZnO = 0.20.

A quantity of 1000g of (1,2-benzisothiazolin-3-one)zinc oxide was obtained.
Particle size distribution: 19 micrometer 50%/79 micrometer 95%. Analysis: 10.0%

1,2-benzisothiazolin-3-one by HPLC after alkaline hydrolysis.
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viscosity of 440 nPas (Spindle 4, Brookfield) by
addition of 2g xanthan gum The ZnQG BIT wei ght/wei ght
WO 200703%42. 6: 1 and the nolar ratio Bl T: ZnO = Op@QDUS07/010124
quantity of 1000g of (1, 2-benzisothiazolin-3-one)zinc
oxi de was obtained. 30 Particle size distribution: 19
m crometer 50% 79 m cronmeter 95% Analysis: 10.0%
1, 2- benzi sot hi azol i n-3-one by HPLC after al kaline
hydrol ysis. 18 WD 2007/ 139645 PCT/ US2007/ 010124
Exanpl e 10 Infrared Spect Examgie BOT The BIT sanple
enpl oyed for the inf ysis in Figure
1 was 5 Mergal anal{/ |Fca stancrgﬁ]dﬁ?ﬁg 5699 from Troy
Cor por at i on. The sanpl e was prepared according to

St an‘gﬁé @lﬁ%g Iﬁ“ﬁ)l@%dafop'ﬂ?esﬁﬁ rédlgpg&r@m ana (Ysus |E FI?E{E 1 was

KBr ( System 2

Meraalr amlmcal Ezam:aré (90.567%) rfrerar Efpysﬁé’eswraﬁ%f Zhe sample was
p%b@fécﬁ'i%@rdﬁ{@{d)lé%dfa% dr&?edd?éé #seq gp'ie@é‘éd (HD-20%) YRBE99%)-pill

ure anal yti cal ae(9
“ﬂf‘%@e’g Kig- E‘B‘re"cglﬁfﬁm RPF ﬁé iIRgtrdPeat spect rum

anal ysis is _the sane as set out in Exanple 10. 15

Exanpl e 12 Infrared Spect gxm of I T/ ZnO conpl ex The

Bl T1ZnO sanpl e enpl oyed f frar ed spectrum

anal ysis in Figure 3nf@emdchmmmﬁmn€x prepared in

exanpl e 8. The procedure for conducting the infrared
spectrum anal ysis i's the sanme as set out in Exanple

10. Hxaﬁp[lesatﬁplbrﬂrmdpeeld Spdberinfmaretl speditlwin Bedlysis REFigure 2 was

<TheB) Ttk SBLSFE 8 Rl Py e

a(raysaw l%tfmm%laslsgh@mn@qammaqaantuty of 202g (1 nol)
of BIT (Proxel Press Paste, Arch) as a 75% wet cake
(remai nder water) and 45g (1.07nmol) of lithium -

hydr oxi de- hydrat e was heaEX@mMRIefd@f| ux for one hour in

700 of 30 netippaeéd SHER N O BITIHRD EbRIpIEXO! ed to
anbi ent tenperature to precipitate the BIT-1ithium

salt, which was isolated by filtration and dried to
COﬂSTﬁ@'BIWn@&amﬁheemployed for the infrared spectrum analysis in Figure 3

was the complex prepared in example 8. The procedure for conducting the infrared
spectrum analysis is the same as set out in Example 10.

Example 13
Infrared Spectrum of BIT/Li Salt

The BIT/Li salt sample employed for the infrared spectrum analysis in Figure
4 was an analytical grade (99%) standard from Mergal. A quantity of 202g (1mol) of
BIT (Préxel Press Paste, Arch) as a 75% wet cake (remainder water) and 45g
(1.07mol) of lithium hydroxide-hydrate was heated to reflux for one hour in 700ml of
methanol. The mixture was then cooled to ambient temperature to precipitate the
BIT-lithium salt, which was isolated by filtration and dried to constant weight. The
procedure for conducting the infrared spectrum analysis is the same as set out in
Example 10.

19



10

15

20

25

30

procedure for conducting the infrared spectrum

analysis is the sane as set out in Exanple 10. 19 WO
WQo071189645 PCT/ US2007/ 010124 Exanpl e 14 ActPei/Ug2001/010124

the Imobilized BIT/ZnO Conplex in a Water-Based Fl at

Pai nt Agai nst Pseudononas aerugi nosa Using a Mdified

Swi ss Standard SNV195120 Test 5 The activity of the

i mobi lized BI T/ ZnO conpl ex from Exanple 8 as a

dry-film bactericide agai nst Pseudonbnas aer ugi nosa

DSM 939 was determ ned i nEaampl& 14UK, D anond Matt

P TR b A R A g Pt P
nDdl f! ed Sw sAgS8irestdPsed doNdRds a&rugihosh Using ao
descr | bed et MbBHEAY L Safliah ShyRRT-F Tt T

i mobi I'i zed BI rom exa
incorporated into the is vvater-based interior flat

pai ”fhé"&cﬁ\}“tg df?P{ SHALEy B?T/kﬁé Jc@#%;@x *ﬁ%'n%’xa%gf‘e 8 as a dry-film

paln tO equ rate Tor one wee
bacienigide ragainst lﬁsgudmuaataetryglop%@ﬁjwm& wasBietemnided in an ICl

UROWE%nWaH‘ &(ﬁﬂt i tcBn'ﬂnQQrQlaq}il eh}'é‘ﬂag@ %Ber-(d'a%éHl h{erﬁﬁr flat paint

0. 05% of the speci nen I n

<48€/h aerviip bindeshacersdiag tp F"éﬁpﬁ‘roé'tf efcBWisaiangard SWVHe6120, which is
déddribed befeer s (5.5 cmdianeter) were coated with the

20 test material to a thickness of 150g/n2 wet and the

resulting specinmens dried at roomtenperature. One
Pieplafatioin éfitestgicira@eci men was | eached by tap water (9

liters per n2) in a beaker. The specinens were dried

at roomtenperature and sterilized by ganma radiation

f r onTtze boinablizéd BIGZNCecé@plexGrom dxanipte 8 was incorporated into the

008\ A8 el R .55 TR JRROR 16 AT BRERE T i
weffe alloyvedhtecrquiilitmatesfor ane weekatromuabemedraturer ni ght  at

apprg thhﬁ{ltg erﬂi?ﬁ'é Bi Hfo%' :‘?Oté?ﬁbl% Wé%‘:ﬁ?lx%? m& f(ﬂ(ggsbpthe paint

result count
(resultingin 8950 p‘éﬁ\%@@l@enehkvew\eomblﬁe belowe theapthenispeeimens were

prePaf&y ébcorgi'nghﬁs Rémﬁi fuesttp a@%% kér?»rb?n ReBhARER: coated with the

coated sid ownwards_on the 1 noculated 30 'nutrient
tegh atedalpier @ dhickpess gggsgg/ng@@y_etgmd the resulting specimens dried at

room femperature. _

One half of the test specimen was leached by tap water (9 liters per m?) in a
beaker. The specimens were dried at room temperature and sterilized by gamma
radiation from a cobalt 60 source (25 kGy). In the microbiological test,
Pseudomonas aeruginosa DSM 939 was used as the bacteria source.

Liquid cultures of each bacterial strain were incubated over night at
appropriate temperatures and then diluted 1:100,000 to result in a count of 104 cfu
per ml. 0.1ml of these diluted cultures were streaked onto bacterial nutrient in Petri
dishes. The test specimens were placed coated side downwards on the inoculated
nutrient and incubated for 1 day at 29°C.
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WD 2007/ 139645 PCT/ US2007/ 010124 The growt h of the
bacteria on the agar under the test specinen was rated

wa@soo7fisdehdws: OH No bacterial growth under thePCT/US2007/010124

specimen, inhibition zone on the nutrient. 5 0 No

growm h of bacteria under the specinmen. G G owth of

bacteria under the specinen. Bacterial growth under

t he speci men was seen under the unprotected bl ank

material. Bactericidal protection is provided if there

| S NMTheggrowdth of thd BEEtefia dnihdeigarimden thes RRE EPBEImen was rated as
fﬁéngle Sanpl e indication Antimcrobial FilmPsa un-

WSRemarks No Active Conc. % wei ght | eached | eached
(g/nm2) 24h 1 Interior flat paint** + 0.05%BIT * 182

'g a|Gnt S i LNn%B%%}(%E%@O%%{JBS% th%@peﬁjlj[ﬁ%] ﬁnrlyghg%kgﬂe; ogiﬁe nutrient.

08 0. 032%Np grovehiodbattesi yraienthe specithenam 0. 1% 223 0 G
gConpar at | or flat paint** +
Th| ram O. %@%ggk BQ%E%%%Q%E é#ﬁﬁéﬂém Exanple 5.

Interior flat paint + ZiramZiram 209 0 G Conparative
0. WBE&@P@'&::@AH %8&:‘ fHe éﬂu@&m@ﬁ'\/@é sé&h ruﬂ%?fﬁ@%ﬂr%?écted blank

OH G Conparative . I nterior
magarial.« Bactesicigat Hﬁ@tﬁéﬂ%ﬁ‘ G@'@%Wt'ﬂﬁf@dﬁtﬁ%gmmmof bacteria under
the spelied. sot hi azol i n-3-one total concentration

**I'nterior flat paint = 1Cl UK, D anond Matt 15

Thiram = tetramet hyithiuramdi sulfide Ziram=

Harhpid ) - psapp@iinaiestibry [ di t hil osttradrddanai Eid, STPEdume) [IH3eS [ Remarks
Noest denonstrated the e=fAF‘i"%‘é‘E‘§i “of| veBl il rArest | i [Agashed

BLT/ ZnD comlex from . hxarml e 8 |rgg/\/ L ow

'concent f‘ﬁ,’fﬁf ”eaéiﬁ,ql,gggiﬁ’ pEHdonnas 1517erug| nosa il a

Wat-er er+ (r 'F |_Qf J'\:u nt (4004 acr vl

~
l“t‘énnrﬁél’pa tH 40"?“'/ pily AN fOAEA
2b| nder ) ofthh igzea'bmg;pé b@@b%SWl ss § t'andgrd
3 Interior flat paint*™* + Thiram 0.1% 223 0 G Comparative
Thiram Example
4 Interior flat paint*™ + Thiram 0.2% 195 0 G Comparative
Thiram Example
5. Interior flat paint + Ziram Ziram 209 0 G Comparative
0.1% Example
6 Interior flat paint** + Ziram | Ziram 186 OH G Comparative
0.2% Example
7 Interior flat paint™ — blank none 255 G G Growth

controf

*BIT = 1,2-benzisothiazolin-3-one total concentration
**Interior flat paint = ICI UK, Diamond Matt

Thiram = tetramethylthiuram disulfide

Ziram = (T-4)-bis{dimethyldithio-carbamate-S,S")zinc)

This test demonstrated the efficacy of the immaobilized BIT/ZnO complex from
Example 8 in very low concentration against Pseudomonas aeruginosa in a water-
based interior flat paint (40% acrylic binder) using the modified Swiss Standard
SNV195120 Test. The effect was still present after an artificial aging process (24
hours leached, submersed in'water), demonstrating the durability of the antimicrobial
substrate with immobilized 1,2-benzisothiazolin-3-one, . while conventionally
protected paint samples failed after leaching.
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2007/ 139645 PCT/ US2007/ 010124 Exanple 15 Activity of

the Imobilized BIT/ZnO Conplex in a Water-Based

Eggshel | Paint Against Pseudonpbnas aerugi nosa Using a

5 Modified Swi ss St andard§I\N1 5(15'50 Test The activity

of the imbilized BIT/Zn x@ﬂng fromExanple 8 as a

Atyvity bﬂthdalmrhebinl(z’edleBﬂ'gahcscorﬁpm:dmmMeaaasgdrmhell Paint

DSM 939 vvasdterm |Iable
wat er - based i r|"%tr se%"ég&h'gf’f’gpal ht 6’(’%5% aer B 3

bi nder wit h i dMedifedh@wissnStandiand SNV H533I20desd to t he

nodi fied Sw ss Standard SNV195120. The conposition of

the paint, which is typically applied in wet roons, is

set Bhe aptivitwnf theimpondized AHZNO cumptex figy Example 8 as a dry-film

2 n

RO B Vgeﬁ%gg*ﬁeé.%@#%m%@ a8 Wt Zaﬁfgm"”ed n a
cmmﬁc@ha;avsﬂasge echaghc ey aagshall gaint(40%y acnyfig pinder with
aﬁ)%icﬁl\%s%gl privRitér) ta%cwr%jt% hBahyaeey |iss @&mré ISNV/195120. The

Cel anese (formerl Clari an Texano
&

CRTPOBHIAD ORISR Wi véyp'tealygapqilﬁdm&eéa?ﬂg? 8 Sﬁgmst kelow.

wi t h Anmoni um HydrOX| de (259% The m crobl ol ogi cal test

H"BQ FrBFe 14. 22 WD 2007/ 139645 PCT/ US2007/D

Water 169
Hydroxymethylcellulose 0.2g
Calgon N 0.1g
Titanium dioxide (Rutil) 15g
Magnesium aluminum silicate 3g
Chinaclay B 5g
Calcium carbonate Calcit 12.5¢9
Iron oxide 3g

Mowilith DM 772 (Polyacrylate dispersion

Celanese (formerly Clariant) 40g
Texanol 49
Mergal K14 (in-can preservative) 0.2g

pH was adjusted to 8.5 with Ammonium Hydroxide (25%)

The microbiological test was performed according to the procedure described
in Example 14.
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water=based—nterror—ftat—pant—(40% acrytitc birnder)
according to the JI'S Z2801:2000 (E) test (Japanese
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activity an I cacy). The conplex was coated on to
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al | ow ng % tinme hours between coats
Eﬁ@ﬁglesB\M@rV@ryeém pmedﬁ@aop@wtfaqeydpmonﬁsoeﬁfggmosa in a water-

based interior eggshell paint (40% acrylic binder with an adhesion promoter) using
the modified Swiss Standard SNV195120 Test.

UK,

10 Example 16
Activity of the Immobilized BIT/ZnO Complex in a Water-Based Flat Paint

Against Escherichia coli Using a JIS Z22801:2000 (E) Test

The activity of the immobilized BIT/ZnO complex from Example 9 as a dry-film

15  bactericide against Escherichia coli was determined in ICl UK, Diamond Matt paint, a

commercially available water-based interior flat paint (40% acrylic binder) according

to the JIS Z22801:2000 (E) test (Japariese Industrial Standard Z2801:2000 (E) test,
Antimicrobial products - Test for antimicrobial activity and efficacy).

The complex was coated on to Leneta Scrub Resistance test panels, with a

20 dry film thickness of 200 micrometers, with a foam roller allowing a drying time of 18

hours between coats. The panels were equilibrated in the dark for 7 days.

Subsamples were cut (each 50 mm x 50 mm). The samples were inoculated with a
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Subsanpl es were cut (each 50 mm x 50 mm. The sanpl es
were inoculated wth a 23 WO 2007/139645

wEONU8BeD7/ 010124 suspension of the test bacper/us2oanaionz4
then incubated in chanbers (1 per species) at 20C and
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aenceninteadriraint - TNl [ooianest  dep@nstrps.ead the gffi cacy of| Recovered
the i @M% | i zed Bl T/ ZnO cofpl ex from Exanple 9 in |nocuum

D

very | owdg®@aictent rjgfanon agal fist EF@?IEH chiaaoli1 1 n al control
wat er Baded | i -%Iﬁ%«acry! icbinder)
dsi ng | bHE &S 72808452000 (3 Test~The datla 15 show

t hat Eswoheirdecbita lcoil did purvive for 8 hours on the

waterifeaded Jaterlorflat—|pal it {40% act I binder) - -

niernor Paint + . . omparative

fot t | St [ id.i nmobl| Ti zed| B/ zno conpl ex. ThEExampls
/.

h
Lobil Li zed BITL bg_ggm;Leuedu,gg,—Lhe—badﬁéﬁﬂ—a—Le-ve{:————
By 99, %Pf&&gé% AR e o ° o | Exampie

dispersion . 31.3%

ZPT = Zinc Pyrithione
IPBC = dispersion: 40% 3-lodopropinoxy-buylacarbamate suspension concentrate
*BIT = 1,2-benzisothiazolin-3-one total concentration

This test demonstrated the efficacy of the immobilized BIT/ZnO complex from
Example 9 in very low concentration against Escherichia coli in a water-based
interior flat paint (40% acrylic binder) using the JIS Z2801:2000 (E) Test. The data
show that Escherichia coli did survive for 8 hours on the water-based interior flat
paint (40% acrylic binder) not treated with the immobilized BIT/ZnO complex. The
immobilized BIT/ZnO complex reduced the bacteria level by 99.8% while the
commercially available comparative materials were significantly inferior.

Example 17

Activity of the Immobilized BIT/ZnO Complex in a Water-Based Flat Paint
Against Pseudomonas aeruginosa Using a JIS Z2801:2000 (E) Test
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The activity of the immobilized BIT/ZnO complex from Example 8 as a dry-film
bactericide against Pseudomonas aeruginosa DSM 939 was determined in ICI UK,
Diamond Matt paint, a commercially available water-based interior flat paint (40%
acrylic binder) according to the JIS Z2801:2000 (E) test.

ration again

T Pseud

monas — aer uyi

Oosa Il d

15 based interior flat paint (40% acrylic
bi nder) using the JI'S Z2801: 2000 (E) test.

was performed according to the procedure described in Example 16.

ZPT = Zinc Pyrithione
IPBC = dispersion: 40% 3-lodopropinoxy-buylacarbamate suspension concentrate

*BIT = 1,2-benzisothiazolin-3-one total concentration

This test demonstrated the efficacy of the immobilized BIT/ZnO complex from
Example 8 in very low concentration against Pseudomonas aeruginosa in a water-

The microbiological test

based interior flat paint (40% acrylic binder) using the JIS Z2801:2000 (E) test.

Example 18
Activity of the Immobilized BIT/ZnO Complex in a Water-Based Flat Paint
Against Pseudomonas aeruginosa Using a JIS Z2801 Test
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The activity of the immobilized BIT/ZnO complex from Example 8 as a dry-fim
bactericide against Pseudomonas aeruginosa DSM 939 was determined in the paint
described in example 15 according to the JIS Z2801 test. The microbiological test
was performed according to the procedure described in Example 16.

ZPT = Zinc Pyrithione

" IPBC = dispersion: 40% 3-lodopropinoxy-buylacarbamate suspension concentrate

*BIT = 1,2-benzisothiazolin-3-one total concentration

This test demonstrated the efficacy of the immobilized BIT/ZnO complex from
Example 8 in very low concentration against Pseudomonas aeruginosa in an interior
acrylic wall paint using the JIS 22801.

Example 19
Activity of the Immobilized BIT/ZnO Complex in a Water-Based Flat Paint
Against Pseudomonas aeruginosa Using a JIS 22801 Test
Simulating Severe Environmental Conditions

The activity of the immobilized BIT/ZnO complex from Example 8 as a dry-film

bactericide after aging against Pseudomonas aeruginosa DSM 939 was determined
in the paint described in example 15 according to the JIS 72801 test. The
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paint 0.25% of | 0.1% Example
IPBC-
dispersion *

ZPT = Zinc Pyrithione

IPBC = dispersion: 40% 3-lodopropinoxy-buylacarbamate suspension concentrate -

*BIT = 1,2-benzisothiazolin-3-one total concentration '
10 This test demonstrated the efficacy of the immobilized BIT/ZnO complex from
Example 8 in very low concentration against Pseudomonas aeruginosa in an interior
acrylic wall paint using the JIS Z2801 test simulating severe environmental
conditions.
15 Example 20
Actnv:ty of the Immobilized BIT/ZnO Complex in a Water-Based Flat Paint

Against Escherichia coli Using a JIS Z2801 Test
Simulating Severe Environmental Conditions

20 The activity of the immobilized BIT/ZnO complex from Example 8 as a dry-film
bactericide after artificial aging against Escherichia coli was determined in IC! UK,
Diamond Matt paint, a commercially available water-based interior flat paint (40%
acrylic binder) according to the JIS 22801 test. The paint specimens were prepared
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IPBC = dispersion: 40% 3-lodopropinoxy-buylacarbamate suspension concentrate

10 *BIT = 1,2-benzisothiazolin-3-one total concentration
This test demonstrated the efficacy of the immobilized BIT/ZnO complex from
Example 8 in very low concentration against Escherichia coli in a water-based
interior flat paint (40% acrylic binder) using the JIS Z2801 test simulating severe

15 environmental conditions.

Example 21

20 Leaching of Immobilized BIT/ZnO Complex in a Water-Based VOC Paint

A water-based low-volatile organic compound (VOC) paint was prepared
according to the following formula:
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3.04 20% Conparative 0.05% of ZPT 0.05% Exanpl e 4
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Pyrithi one | PBC di spersion: 40%
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?gr"ﬁﬁ el76,5 WD 2007/ 139645 FP&?%ZOO?/ 01p124
!Bmg:hfgéinemmo% wel ght comrent| oggar 21. 75 WAl ocef XM

0--060-P\—0—20-MHEC—+HPdi-fed——Cal-gon—N-ney—0-20
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Mill base 30 min at 2000 cycles/min

Mowilith LDM 1871 23.00% Binder-Vinyl-Ethylene-
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Water ' 5.40%

Preparation of test specimen:

The immobilized BIT complex from example 9 (10% BIT) was incorporated as .
the last component in the paint at the levels indicated in the Table below. As a
comparative compound, a commercially available solution of BIT-Lithium (Mergal®
K10N) was incorporated into the paint (samples 2 and 4) in the same manner. The
test paints were allowed to equilibrate for one week at room temperature. Round
filter paper (5.5 cm diameter) was coated with the test paints and the resulting
specimens dried at room temperature. The test specimens were leached by tap
water (9 liters per m2) in a beaker. After the times indicated in the Table below, test
specimens were taken and dried at room temperature. The total BIT concentration
in the test paint films was analyzed by HPLC after an alkaline hydrolysis and
extraction of the leéched paint films.
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Example 22

Leaching of the Immobilized BIT/ZnO Complex in an Alkyd-Acrylic Binder Paint

The test paint was commercially available Larco Type 147 (Denmark), a water
reducible top coat for wooden surfaces based on an alkyd-acrylic hybrid binder. The
immobilized BIT complex from example 9 was incorporated into the paint and the
paint film test specimens were prepared as described in example 21. After
equilibration, the paint specimens were leached as described in example 21. The
leaching water was exchanged after 24 hours.

Specimen | Antimicrobial Antimicrobial 24h ) 48h Comment
No active substance Leach-% Leach--
BIT wit-%/wt wet BIT* % BIT~
paint
1 0.3% of immobilized 0.03% 50 27
BIT ex. 9
2 0. 3% as water solution | 0.03% 7 o] Comparative
‘ of 10% BIT lithium salt Example
3 0.5% of immobilized 0.05% 47 36
BIT ex. 9
4 0,5% as water solution | 0.05% 10 2 Comparative
of 10% BIT lithium salt Example
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Thi s exanpl e denonstrates the i mobilization of the

Bl T2nO conplex in a water-based VOC paint film
waEx@nmpb®w422 i 0o Leaching of the I muobilized Bl TP@n082007/010124

Conpl ex in an Al kyd-Acrylic Binder Paint The test

pai nt was commercially avail able Larco Type 147

(Denmark), a water reducible top coat for wooden

surfaces based on an al kyd-acrylic hybrid binder. The
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Conparative " of 10%BIT lithiumsalt Exanple 30 WO
2007/ 139645 PCT/ US2007/ 010124 Thi s exanpl e
denonstrates the imuobilization of the BI T/ ZnO conpl ex
in a comrercially avail able water' reduci bl e topcoat
pai nt for wooden surfaces based on an al kyd-acrylic
hybrid binder. Wil é the invention has been
illustrated by reference to specific and preferred s
enbodi nents, those skilled in the art will understand
that variations and nodifications may be made t hrough
routi ne experinentation and practice of the
i nvention. Thus, the invention is intended not to be
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defined by the appended cl ai ns and their equival ents.
31 WD 2007/ 139645 PCT/ US2007/010124
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CLAIMS W claim 5 1. A nethod for making an
i mobi |'i zed 1, 2- benzi sot hi azol i n- 3-one/ zi nc oxi de
wa@eowpligge4Tonpri sing the steps of: (a) heating PCT/US2007/010124
2- benzi sot hi azolin-3-one and zinc chloride to refl ux
in a C-C4 branched or unbranched al cohol to forma
solution; (b) cooling the solution fromstep (a) and
addi ng an imobilizing effective to anobunt of zinc
oxide to the solution to forma mxture; (c) heating
MSi xture fromstep (b) to reflux and then cooling
the m xture to roomtenperature; (d) filtering the
m xture fromstep (c) to obtain a solid naterial which
Wesclgiie i nmobi | i zed 1, 2- benzi sot hi azol i n- 3- one/ zi nc
oxi de conpl ex. 15 2. The nmet hod of claim1, further

co the solid nmaterial from step

Wi ?ﬁ i@%@% 8p "umbaﬁeﬁeHZ-&eeelﬁeth'%n@rvwe@mc oxide
corplexalontbrigiigetheadtepgifgler vacuum 20 3. The net hod of

cl ai erein the ht to weight ratio of 1,

benlz{g%g;‘[ei’?;ﬁg o Peﬁzﬁﬂﬁi‘e‘i‘?‘ﬂ'é"%fwﬁé‘lq%sz’f‘?(%IIOJE’@U'P fefigg in a C1-Ca
bramchéd ot uBbranched Alcobbhiedfofmra stltiorg a di sper si on

concght . |

benz&)%o‘{oﬁli”g% 1; S“é“t!?ﬁ‘e;’)"?F"n%FeSXflda Q:doﬁﬂfi'é'g WApMQiizng effective
amcnquhs: oXide 25 tHengoltihomtonipriara aiptees soI ution of

d .
e o ARt ol ReBlfh RPIERRE 4 o deBllod Tre ixture to

QAN RRRFAMME an | rmobi | i zing effective anmount of zinc

OXIddS) tfﬁenﬁ%f)‘ e Q:lu Edr@ rfrdrﬂ s?é;f Q((:?(f%) oﬁt%ar{ %) §ch§ 15%@7%! @hich is the

.an e m xture mste
ek ?%q br- %}ﬁ*féﬂ'ﬂ'ﬁa@@ gfonefging ﬁﬁdgucprrmw

1, 2- benzi sot hi azol i n- 3-one/ zi nc oxi de conplex. 5. The

meth f cl H]% further conprising adding a

di sp@ i @8 {ONGRITHE FURhRY 8?'@pf'ﬂn9tV\é%§h('m thengplig material from
stdaf(damlthga @347 biabchd@ offiukbEdzhel diddHd! GRN- d@%gW@e solid material

2(907/ 139645 PCT/ US2007/ 010124 6. The nmethod of claim

FePn the mlling in step (c) provides an
|nnDb|I|zed 1, 2- benzi sot hi azol i n- 3-one/ zi nc oxi de

about o7 Henetut opfech; WRErhcTy: BE D pedigato of 12-

bernzigathiazolin-3-one:zinc oxide is from about 1:20 to about 3:1.

4. A method for making a dispersion concentrate of an immobilized 1,2-
benzisothiazolin-3-one/zinc oxide complex comprising the steps of:

(a) forming an aqueous solution of 1,2-benzisothiazolin-3-one and potass'ium
hydroxide having a pH from about 7 to about 8.5;

(b) adding zinc chloride and an immobilizing effective amount of zinc oxide to
the-solution in step (a) to form a mixture; and

(c) miling the mixture from step (b) to form the dispersion concentrate of
immobilized 1,2-benzisothiazolin-3-one/zinc oxide complex.

5. The method of claim 4, further comprising adding a dispersing agent to the
mixture in step (b) and a defoaming agent to the mixture in step (c).
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adj usted from about 400 to about 1200nPas by adm xi ng

a viscosity adjusting agent. 5 7. The nethod of claim
wd2o0mhsgeei n t he wei ght to weight ratio of 1,2-PCT/US2007/010124
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the steps of: (a) formng an aqueous m xture of

1, 2- BenZAihsometagdafnclainerts, wherein dheomiitieg in astep afe) provides an

lrhmmmbleh Z4 nge‘?'fzfs%%éz\’cﬁmaﬁgHszw%f o%i'd@cc%k)f%e« ?Q\H%Q a_particle size

UStIn m xture I n

d%&uﬂoﬂ ﬁ?@“aﬂ!ﬁm{t 088@1 %Wd /1@ 85% iang theevisgosityiraf the mixture is
aBIL@f@der&Pt a(ﬂ&xt t490 t@BFOUR ISR BY Q8nBORS %rﬁgc%'ég& ngjgstmg agent.

is immobilized 1, 2-benzi sot hi azol1 n-3-o0ne/ zi nc
conpl ex. 9. The met hod of claim8, further conprising

adgl mgdarrfb FRENEH NG t@&?ﬁt;ﬂ WHeMEIN métwg@?ﬂ b S/Péf@ht( ftio of 1,2-
and a agen o the mxture in ste
b3 eI ST & AGIOKic 18 TOR BP A -ERES ABPYI | 1 ot ep
(c) prOV|des an i nmobilized
i SO ol i n-3-one/zinc.oxide c | ex hayi .
part tl é‘ e& oaé? 's kB Po‘ﬁ'sp?@fﬂrb%ﬁ?e'g%rﬂ)%Si‘f%'m"%bﬁ'ze" 1.2-
b;éﬁpaoﬁfﬁoﬁb nmémmemcwmm ¢q‘8‘grér)1; chmpnisitiguithe steps &) ust ed
ro
i SckB Bk dn B8GR5 2 Ben Rt abfinSy- one..zipp chiorice,
aBd antimneohilizing effedtiyetardountesf girtc cn>ad!e o of 1,2-
benz I r X .
to a J\é&@ thg p\g-l' &Qﬁ? gﬁ\{@ %H &gﬁ (gb{o f?%?a%@kﬂg?%o %gout 8.5; and
conc@?’)tmﬁllrag dhe amixiurerdtsin i stepl (b) 20 form the dlspersmn concentrate of

.rhﬁ,%n@e& hi ﬁﬁehilgotﬁ.&egﬁ.@ LS/ ARE dRideQEh QX COMPr i Si ng

the steps of orm ng an aqueous m xture of
1, 2- ben2|soth|azolln 3-one and an i mobilizing

ef f eot iT¢R MBRHYAL oflair 8‘Quﬂﬁérd€om§|r§iné Bhdifg! 4 biRPetsiy agent to the
mxturefr m st e ormth ersron
"H’GtHEEeWtSTtﬁP )oqnd 5 H%%mlpg agent to the m|x ure in step (c).
1, 2- ben2| sot hi azol i n- 3-one/ zi nc oxi de conpl ex. 33 WD
2007/ 45 P P /01812 13, The thod of claim
12, f S RBR wsmﬂﬂs 8 i Héﬂeae'&. UBoraling BgsiRp (% Provides an
irhinebitizad Ut 2-bemzisbtpaiain-Aodeainte beiael 6gmpeRNhaving tdidarticle size
%@dé{oﬁ i’{ﬂgsénqeqq“ti h m]‘:fb"f éhﬁ)(ﬁt%/g \ﬂnfget leZ\hsnc]: 1|2ty of the mixture is
adjustsisi fromeabout 200 énabsuit 1A0rmPambB admefizg aviswositeadjusting agent.
conpl ex having a particle size distribution from

about 0.8pm 50% / 10pm 95% and the viscosity of the
m xt e The mgthed @f glaiomEbebereirpdhe oveigbtitto 1MeighPastio of 1,2-

bEXzi8Gazols-320re: SR8 Diid 18 Rlos hb&S PISR about 3:1.

12. A method for making a dispersion concentrate of an immobilized 1,2-
benzisothiazolin-3-one/zinc oxide complex comprising the steps of:

(a) forming an aqueous mixture of 1,2-benzisothiazolin-3-one and an
immobilizing effective amount of zinc oxide; and '

(b) milling the mixture from step (a) to form the dispersion concentrate of
immobilized 1,2-benzisothiazolin-3-one/zinc oxide complex.
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15. The nmethod of claim 12 wherein the weight to

wei ght ratio of 1,2- io benzisothiazolin-3-one:zinc
wo@z00da34685 f rom about 1:20 to about 3:1. 16. ANPCT/US2007/010124

i mobi |'i zed 1, 2- benzi sot hi azol i n- 3-one/ zi nc oxi de

conpl ex prepared by a nethod conprising the steps of:

(a) heating 1, 2-benzisothiazolin-3-one and zinc

chloride to reflux in a C1-C4 1s branched or

unbranched al cohol to forma solution; (b) cooling the

sol u#.odheraathodesf qlain 2Adfusitiar nomarisingrasising aidispersing agent to

[
R STl B G R O M PRI I 18,
to reflux and then cooling the m xture to room
t enped at vRe ;mehotidodsr tiaichet2 %ér@ﬁ fﬂex'i'rﬂﬂlﬁ% 'hoﬁbﬁt(@? provides an
) to obtain a solid material which
Wg'ﬁﬁB"BFW? zb%*bfnélssgv&%%lat%Pa%ir'iCnwgden@qrzplﬁa bayipe a particle size
dieriukien . frokd .abbe OBl Bhop T WL 536 andhRE 8Jidtdsit@ of the mixture is

ht ratio of 1,
a%'ﬁ%p’sf a&?g? #00 to A1t 1290MBasdy admixingh? Aissasity adigsting agent.
to about 3:1. 25 18 An |mmb|I|zed

by a lﬁﬁgt ﬁ%zﬁ)l%u Fﬁﬁa'% g ox'&fqe fv%p }Z‘Pn‘? faﬁgtgo of 1,2-

bamsmtbmzshxh—ﬁtonmzlné okid2- nb&nm amdtl 1a2Z0td abAst@e. and

pot assi um hydroxi de having a pH from about 7 to about

8.5; 30 (b) adding zinc chloride and an i mmbili zing

ef f et®.i Vi immehtlized 1z2-benzizotihéazotin-3-bre/gink LdXida complex prepared

&Rethl doth r&frﬁ&t"ﬁ "E)tééééé and (c) mlling the

ture fro form t he di spersi on
conc@atheﬁt'égo? 2- Iqewmmlaq@a 3-one and zinc chloride to reflux in a C-C4

branéhB8 BF uABFINCAZE blddndr RIBHR I \Soidd e conpl ex. 34 WO
2007/ 139645 PCT/ US2007/ 010124 19. The met hod of claim

18, (Merodlingtthe spbitiph frop fiargfa) and iaddislo an dmmobilizing effective
aRRDAL 604 az.aleltmﬁ’e smaf.arh fa:fo%léimtéré‘ rom about 1:20

to a

&Sﬁ;@ﬁm H‘%EWHF? §°%§FE|(HU%5&‘W§ Fshiee,cofiep e gixture to
rcﬁarbyerapmt\heﬂ conprising the steps of: (a) formng an'
aque mteofl ben thj azol i n- 3- ane,
cﬂfo&ﬁﬂ en%g ea{H"‘F%ﬁtzi‘B‘?’PF? 3 )e#q éE’ﬁ' vé& %‘?‘r’é’uﬂ’la%edfa which is the
inmobilized d2-bérisathiprsin-8@nclian®bikiaé dohtpie. xt ure in
step (a) to fromabout 7 to about 8.5; and (c)

mlling the mxture fromstep (b) to formthe
di sp#f.si Ohe cvathedt ofickirof 16, wherein the weight to weight ratio of 1,2-

benzisothiazolin-3-one:zinc oxide is from about 1:20 to about 3:1.

18. An immobilized 1,2-benzisothiazolin-3-one/zinc oxide complex prepared
by a method comprising the. steps of:

(a) forming an aqueous solution of 1,2-benzisothiazolin-3-one and potassium
hydroxide having a pH from about 7 to about 8.5;

(b) adding zinc chloride and an immobilizing effective amount of zinc oxide to
the solution in step (a) to form a mixture; and

(c) milling the mixture from step (b) to form the dispersion concentrate of
immobilized 1,2-benzisothiazolin-3-one/zinc oxide complex.
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io imobilized 1, 2-benzisothiazolin-3-one/zinc oxide
conpl ex. 21. The nethod of claim 20, wherein the
wowioghsoetd wei ght ratio of 1, 2- PCT/US2007/010124
benzi sot hi azol i n- 3-one: zi nc oxide is fromabout 1:20
to about 3:1. 15 22. An i mobili zed
1, 2-benzi sot hi azol i n- 3-one/ zi nc oxi de conpl ex prepared
by a nethod conprising the steps of: (a) form ng an
aqueous mi xture of 1,2-benzisothiazolin-3-one and an
i mob¥ i Thagnethpdcef glaimnbBinwhereinithe weight to aweighbyatio of 1,2-

béihixéétﬂ&zbﬁ@ﬁmr?g Hhé of(l"d@r% %ﬁpaéa)t Mcl: {&5%&3&%91
(0]

di spersi on concentrate 20 1 mmob
1, 2- benzi sot hi azol i n- 3- one/2|nc oxi de conpl ex. 23. The

et hag An FhoBii2Ed 1@%&%2@0%@5‘2&4&'ﬁgﬁelklﬂcvﬁélc@Eorrnﬁtéxoprepared

benzi sot hi azol i n- 3-one: zi nc oxi d

b&BdU?t%f dseMRSIsINgDE steps ofhs 24, A net hod for

pr ot @qtfbnﬁmg @ﬂb&hé@l‘a@ niiktare aptli behLiBbiRlazolh-BSéri, iRk chloride,
treath}gjthe substrate wth an

a%?f‘ﬁﬁ“&%ﬁﬂ) eé?tlf’@@lm thBIROW an i nmobi | i zed
1, 2- mrazxjmmng maapl-lldi-tr% amelze inCstey (seoTaipbbyul? epab&d 8.5; and

by acglﬂg g’t | az turc’e %%gﬁ g?%&g)pf%gorgh(ﬂa% cEeeoe[r%loa eqqn&;ntrate of

mrnolam@d m—b@msmtlaazchlaremmnelzm axidbednadieohol to form
a solution; (b) cooling the solution fromstep (a) and
addi ng an |nnDb|I|2|ng effective anount of zinc oxide

to t3k sbhatmethodoof slaima2@i whearein the)whight itmgwveigbt ratio of 1,2-
th
bR dthiRzbRRBLoHSANE BYidk Gs Fr8H é‘a%ﬁa%z gﬁ%&ggi ng the

m xture to roomtenperature; 645
PCT/ US2007/ 010124 (d) filtering the m xture from step

(c) 22 o #hMoBmEéﬂl i1ch. Héﬁﬁébtﬂiaz\ﬂhh-%bohe?zuheeoxnde complex prepared
[ mmbtbl ized 1, -benzi sot hi azol i n- 3-one/ zi nc_oxi de

b’éﬁl‘r"b? Qd cﬂg‘p“?m@ HESIRRP St cl ai m 24, wherein the

vei gfa) Farmined gﬁrﬁ é@ﬁé@@fmﬂdd}e &f 1,2-benzisothiazolin-3-one and an
- ONE: Zi nNc 8XI de,is from about 1:20

benzl.sot hi,azol i n-
'"Trﬂoéhﬂ[]? e@%itlvez@nogn tFHHOXIEP F¥bt ecting a substrate
f r onfbjumhiliivige theb hiktuien fresd &:]&p)(b)\/\/fd ¢drm QI@élmép%f@on concentrate of
th _an anti m cr

b
b PRl L et p R Yohaisi f9eg Sompiex.
1, 2-benzi sot hi azol i n- 3-one/ zi nc oxi de conpl ex prepared

by apdretfod ialﬂo&ot‘;@f;l ﬁ'lirgz beﬁersétlﬁqﬁl O\Leup ﬁl%fvg%lg taE%ho of 1,2-

an aqueous SO nzisothrazo

b@@é%éblaamn-amemmcdexmaw ﬂrgrmaqmtmzonoaamn 371.t o about

24. A method for protecting a substrate from antimicrobial infestation which
comprises treating the substrate with an antimicrobially effective amount of an
immobilized 1,2-benzisothiazolin-3-one/zinc oxide complex prepared by a method
comprising the steps of:

(a) heating 1,2-benzisothiazolin-3-one and zinc chioride to reflux in a C4-C,
branched or unbranched alcohol to form a solution:;

(b) cooling the solution from step (a) and adding an immobilizing effective
amount of zinc oxide to the solution to form a mixture;

(c) heating the mixture from step (b) to reflux and then cooling the mixture to
room temperature;
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(b) adding zinc chloride and an i nmobilizing effective

anount of zinc oxide to the solution in step (a) to
wo evomiaoens xt ure; and 15 (c) mlling the m xtureCct/usmo7/010124

step (b) to formthe dispersion concentrate of

i mobi l'i zed 1, 2- benzi sot hi azol i n- 3-one/ zi nc oxi de

conpl ex. 27. The nethod of claim 26, wherein the

wei ght to weight ratio of 1,2- benzisothiazolin-3-one:

zinc oxide is fromabout 1:20 to about 3:1. 20 28. A

met hiel fiitering the evixturg feors byt (et ® bbtam ansdlid miatdiadlwhich is the
i [ Ji : [ . at.ing the substrate
A e a2 BN B35 s an

i mobi |'i zed 1, 2- benzi sot hi azol i n- 3-one/ zi nc oxi de

conppex PRERALBRAOYF Al M!J'w{\‘ﬁ‘fr}lafem:)tbéi\ﬂ@ighﬁo%&ﬁﬁt tio of 1,2-

25_(a%. form ng an agueous nix
banzisqibiazpliBting:ane axigednfompabautdh2®id alsgut 3xhd an
i mmobi l'i zing effective anmobunt of zinc oxide; (b)

adj usti ng thlggﬁH of the mxture in step (a) to from
abouf®-7 A Breditrs forgorstecting a sstirite [fiang antinierpkialiindestation which

cdrpiRes @Ralifg the 5o ayith SHEMRTceBRAF b F&tGe %dmount of an
. mm,f)l I ;I%bl, 2- benzi sot hi azol i n- 3-on' e/ zi nc oxi de

imiBRbliese sbabsqhiEAolp RRNGHInG | aNidR ZOMHREPERRRrEREDY a method
compidgihg thie svepgldf: ratio of 1, 2-

b i sot hi. | i n-3-one: zinc oxide is.fraom about 1:20

Do 5} 08 S s G ost b SrerisesugHs Bnd o8 ane! potassium
hyiiroxitie davingra pHdftam tabogt 2 ts dbsitraase from anti ni crobi al

w1 1(ER Al AL Ehor SR ¥ B b BT nadkrieetge Bifpunt of Sinc oxide to
theraehfioniin stepl(a) -th form 8 mvikiuaz, @nidn- 3- one/ zi nc oxi de

go?gcﬁﬁiﬁﬁgg%%gﬁigéhe: (f)r'égrl %Pe ) &Iof)g{?gférfcﬂ 'f\‘ge td?s%e%igﬁ Sco?'\fcéntrate of
innptzbie‘y@dzi@dqummianommem @xide icompieX. | zi ng

effective anount of zinc oxide; and (b) mlling the

mxture fromstep (a) to formthe dispersion
conc@nt r Hie regthod nefpeliaim 226 wherein the weight to weight ratio of 1,2-

beh2zidaaRZoIAPEIHINRZANE Bxi i i to 31.
Tﬁze met hod of nglﬁ%aggéwmﬁéﬁeﬁu?ﬁéﬂﬁm%%@t??'mi ght

rati o of 1,2- benzisothiazolin-3-one:zinc oxide is
f r omgabpuinelictfdr prafRilhg 3 dubstate ABnRBhIRRTLSE] Mestation which
cSQMmosi ¢ior tqﬁt is suitable for providing )

TTagac rling the sShatAlE JHUT e nhmigrebially fiastivel amount of an
impostplizedl N@-BerziSStRkiz6Mi-BLoeptihd oXideh @oMMISh phdsared by a method
comprising the steps of:

(a) forming an aqueous mixture of 1,2-benzisothiazolin-3-one, zinc chloride,
apd an immobilizing effective amount of zinc oxide;

(b) adjusting the pH of the mixture in step (a) to from about 7 to about 8.5: and

(c) milling the mixture from step (b) to form the dispersion concentrate of
immobilized 1,2-benzisothiazolin-3-one/zinc oxide complex.

29. The method of claim 28, wherein the weight to weight ratio of 1,2-
benzisothiazolin-3-one:zinc oxide is from about 1:20 to about 3:1.
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1, 2- benzi sot hi azol i n- 3- one/ zi nc oxi de conpl ex. 33. The
weoempasiess on of claim 32, wherein the weight tRCTESZT/010124

ratio of 1,2- benzisothiazolin-3-one:zinc oxide is

fromabout 1:20 to about 3:1. 20 34. The conposition

of claim 33, wherein the weight to weight ratio of

1, 2- benzi sot hi azol i n-3-one: zinc oxide is from about

1:5 to about 1:1. 35. The conposition of claim 34,

wherd.n A methasl fantprotecting ghsubrsitaite fraln AnBmicrobial infestation which

o ab@ﬁ&g?g%ﬁ%'tgg'&&@%@iﬂﬁm Q«fﬂ %ﬂti%?‘crgﬂigm/ aeqpe%rtivel :a?mggnt of an
immobilized 1,2-benzisothiazolin-3-one/zinc oxide complex prepared by a method
comprising the steps of:

(a) forming an aqueous mixture of 1,2-benzisothiazolin-3-one and an
immobilizing effective amount of zinc oxide; and

(b) milling the mixture from step (a) to form the dispersion concentrate of
immobilized 1,2-benzisothiazolin-3-one/zinc oxide complex.

31. The method of claim 30, wherein the weight to weight ratio of 1,2-
benzisothiazolin-3-one:zinc oxide is from about 1:20 to about 3:1.

32. An antibacterial composition that is suitable for providing antibacterial
activity on the surface of a solid comprising 1,2-benzisothiazolin-3-one which has

been immobilized as part of a 1,2-benzisothiazolin-3-one/zinc oxide complex.

33. The composition of claim 32, wherein the weight to weight ratio of 1,2-
benzisothiazolin-3-one:zinc oxide is from about 1:20 to about 3:1.

34. The composition of claim 33, wherein the weight to weight ratio of 1,2-
benzisothiazolin-3-one:zinc oxide is from about 1:5 to about 1:1.

35. The composition of claim 34, wherein the weight to weight ratio of 1,2-
benzisothiazolin-3-one:zinc oxide is from about 1:3 to about 2:3.
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