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WO 2007/ 139645PCT/ US2007/ 010124 | MMOBI LI ZED

1, 2- BENZI SOTHI AZOLI N- 3- ONE BACKGROUND OF THE

| N\VENTI ON Field of the Invention The present ,

W@y@mﬂ%mj provi des novel antim crobial i mMDObipkirgRshe7/010124
1,2- 10 benzi sot hi azolin-3-onée/zinc oxide conpl exes

useful as preservatives because of their resistance

to being |l eached fromthe substrate to which they are

attached.. This invention al so provi des substrates

having antim 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

(PVCO), 15 lowdensity pol yet hyl ene (LDPE)

| ow-density pol yethyl ene foam plastisols and

pol yur et hane. Description of the Related Art 20Many

materi als tha ' | St re

rone to dest MREELIZEE 1,208 ots AP BN R

m cr oor gani sns i ncludi ng fungi, yeast, algae, and

bacteria. Consequ R%Rébﬁ'tﬁoksn-?eﬁi\ﬁéﬂ‘nwd for an

ef fective and econom cal neans to protect such

materials fromsuch destructive attacks for extended
periods of tine. ComrelrgéidlofiRé GivenltionWhi ch usual |y

require such protection include, for exanple,

pl astics, wood, wood products, wood conposites,

pl ast i Tnev\umekaefrmmwmels prodidésd nivabt antictobid dimmobilized 1 2-
'I?e‘n%sb%fa%uﬂ%&ﬁ{%z:hé’y&cpec %81‘:1' s Weh eéi SP&%%W&S because of

teria ased conpositions,

dheir ssisiancertediaing leachraBom dom sekstiate i whish thaygye attached. This
ald\'ié?ﬁbﬁ Efiso prolided Qubﬁﬁxiéﬁiﬁhﬂng'eﬁﬂlhh&bblal eAdté&ion including those

ni shes, ,soap wrappers, cka mat erj al s,
ik reze W dprbbSRRRS ug RSE 3 sl Ridvges. bt et resticted to
“qglogeter icoatings) syl composSies redi plasticdestichess palwdnylhehloride (PVC),
| eg8), i3 tAdhgt 5GArR! plastisols, and
ib%g:}epglty M fo ry em}s%ﬁ ltéFést )r'ucﬁégrsg ﬁd\% ﬁﬁéﬂ?l gérg'l g!)astiso =, 8n
WetBRBet o i nhibit the growth of nicroorganisms on
the surface of the comercial materials to maintain
hygi eni ¢ conditions e e, .h jtals, WO
2007/ 139645PCT/ UszoE”ff‘STB@ °Eg'?r22¥§?’a§%8i&eni or care
institutions, food processing facilities, airplanes,

trai nfﬁnar@%%na@rmaf S itS -contact with I}Kbis?th@él% prone to destructive

antim crobi al npound provi des protection agal nst

Atlacks EV@oV@fm ﬁ#é“'&?oqf%a%%m Ilyding, fung), veast, algae, and bacteria.
mﬂisleq&ént@n&herbnlsad%réaﬂﬁeé@ for rasht @ifddling dndc esniitalgneans to

sclfg’rgl fﬁ%‘s}’l TI'EE s, Q'E]n]ggt ' o?%t'g@c Ve 8&?%‘%@3’8 ggeinded periods of time. -

mmﬂmbs::alrmg@halsowyzcbmausewmurmsucfepmo inciude, for example,
kQ%@%dI{ Wod .%ﬁc&nwoaa%ﬁﬁge&esce,m&%od composites, molded

mcro at are suit e I n mn I'i cat'i ons

rPéﬂﬁt'ﬁ%t bying magnas. PARSThEWS a SRAtINTS PEstain beRed anatenials, starch-
ttﬁ\@é@f Qérﬁpoﬁtimdlrﬂ@ d@ﬁ&lbi@ﬂs NQu§ihs, astictbCrapte, stone, wood

FRPREYER. ol geml i e, BBl SReLEE g fragpers. packaging
m‘ﬂ"ﬁﬁoﬁs'ﬂ ‘ﬁnph% eﬁbrwemerdangal caetiedr badkinggr @lactrical insulation,
Qﬁédléﬂgg#,,\ggs l’gngtﬂgqlg@nl sm attacks and inhibit the

m'cr oorgani snms on the surface of the
Commﬁma@ﬂlttmmrpgﬁcgng commercial W%‘ﬁ? e guch destructive attacks, it

AtdidH eeebhiAd: thSinhibd- @@néﬁow TBfa:%Qerd? e drBkhB surface of the
BIT and, its water-sol u

SPIEPICRL BASRaC. GPTTAB: RMa'pie, FRPRS Jit R oftefaple. hospitai,
bactericide is needed to prevent mcrobial spoilage

of water-based technical systens |ike mnera

slurries, polyner emulsions, inks, paints, stucco,
adhesives, and the like. (See, for exanple, W Paul us
"Dictionary of Mcrobicides for the Protection of

Mat eri al s" pp. 664-666 (2005), Springer, Dordrecht)
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al cohol, glycol, or water solvent. United States

patent no. 4, 871 754 di scl oses the use of aqueous

formul ations of the lithiumsalt of

Wwo2ohasgisot hi azol i n-3-one to Anti mi crpeRjtRboo7/010124
conpounds that are effective as film preservati ves,

such as Pol yphase(r), a 3-iodo-2-propynyl butyl

carbanmat e conposition, remain in the dried coating

and can thereby continue to protect the coating from

m crobial growh. Polyphase is mainly effective

agai nst fungi and m |l dew. Accordingly, there is a

need for an antibacterial film preservative having

the toxicological profile of BIT that will not |ose

its efficacy over tinme due to evaporation or

| earshriery se(iSe eany/ inglitnifhmsy faod praesssitgfaghies, kitbipBehdmins, buses,
vgﬁyﬁ{qﬁﬁ von KonsErV|erungsn1tteI in I

| 3eschi.cht ungsst of.f en 1998 e ag

WLt RherSTRIE » SPVERORST o PP By ProYEEsT ghrofdggon ageinst  all

Pmidresryeoismal ohbisesuitdide 162 0O apphtvatiBas | uSn(axdi:)ltson to limitations

S%ﬁéé?rﬁ %ﬁff%y%%h r%l%ﬁgnél‘}lgﬁgyc% o d stab}!ftb %\B’ﬁsncal properties,

aspec ere's provi enzi Rf 876
otoxigolngiaal t prsfileof reawiateryt @pnsidaratiang, h&FOWmﬁaS?OBé'éﬁrat‘ons “and

I gﬁﬁﬁnﬁieﬁtﬁl %n%ér% RtiiferodRRy BahatesuitBicdnt mhly appllcatlons may
rat1 o.o

o, Ay i pirgt Sppiaions. hreais, et Tots SRS fdpesiop novel
I antimiorobiie dompositivdihat wir grpeitie lpgotamdmmﬂ)«rdrlez;ed‘ applications and
uf? J}eg Zvasr%%E O?Z%Hdﬂloﬁ? O{?Jelplzdt&gl Q&hg&&é} "an‘?éﬁ s from destiructive

conprising t m xture
| rdgroeragnism afﬁaﬁkﬁuandzﬁnh@itethﬁafpw’&heofamwg@mlsmﬁrfm the surface of

Oeddmarcii Hzferndiase 1 ncl udi ng water, a G-C4

and. it SR LEPO BTITEaAL RSB GEa Ol g I, BIT and it
plvatee-saluthles alkalt tresdaifgatts) dlzeoftprotng Moaidess bf dg::m&‘-f when an industrial
b%ctgﬁc%é E‘R‘{% 2 o+ P%v%nﬂ@rﬁ:rotﬁﬁ (ftp&!%e of wat based techm%ai systems

enzli so one ur es ere
phl@cmmeraitsinwgea melymeriandsions, anksa gaipts, ﬁwcm sdihesives, and the like.

(BRI} Z8@mbi? - PENZARGS PDREBhAY- §I” VEbBicies Ot Afe Protection of

C&%?fﬁj ?eg%mgéﬁ?#db§&w§mg'gﬁf g:{ﬁ?d l)iug;alsng élfnsl nc

chl or i @&, ard i shitsoanedesedzprivgaridy @t Hquad systemsfsuchatsan the coatings

af?lg{.lﬁtb?&aarﬂtg %Fﬁépet@))(té’ﬁeé‘n& @gﬁi %u?ed alg\AfE' ch!uswely as “In

aspect rovi de
beary mg%watz«@ﬁ ta -peotegha lig P'ﬁ d’%’)&l\’tfé'eébmﬂa&t ) F'efb&r‘é’@ltaéner before

bﬁn@BMn Spﬁ]fc?ﬁ&e et fépld:& l%&d dtgfpgd’tté& A6 @B&ting from mickdbial growth
el aspec V| e
ﬁ?ﬁ[ EF'?? Eﬁeggbaléqcr} {? afgs&lgﬁﬁ Bﬁ gBY Lﬁacga% Rt of the dried

D:@atingﬂrd is a novel antimcrobial inmmobilized 1, 2-

benzi Sl%i{éaaé%késn ggteﬁp ﬂf}z b%s%ﬁsﬂﬁ {I@e-g gc'ﬂ‘% & an%r?zt)fgo?hlazohn 3-

useful ~as an agent's are res
benecfol eachadedusomadie Buipsetedt dha GawePeh adig fem infection by

Qﬂlsﬁllss Uylicd Cétﬁ@%%a@érﬁ noel hed 5@2%‘2:!‘5:3&{5@3 FMatAGsalt complexes

AfF G
oS DSy poLL A1, DS PAHEEL roperios
BUHE:‘t&ﬂ@t@t@ﬁ'pﬂ)aﬁéﬂB nbO 4] 188,376 discleed i mbcigdlovdripdlitions suitable for

RlER o8 e MalBRie s IR sl Bt AR B fygrigecd pains

atempisiiy bedlotion r‘éaafe@lkﬂhtmetdhesam a1 ZAaeispthiaadn-3-one in an
Aéné@mﬂl @ L&Sﬁpm@wf &w@.@s'm@aﬁﬁgw StHd. 4,871,754 discloses the

sot hi azol i n- 3-one een_ i mmobi || zed
V\P%Eh 02 ianegys dermyipiqns PESRIbyroNeal- o HE-BRARFigZolin-3-one to
Figure 1 is a graph showi ng the infrared spectrum of
1, 2- benzi sot hitazolin-3- ong (BID. Figure 2 is a graph
showi ng the infrared spectrum of zinc oxide (Zn0).
Figure 3 is a graph showing the infrared spectrum of
a BI T/ ZnO conplex. Figure 4 is a graph show ng the
infrared spectrumof a BIT/Li salt WO



has been anal yzed by infrared spectra. Figure 1 is a
graph show ng the infrared spectrumof BIT with a
strong carbonyl band at 1645 an-1. Figure 2 is a

graph 20 showi ng the infrared spectrumof ZnO Figure
3'is a graph showing the infrared spectrumof a

Bl T/ ZnO conpl ex. Figure 4 is a graph show ng the
infrared spectrumof a BIT/Li salt. The infrared -
spectrumin Figure 3 clearly shows that the BI T/ ZnO
conplex is not a physical m xture of BIT and ZnO
because the carbonyl band of BIT at 1645 cm1 (Figure
1) is missing. The imuobilized BIT/.ZnQ Conplex |is not
an aAktithicrobd coatpoundshiheh eifﬁﬁyﬁe?ﬁ ﬁBV qugg.nsuqh as

HybRadd?® o SIdRIEBCRORA bitiabamaldl drbpositn, réfikaunthe dried
o o ey ROt 184, AT R A0 o

PeRpbasa®is! Rainlyi eftectivi agsiastefuogigant wildewonAsaordingly, there is a
n

[ | ved. But t. in : ' i
oo for,an soRareRay Bty PR sk ORploATHaN of ST that
. it dose itsyefiicacy lover i ges fsravaperaiianypiigaghing. (ras W. Hpdner in
. ondid b 0 r i s thgn comKopaevictaRRamess in
%qe‘?{%%éﬁ-éméfﬁ%%}% e. e?%rﬁfﬁ?g Bl Té&i Sg,g%al\ﬁ/’ the bands of
Besehigbitangsstofeno (198X Txperd MeriagoBd Sy Vo HIWPE: b Jiecory ©
M?eré?'bﬁgs fohithd Prdtéctich@r MeibHZi Q2008 Ve Pdunes (edn8prirgletine
BIT/Li salt -at 1055cnll and 880cm 1 are m ssing. The
infrared spectrumof ZnO (Figure 2) is void in the
infrared range, tSUMMARSOBFHRINVENTBON om hunidity
(approx 3300 cm 1) or organic inpurities at the high

4 WD 2007/ 139645PCT/ US2007/Q10124, . concent r af |

The. GO TRECOHTEES 1S PFRAH 1 APEN SEBERR TAMECh S Rghereof

chifeb B S b GeBR R SUATOL AL B0 wheran e weighto

WY PAtISafSL 2-bEcasphismliA-3/nestigoedde is ram BT taBst be

conpl exed on the ZznO. BIT may be 'imobilized on ZnO

sur f adesnbihepasrsichitherei ingravidesra gsthad @ ergppangan, fmmobilized
BIT, especially alkali netal salts, onto.,Zn . :

: 14\%li;fe_r1.z|s qzﬁﬁn-émﬁl%csmagg @W@qusc&mﬁlsg'gz'fh%cgg%ﬁ_ {31; por]pwdlng a
nﬁ{t-tl;ré \QﬁicH il dROSR il ImRBing S chbd S M1 AR oxddeR 8 liquid phase
rom de, zinc acetate, zinc formate, and zinc- _
it dirad Wwated, ReC, 1T, Oesdhed ot entpasghad alcohel, brawbikture tereof; and an
Bl T/ ZnO, conpl exes can var¥ w dely. A water-sol uble

]

" agtinicraifialBagent adisssdvegr cthy figuiddpise 0anth selegtadaramyithg, group

reformed zjpc oxide eutralizati , .
BRI S otk Bedud SaRolfergin-one, and

|,T- ot agsi t ; X afRtiMickbidin Qzamd ténftod
TR0 R, 0 S gy Guan it

iflebliaéd Z2renkibethiuzisliniB@ne Aliticsuxidet donedlgx, aBd Wwhardinzh©mixture
can be adm xed directly to formthe BIT/ZnO c_orrpLFx.. )
irelirdel ey zing WM%SQ%G%@% e §'|'°l“8tcé’65'6'ﬂ“3 REzinc chloride, zinc

reforned Bl T/ ZnO conpl exes.. By 0QSd ;
R BPARGRG Te COTPTB o %Fg%ea?‘t%i ifkedsg® hereof
anti i gf RRkAlsp QMPRRHOA plovida infifobiided At bdh@ollidZolinG-
conpl exes may be prepared as solid materials or as

oflk SiiRIcxidercoapiaeprepabble hysinggne ofithenbéthnds asidefned sibave.

t echnol ogi es. The-wei ght -t owei %ht rgti oof BIT tg?jzngeﬁ b
in t eandhe asrednihepispap idedheyse 81R FOMRESIHAR f1 Ceifrigd above
appl.i cati.gn of the final product. The particle size
aég’[?ft"ﬁl&“gi'%/aﬁﬁ%‘conpl ex and the viscosity of the

Bl T/ ZnO conpl ex in the di spersion concentrate may

al so be adjusted 20 to suit the particul ar

application of the final prodluct. Higher weight to

wei ght ratios of ZnOto BIT result in a higher

tendency of the BIT/ZnO conplex to be i mobilized.

The particle size of the BI T/ ZnO conpl ex can be

adj usted by mlling and can range fromthe nano scale
(approxi mately 10nn) to several hundred microns. In
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octyl i sothiazolin-3-one, chlorthal oni
(2,4,5,6,tetrachl oroi sophthal onitril), bethoxazin
(3-benzo[ bi t hien-2-yl1-5, 6-di hydro-1, 4, 2- oxat hi azi ne
4-oxide), ziram (zinc bis(dinethyldithiocarbanate),
thiram (tetramethyl thiuram disul fide),
2-n-butyl benzi sot hi azol i n-3-one, and silver and

sil ver compounds such as coated silver on zinc oxide
AirQual AQ00, conmercially available from A rQual
zinc silver zeolithe conpounds, commercially

avai l abl e from Ci ba, silver. chl ori _titani um
| dioxid%hé%ﬁ%B?EP9?§9“5W5¥ﬁ%ﬂﬂ@ang%§%ﬁgriant, and
BhhNSHthiaRANCa-8AdkMCS bkider [BITZoM ecanpibxss apaf ad eantimicrobial
from UX. The .antlimn ' i TR ighd ltdnfhich th
BOr el At AR, BObANG ool TUAP thé L6t téibicn ey are
avaqhledxAlom diseipsedairg meshedsdperrgAringthevapor ati on or

E%n%emgéﬁﬁ YicOBRGIn® I efisicest frapared Uy tita mseelt inethods, to

ted fromthe surfage .of .
Miednasia R HEPBIPE B TRCLRTR RS ap 1B HEg b B reduce the
RABY b @adtetih hac trer badfadeyofi 2 substoasat ang o Subststes Reacted from
such as in hospitals, senior hones, kinderg%rtegf disclosed are
intmobipk edadi hy heing treatedd wihatheaBE(ANQ sPmplexer- fl@gdisclose

Bacteria comng.in contact with is h ' it ;
empstian ooy bhbepruRanedinGrorf e Bt T mobilized with
antggg terial agent. Such permanent anti m crobi al
ﬂp%per'ies can suppl enent cl eansi ng and di si nfections
procedures at GRIEF QESCRIFTIRNOF BHiE DRAWINGSe

antim crobial imobilized conplexes can al so contro
biofi | mformation on the surface of sealants such,aﬁf 3
i n waFigores 0 iplaygreph isbawingthe IRfredSeRERITyPr 1,2-benzisothiazolin-3-
iﬂgyghiized conpl exes further provide an

antrm Crobi al 20 conpound suitable for use in

hygi eni ¢ surfaces that will not be burdened with -
undesgigakl 2 i RPhishewirgthe atitaesd spactumfofalricaixide (Zn0O).

anti bacterial substances used for such purposes.

Addi tional materials which may be coated with the

ant i nFigurbs & a graphishomingdhBinfarerRESHEMSE BBITHNQ grmMplex-

coati ngs, plastics, wood products, wood conposites,

pl asti c-wood conposites, nolded plastics L di

mat er Fighee 4 isa@grqphmowwrfbﬁ!fﬁ‘é'é%ﬁs'?ﬁ‘fﬁFﬂ'S’s‘?fﬁb%h‘J&' salf
adhesi ves, stucco, concrete, caul king, seal ants,
fabrics, and cordage. I n accordance with the
present invention, a nmethod is provided for naking an
i mobi |i zed 1, 2- benzi sot hi azol i n- 3- one/ zi nc oxi de
conpl ex conprising the steps of (a) heating

1, 2- benzi sot hi azolin-3-one and zinc chloride to
reflux in a C1-C4 branched 30 or unbranched al coho

to forma solution; (b) cooling the solution and
addi ng an i mobilizing effective anbunt of zinc oxide
to the solution to forma mxture; (c) heating the

m xture to reflux and then cooling the mxture to
roomtenperature; (d) filtering the m xture to obtain
the i mobilized 1, 2-benzi sot hi azol i n- 3-one/ zi nc oxi de
conpl ex. The nethod may further conprise washing the
solid material with a OL-C4 -6 WO

2007/ 139645PCT/ 11S2007/ 010124 branched or unbranched
al cohol and drying the solid material under vacuum
The Cl1l-C4 branched or Unbranched al cohols may be

sel ected fromthe group consisting of nethanol,

et hanol n-propanol, iso-propanol, n-butanol,
sec-butanol, and tertbutandi . Preferably, the Cl-04
branched or unbranched al cohols are selected fromthe
group consi sting of nethanol, ethanol, n-propanol,
and i so-propanol, nore preferably, the al cohols are
met hanol or ethanol, and nost preferably nethanol.
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o amnes, and is highly soluble in organic solvents
especially al cohols and glycols. BIT, and its

wat er -sol ubl e al kali netal salts, are useful to
woeyPRAkosd Crobi al spoil age of water-based teqi#iigabero10124
systens |ike mneral slurries, polynmer emnulsions,

i nks, paints, stucco, adhesives, and the like. BIT is
di sclosed in United States patent no. 3,065, 123,

whi ch di sclosure is incorporated herein by reference.
15The i nmobi li zi ng agent used in the i mobilized

Bl T/ ZnO conpl exes of the present invention is
commercially available zinc oxide (Zn0). Zinc oxide
has a nol ecul ar wei ght of 81.38, exists as a white or
yel | owi sh-whi odorless mder and is practically
i nsol ubl e in \59% FIQ%QF%%N%EEMH% may

al so be enpl oyed. Nanostructures of zinc oxide are

d I hal

stcp%@g %‘% q,lgt/@'ojhscgb Fﬁé%t: fg@l %&lﬁﬂg‘éplag? t(12 % g:leéleﬁothlazolm—
b@,—op@f@fgh can be igynepilizedc by whdmixinge the eam[mlcrobral agent with an
smﬁ%ﬂili% eﬁbﬂb@%uﬁ &t Afc 8&13@?2#\(?}3 Wﬂ&t \Qfshi;@q)o 'v& bound by

3% VY] an?l; forman, i.mmobil1 zed
QPP Rﬁ"ﬁs BYS At Hy timitiop aawm fB? "zwebnllémg agent are
asubmw ua tare bft@ctives rtéracticrynihibi msmsisemammmmm@ it antimicrobial

E}Ec, g%l'q-rtﬁe.p ngﬁﬁﬁnliy t'elnlalése ?e a%'gg tsg g’nB'b ﬁ}?ds%trates to which
rtbﬁe aggf appliedn By andrmn bxide maydomm ahmcet bdseatoragiextnd additional
e é@@é By &Ep%sﬁ‘ ﬂQéh“érle?\d t@@ﬁlthé'dagm%fé}h Wher ratios of ZnO

depend upon actors inclu

. oP Rfh&egylisdp raaif!'@h?foteaéewo?féb% BUT/ERE ¢mep %h:db@ ﬂfﬁﬁ‘@b"l?-ed This

dimthabilization Retafdst drireudisie leathinghoft the aitﬁhﬁ&rblﬁbﬁage%t and results in

e FlSeBRPHORS b SIBAT L LR 2T R

tvasn thg intmobilizingnagbnt iszxiti pesaft. tThe 86mbinktion of did ahtimicrobial

a:%%ﬁ% a%ﬁha‘f@%f:@%n%@%&& f}(o\é&hﬁggﬁ%%&ﬁg%l olﬁérprﬂar to improve the
dmimakilization af thﬁg’é‘ﬁt‘m"@@é’rﬁ%@t By argobetratgr e known and

avai | algl @ttdﬂlt WFlg%kéd hagl ﬂhé‘ sirlti@tu@ &f th@ﬁ%r@ﬁﬁnz&@tm?ﬁno complex
in the exa @ect on , of i scl osure. Thu

dEBdmRmg e By Rre rsgecﬁe Mgt s B axs% Showing; the infrared
(sbearﬂ'mefCBﬂ'aWItbea etropy [wadatyl bandjahdsab, cnﬁ he Figure 2 is a graph

SR bl W bl 8 AT B b P skt Bhowlo the infrar ed

precigrasifya BiTHenQuspaiplexy Figweghis a atdph abrbwmgﬁthﬂrared spectrum
Wt | BIRLIf @M 'ﬁ@ﬁ\tfrailecﬂ-g ééln@tb%ﬂf—‘lg%rela cff&f L acEYseﬁ'%p'tﬁé BIT/ZnO

from about  1: and _nost
B{ﬁe@sg‘nqt@ ‘gﬂﬁlﬁ‘?‘ @l@urelig,ﬂl‘ﬁ @pggggb%qaqsg,tge carbonyl band of BIT
iah 1845 con, (Figumerd bis| miselngrrEe irafbblliee s8I BEAD cfth:tex is not an alkali

Al AEen R SR ) B8 palEh Bl e et Gecfi S5, sa

‘ |(F!§Ui”e 4. gT'a@mfréfeq)m%ﬁrBI of thé Ichmbbilizerh BIETeO\cosglimbhrd the BIT/L

'sQlt Widbe Yxp E&EB 380 Qe \he\?‘ & Pnifar %mcbdch@sZn{eZ&ﬁaﬁ@ rg?'}lcﬁ—rls involved.

::ﬁelnaccor ance wt his inventioni1s s

fsinfrereshepectamidha fmmebiired BIEnPycommex andee BHTILI salt are
wﬁfegéﬂt @fsp@aéﬂyanﬂl theaﬂﬁh@rfmﬁthaégncgp&& voban€0ith1mcm which

ttach d
i e SO RGBT etf e STARI R e TBtne ShLL! s, the
ben@a ot thet BEGERQ Ctmnulébe aZ 80D a89P aurid TE7ciTe asd Hiighing, while in the

PR K0T i TS TR, g g’ i

- pbeViBEaredhepackuEl Chebh(Fi 'ﬁ)‘f“‘-‘@)‘l’isl void fire R WifEn@ range, the bands
. paRheXard thoh NRinAaRE REp@bx " $300e cnB) or(didatic i?npl}r#lss at the high

anmount of BIT soluble in atpredeten1ned anount

nmet hanol ) is the anount of “immbilized BIT in the
Bl T/ ZnO conpl ex. 15The HPLC anal yti cal nethods
described in the exanpl es section of this disclosure
provi de a convenient way to analyze a BI T/ ZnO conpl ex
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.30 is immobilized woul d be suitable for many

applications with about 50%to about 100% bei ng

preferable, with about 70%to about 100% bei ng nore
woebernadhe and with from about 90% to about IH8%s2007/010124
bei ng nost preferable. WO-

2007/ 139645PCT/ US2007/ 010124 In general, the

i mobi li zed BI T/ ZnO conpl ex is prepared by

precipitation in a dispersion concentrate in a

particle size, which is sufficiently small to be used
directly in a coating material. The desired particle

size of the BI T/ ZnO conpl ex may depend upon a nunber

of factors including the nature of the substrate to

be protected and 5 the conditions and duration of
coneeniiadien. \Wiiecéorbipatiwrbef thatiefrared gpedra hEigpeast 1-¢ltegether with
Szrhe.z q—nﬁLcJahﬁly%sT/o%n (Rt S%tra”&{b‘ @esﬁdJaHat %@a:béw -, after hydrolysis

and. canh ra

- Teidils 20 ettt Bt Tl £ commierdion Bagatar

hundr 8" mayr e gnmbhitizehon ZebDesiwatares bl drédpiBlihg Zdter-soluble salts

3F L P EpRal AR o) Bal Tond 2, B iBiken comprrise of weter

yb}eaﬁg@ Sﬁ}t@@f El‘b inclisipothpsegfammed wivginashleride, zinc bromide, zinc
REeES, A fdririe, %rﬁpﬁhé%‘ﬁ‘a(te bR GteditE tH‘b?%pare the immobilized

erabl from25 %/ 4pm 95%
%ﬁ-ﬁ}g ?%;X;a?xefsh%argy Z‘H %o %tﬁr-a?lgalgr%q{tdqﬁ BIT can be precipitated
oot thel’ safacenaf abgrefutined tAe: beidd &}Wﬁ@ﬁtreﬂilz:ét&ﬁ bf/tﬁenstﬂutton For

_QQ%P?’F ARt sobltfin £ B Eabs iy 9ert Pe Seirstavify 2n0 ana
zn@ndr et BiThdherpapredipitated ohte ZHCs ys tieatralizing dee mixture,
PretREVaY, Bﬁhﬁnﬁ'ﬁ@%bﬁ BbeoédrﬁJQSd %'irgéﬂotocml ﬁ"lé BIT/ZnO complex.

ersl on centrate rrag usted to sul
AR A0S i fat e BRCBRAtER O (Henb BB T/28 Complexes. By
cheasirg the pfecigiatiBh ToRgiGHe) i @Xoﬁbrﬁéhebﬁﬂﬁrhntumlcmbsal compound
EANBENLRNS TR PRl ARSI mb) Belaobred s Lol materiais or as

VISCOSI y-adj ustl
dispersinin gonpgntretasneping e‘mVBFBOl‘)m wiisparsigutechielbgiase The-weight-to-
W@ WY irSEOF BITAh 206 B4 28 Xbéj'a fe%l' ﬁniﬁgme particular

trag? n? ran e from about 4 O to out

fcaB o gk PERNEL e BEECiEqsER 6 11 BOHFAE complex and the
pisedsity alstiye ?:Igﬁt]nahwﬁptém the® diperfionliiiaRaste rﬂé\ﬂalgBl%E adjusted
B S8 Rt BB ton s ot PRSP it o weight ratios of

Zn@dbi BliTzZedulBiT AZrigherdepdancyodthé GITAnOudedpleRr t@ be immobilized.
The @Lzrtfcféf &b %If 'tﬁ’é‘ Biﬁknésc%rﬁﬂ‘eﬂ:‘&h b& ré%g"é?e‘?{ by millz% and can range

a | catl ons as palnts, coat
B

@t@“"o\/ﬁﬁ?{f—‘ ERRpITeteY, 1%"@5% %e\’\ﬁﬁﬁidm@dmd@im In general,

ﬂml dahopliasd | BEVZRDI tethpex Nt Eféoﬂintﬁtecp%ﬁ)eé 'particle size, which is
base 0si t.i ns esi ves, stu

ST PR SREl BrPR ety 30 2B maRibagBre viscosity of the
BB’)(Zmﬂ)ersqm;amm dlk@erbloheconcanmatbrmgl e regifuskeco iy afhe Uaddition of a
\Qsc%ﬁy/ Qi?ll Oé? E) FreaBB& ¢ %—Sc{t@ﬁ'rﬁ %1118 Iuvater vtle?yae{lco&ols such

corrp03|t ons c e prepare rom y cone
Risdagnal o'#baeol ﬂmfwmmwppaﬂ@dndmﬁnoéxsemybutanol tert-butanol,

ﬁﬁpﬁmméﬂ thedddsut rRE. tmﬁb{%ﬂﬁg% :Eﬂ?"gﬂg@ %BMb\e&a&QF b §so!ated by the

LG 0k 2 L0 L 0960
‘ﬁ”ﬁ‘ ¢ %‘ﬂﬁsatsPS'hsasf 8Ff8§'a'arf>reﬂaraus@v§5<ast i3 !rvm@hhmb BIT/ZnC

acsaplet canche mmbfnezﬂmﬁtnramtﬁ@hapaﬁnmnrc{ym ag%ﬂtssxﬁ& @iigicidal film
at es or

SSI bl.e to ct ub t

irks T St et skl TR Bk B b, Siodo2-
N‘QMZ‘B@?/ 186645 RETauSAD 7/ ﬂm6124>ynthlon Gdoipssi t i BAchloro-2-(2,4-
d?éh entlo_ Sl formuj at -

by ’?nﬁgrﬁg deﬁdgérm nth eﬁ h&%ﬁn}s%l zeéldog%n'pl ex Aﬁdgc loro-2-n
sel ected proportion with a liquid vehicle for

di ssol vi ng or -suspendi ng the active conponents. The

vehicle may contain a diluent, an enulsifier and a

wetting agent Expected uses of the antim crobial 5
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Anal ytical Procedure For Determ ning the Amount of

I mobilized BIT in a Bl T/ZnO Conpl ex 15This anal ysi s

determ nes the total anmount of BIT and the anount of
woreehs®d in a Bl T/ ZnO conpl ex. The differ enger/us2007/010124
between the total anopunt of BIT in the BI T/ ZnO

conpl ex and the anount of "free" BIT (that is, the

anmount of BIT soluble in a predetenm ned anount of

nmet hanol ) is defined as the anount of "inmobilized

BIT" in the Bl T/ZnO conplex. 20 1. Analysis of the

Total Amount of BIT in a BIT/ZnO Conpl ex. To

anal yze the total amount of BIT in a BI T/ ZnO conpl ex,

the BI T/ ZnO conpl ex nust be hydrolyzed to liberate

the BIT so that it can be_anal yzed standard HPLC _
el tESim Saney Ghoralosi AGgh B REaaHIgyoR00 thglonkil hbethoxazin
i(3eehid[bjtden-BlyTbB@hgaiap! 2x-satvigkighed axaddd)y (eXafh  (zinc

[ di h d
Aol ET o B SHRAGHES) By 2noun
pgo.ﬁ&othlaaglm%ﬂnq“anﬂ|silyerofanc2(3Mero:fonnmumga(guch as coated srlver on
QHBL&'&J ﬁﬁ@haﬁﬂé.’iﬁﬁ%&fxm@}’c@él@%&%ﬁlé rfph Airhallo ﬁc ditver zeolithe

kgwpggﬁqﬁamerc@y @lfvaaﬁgq)l%;f%dpg% gllyegomﬁ)gﬁ; on tntamum dioxide

t:emﬁ&fra‘hw evautdw flors ICIarsark,] b Gilvédrt (haiBiskarokivep), I@mmercially
%Ds m. The reaction mxture is then

do%'v '025p menbrane filter (e.g.,
MITi 'ﬁhﬂ! entigiwiotial . irmadpilited BET/EnDecdreplexed of dime present invention

Egdvgﬂecglcﬁmﬂaiex WP B %glféeééf) %’t%éﬁ%%&@ﬁ&?éa'&lﬁ’ h& or any other

Itrons I nstrunent -

prasgss ubabepeieh crusgdhe mgn@t'?? deplgiedt from the geifacesof a substrate.
mﬁé&hamﬂﬁotﬁﬁl |ﬂi&dﬂjmzéﬁ BW!Zr@@cbdiplé% ﬁs@ib?ovﬁ@ antlbactenai hygienic

cher e% ml/mn 312nm wa 5%
%% G F‘% 'ﬂ'g"(c I s% PSale MERPIES. | %emg' B'Wﬂ'%sn&"tqﬁfw'jeﬁs food
Suiduecing Whitsd iaedt pifarinaceutical facilities. Bacteria coming into contact with
such coatings are controiled by the presence of the immobilized antibacterial agent.
‘Such permanent antimicrobial properties can supplement cleansing and disinfections

-procedures at difficult to reach surfaces. The antimicrobial immobilized complexes

can also control biofilm formation on the surface of sealants such as in water supply
systems. The antimicrobial immobilized complexes further provide an antimicrobial
compound suitable for use in hygienic surfaces that will not be burdened with
undesirable properties characteristic of other antibacterial substances used for such
purposes. Additional materials which may be coated with the antimicrobial
immobilized BiT/ZnO complexes include coatings, plastics, wood products, wood
composites, plastic-wood composites, molded plastics, building materials, paper,
starch-based compositions, adhesives, stucco, concrete, caulking, sealants, fabrics,

“and cordage.

In accordance with the present invention, a method is provided for making an
immobilized 1,2-benzisothiazolin-3-onefzinc oxide complex comprising the steps of
(2) heating 1,2-benzisothiazolin-3-one and zinc chioride to refiux in a C4+-C4 branched
or unbranched alcohol to 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 con.]prise washing the solid material with a C1-Cs

6
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10% El uent B + 90% El uent A 3.0 10% El uent B + 90%
Eluent A 8.0 70% El uent B + 30% El uent A 10.0 70%
El uent B + 30% Eluent A 11.0 90% El uent B + 10%

12.0 90% El uent B + 10% El uent A 9 )
WP IR ioles Ol dont A 15, 0 10981 uent 5 SeRsHRYbe1zs
Eluent A 17.0 stop io . *= vol:vol The t ot al
amount-of BIT in the BIT/ZnO conplex is then
determ ned by conparison to an external standard
(150ng BIT/1 liter methanol). 5 2. Analysis of "free"
HhiAched or unbrBhdhdd anerd @l dibihg the somd rauesal aﬁdexcmuum The

G- TSy PP Sa et AR PRSPl 581 g conssios

&1 er@ol oatbheod, mpmpagﬂ.eckoewaparhql (ebudeotol, weegbttaoaln and fert-

ARG B EErRARS bE o oh o By o Shpoted om
ihe qumNP] t:tynaﬁtmsom regtharalh 8RIGNOL HPPPgPeldaNdi &orfaegnol, more

' ﬂ_r'é?erﬁﬂ)l?sthe%Q!%@Isrﬁrﬁ%étﬁ%dﬂb?(é&éﬁoﬂ &nd RRBt preferably methanol.

ul trasonl cated in ath, for.about 15 m
ATt einBBPHEY SEEPBIeTY. BRBre AN Y iESs pREpE iy making a
ﬁlSpérlsiohedoméritt‘até/\lbﬂaﬁ?inﬂrﬁ&ﬁlﬂacﬂ/ 2BaisttfiandR43-one/zine  oxide

”ErﬁélggoltorHBrI%rg% {heel Seps d ovéaﬁofgr@ rygeanr ea%?s'éb@@ solution of 1,2-

are
benzisothiazolin-3-one and potassium hydroxide havmg a pH from about 7 to about

8.5; (b} adding zinc chloride and an immobilizing effective amount of zinc oxide to
the solution to form a mixture; and (c) milling the mixture to form the dispersion
concentrate of immobilized 1,2-benzisothiazolin-3-onefzinc oxide complex. The
method may further comprise adding a dispersing agent to the mixture in step (b)
and a defoaming agent to the mixture in step {©)-

In yet another embodiment, the present invention provides a method for
making a dispersion concentrate of an imfnobilized 1,2-benzisothiazolin-3-one/zinc
oxide complex comprising the steps of (a) forming an aqueous mixture of 1,2-
benzisothiazolin-3-one, zinc chloride, and an immobilizing effective amount of zinc
oxide; (b) adjustlng the pH of the mixture from about 7: to about 8.5, and {c)} milling
the mixture to form the dispersion concentrate of immobilized 4 2-benzisothiazolin-3-
onefzinc oxide complex. The method may further comprise adding a dispersing
agent to the mixture in step (a) and a defoaming agent to the mixture in step (c).

In stit yet another embodiment, the present invention provides 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 mixiure to form the dispersion concentrate of  immobilized 1,2-
benzisothiazolin-3-one/zinc  oxide complex.‘ Thei method 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
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menbrane filter (e.g., MIlipore) and is ready to be
injected into an HPLC- col um. The
HPLC-conditions for analysis of the "free" BIT is the

See3et out above in part 1. The anmount ; :
‘Eﬁ?ﬁ}?ﬁ tﬁhe Bl T/ ZnO conpl ex is then determ: neg,fc%vy'fSE(ﬁﬁ/010124
conparison to an external standard (150ng BIT/1 liter
met hanol ). Exanple 1 Conparative Exanple
bi s- (1, 2- Benzi sot hi azol i n-3-one)zinc(l1)chloride ID
Bi s- (1, 2- benzi sot hi azol i n-3-one) zi nc(1 1) chl ori de was :
RFERAMROWRRA Qfo%dﬂ%e& QrXAGHhE s@ﬁsﬁﬁte Uﬂtht 84 apkiRtli@8bially effective

pat ent no.
D oot SbmmeRPao2-GRes AR - CAPTBe  GeT IR spropared
gy sipel methods sEtnbutohb®les ol Tee praakehiplentidn quiinfuithyr fovides a

g%%%% ' A& hr&sirgq'f n%ag%g} Eﬁgﬁﬁg’vﬁ%@r a?:%diaau nb}eﬁlu%?i{obihzed with

zmcwnﬁeand the residue was dried. A quantity of 2.1g

Of b' t A n&gﬂﬁfﬁél%&éﬁk #&LH T %@ﬂ%éblﬁi&dlé)ﬁﬂhérédﬁﬁ‘piexes of the

The rolar ratio of
wr?éemt 2INNBHIANS JE hicapiRerRiaty oﬁléa"ﬁﬁke n?)'t2 9%8?"1'?22’8@‘33@9 (1,2

: aelbiiﬁt(llézriam—ff{eﬂpo&ét BIT?,Zde eI ﬁ)emclﬁfc( 2 ily) ﬁziﬂ @mdlecular weight
8B 0 0F 5o Pt Rt ard aFBTe Ve et Rpuk b aligl retats and

10

tmnest 3 dé Hidtdy salublec urrprgaxnlmﬁxsivents especially alcohols and glycols.

- BrEdang \ﬁ%f“ bf\éﬂﬂe' aﬂka?h RBE: B2 IRe s IOl ﬂrgferﬁ"rﬁubs%@l spoilage

ext'ract. sSpersi.on Concentrate o
Pt mﬂf%rbﬁspéttﬁ%ﬁ'aﬁ*h %&F‘?m%'kﬁ mingr | Fyigs. RoWEesfenpugons, inks,
pahes, smeo aaﬂnemds vmtdwth%aukiég BT ipaisapsédim Dyied Bies patent no.

|
skt ek tle S SRERES wBlg e S By PRk o,
Al dr |'El1rﬁ) :mmmbiﬂmag cloenat used in it immobilizest BIEZgQasnninlgxes of the
Bfesgng‘l\l@ﬁti&'ﬁ% \“,@ﬁnﬁ{erméﬂg a%ﬂz—x’é@J &fr@g@?ﬁdér %ZR@P (Zﬁnc o]gclde has a

di sSper si ng ent avai | fromd ari anyg\
Ralestar )Wem S’f ?&390?5'?% rﬁsé‘ ‘Hh'g‘?)‘érrléegﬂ’t‘"sa qeaspcérlerslsmwder and
ldrgetia)ly ir&EBblégnQ\fatén ri¢armstrdetutsavar Zirabdxédd magnaiso be employed.

Sfoors 30 R i her 85060 B kYA ARLl Bpe o0
appads, which disgineureda nopererated hetsin by refgrengdei ng 0. 59
Of thﬂd&lbawanéé@m(ﬁhé Ipirééé% irRasesh, Qﬁflmisz&%ﬁé&m@amount of

&:@,Fég ﬂ‘h gfea_llpnn]qq rmr?cg)llpgaﬁ‘g}zp comglex Sn lr%mobllzzmg

Wﬁﬂ@/ahﬁﬁﬁﬁE%@hE 20 Qi dliD efdctertd immebilize the dttenicrobial agent

BEEHIGh ORI BB o8 ikl ARGHERR, ggeny v beon
nynd 4a roge egigpmn@lxghmh@ye g'mjargg@r:.@bqu agemtatTé'qe apphypriate amount

r@gﬁ%&ﬂuiﬁﬁ%ﬁ&ér‘tv}ﬁ?@ Bépﬁg gﬁr}'? ?rrugr}blai gggegcrt&of lﬁ'@ucﬁﬁg the nature of

the. %’é’ﬁ&?@a{’ ke preteriedangbs sepditens apd Mgu%?éﬂrﬂ% ynder which the

substrate is used. The appropriate amount of immobilizing agent for a particular

purpose can be determined by routine testing of the immobilization 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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5 Particle size distribution: 1.3 mcroneter 50%/

5.5 mcroneter 95% Analysis 6.7%total

1, 2- benzi sot hi azol i n-3-one by HPLC after acidic

WY PRI Yxks (deconposition in 10% hydrochl ori ¢-d&kshor/010124

néut ral?ll ze, dilute with nethanol, HPLC anal yS|Cs 0

BIT). Analysis of soluble BIT from nmet hanol extract:

2.4% (64%of the total BIT is fixed on the ZnO

surface) 10 Exanple 3 Dispersion Concentrate of

BIT/ZnO from BI T-ZnCl 2 A quantity of 909 of tap water

WBSuEM 58 4o Wbl 84, 2 “zﬁ%! {CoflBIT:Zn0 wi
[ gré?éraﬁ% %@h%lz/o @d\é@h&:?ﬁo o TnS will be

2-ben2|soth|azo i n-3-o0n ' sogen

_ EGU’ abos 16¥0 taiaheus 340 mpre peefergblytirom ﬁemem Ao alpiy 1:1, and most

Br@gaefyfmnmab@mtlm kdl@boutlzes bat ch was neutrali zed to

o o PcRurBeses it Eteh cBrabbted 812 apd e i 20 efined in

peesidnd teimmekasddr guie factpbatr BITrperisk i$ eolubteun endtihanol at greater

B S B 5 FarmE QR IPEOAN Lo, 29000 foPHh 9 metnanol

dors uct was

YvReroa seNd Bi1/279 @Pﬁ%ewsaﬁﬁm éc@rdemcgdwﬁi *éiSdnqulen is shaken at
amns)ermé o@ﬁ?'tél*n Braind Wit BRI 0I0) Amek. @wefghxaﬂmmno: any BIT

ﬁ-ﬁpg es !r%o %Uﬁﬂl& &eﬁ éwat er%pa}rggqteiz??xgﬁ% %}?\Aﬁn ht/ mgd as "free” or
Aoy wanmabilized’f BA0@YilcotheBIdi thpiresiains aitavbed to a'leezmb as part of the

é}élidz Jﬁ%&ébﬁr@& @A@Eﬁb Eofﬁplqug@égﬁ]é‘d Qé('“ﬁiﬁmgﬁﬁ?fg%@" "Sg%gordmgly,

ticle size distri m crometer
HecfdRrEree hptygenibe ek ampuntpf Gl jjin the BIT/ZnO complex and the

&nﬁuhﬁﬁz"lﬁ‘é@'z iél‘laﬁﬁétl i€-the @ﬁﬁ;gg}t/of Biflsoldid Bra Q@dgteemned amount of
eco se [ C_.acCl

etiahalis the'dir o dtar oA B T AL 2iQ RpEPiex(

Bl T) . TR HBIC sanplytisal oietodsl Efeécnbaui net ihanatanepits anet:tion of this

&;s&ufégu@&régfgé 3 I&%n@% %t \ﬁé)}r td %ng % §ﬁ' !irl;@ c%?h lex to determme'

surrace cen

CHQ

Bhay %ﬁeymtrqfrﬁfﬁihﬁrzlﬁ@ free and whaa gEeLDt 9" B:I-T ﬂ%gmﬁ "ipuppbilized”
| WFr edxaniie, Nt 2E800vh adple 8F of BRDIRG rc@hﬁiiémr@v dsadWRt 33%, by

. y@@h? %ﬁ‘@gﬁ%{qﬁ%{;%ﬁﬂggf 1419%/?'@ %8&1 gfsa[r_:n e wo%%qcon?ain have

86 tharg AGASAGT pUSRVO and 101 2verg Calbfea BIZi inevoold dié dissnlve in the

%%BL‘G ﬁ:i%]éyﬂ" 1?001;}] %Dgfgqu ﬁ\%%tﬂg%g)g@?uy%ﬁ‘%n methanol

,ﬁ&ﬂﬁ@bﬁ" "@W"ﬂﬂ"%l’ﬁ Q’Fﬁ’éer Hher ﬁ"/wcb@g!s@@f@a Fleady illustrates any

Ilgﬁ}h@biﬁhtﬁnﬂﬁf&ﬁé BIYlih tha E{j Ohgﬁoéhf'ﬂﬁ%!h &laxéblﬁé FﬁszmEthand is
oa )/vascn |n g o odor si

Gf'ﬁﬂmbmﬂ%' EW&Q *%%ghﬁiaﬁaﬁgff@ % 0.a viscosity of 5 950

nPas l('i&arncﬂl,elt 8 dé&xicabld foaindxinlLOthepmpolnt AT thatits gnoinobilized
. IS L 7 n "

%LTSF’@ tgb ﬁﬁn%ﬁ\e@{‘ ﬂgantrogy{m% {’hé %mgtllatt éﬁ f‘(@é %rlT for the

plgppgqupﬁ-thyﬂn!er@l%)t bemg undesstgad it for Qﬁecw@g@cmst@'lces it may

B pRETEbRNtC RAE MiXtdied £ ofposdd 16 MWaemiAHg®e! iimabilized BIT in

Gk B 2O Pfisreghe ShS¢™4EE iy ebaypar of th BT

@5%m¢b11ﬁeﬁsweuld6b€ %uttaitlal forl madybapplicstidnisi witto laboui350%eto about

P i S ' %
e ldiaf S, R 9D ol R Bl fprrabl anc
‘M@M%B@yﬁp @D‘M 10%@@@@%@"@&% e BIT from
nmet hanol extract 1.6% (76%of the total BIT is fixed
on the ZnO surface). 15Exanple 5 Dispersion
Concentrate of BIT/ZnO By Direct Precipitation in a
Pearl M| A quantity of 166.2g of tap water
was m xed with 33.3g of comercially avail abl e
1, 2- benzi sot hi azol i n-3-one (90%, 3g of Emul sogen TS
200, 6g of Atlox(r) 20 4913, and 70.1g of zinc oxide.
The batch was mlled in a pearl mlIl for 30 m nutes.
Foam was controll ed by addi ng 0.3g of Rhodorsil 416.
The product was then adjusted to a viscosity of 1180
nmPas (Spindle 3, Brookfield, 100 rpnm by addition of
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The product from Exanple 5 was mlled for 4 hours. A
quantity of 300g of a dispersion concentrate of

(1, 2- benzi sot hi azol i n- 3-one) zi nc oxi de was obt ai ned.
WahlorRiRessi ze distribution: 1.0 Mcroneter 5@%fusthoPoioizs
m croneter 95% Analysis: 9.8%total

1, 2-benzi sot hi azol i n-3-one by HPLC after acidic

hydrol ysis (deconpose in 10% hydrochl oric acid,
‘neutralize, dilute with nethanol, .HPLC analysis of

BI T). Analysis of soluble BIT from nethanol extract

. 8%, e%%%éié?fth% r}ﬂgh}%}h&&i ATBhG do%ﬁié)?‘ﬁ%r@éhré@ %}/%P@tp\taﬁon ina

surfac rsion Concentrate

gypgsmmonp?@tﬁtﬁ in @ pRGIE T7% WHRLH I S Menﬁvsamaugm $ piyed directly
@fa éé&&gcﬁ'l?feﬂﬂ V‘ﬁ{ee%es\i’baﬂ p&mgﬁ&s;m bhihe. Eﬂg{m@ complex may depend
CONTEr C abl.e en

Eh e rusgpesor Bpisdetns o etk O bl iR projected and
fhadepraiftions mod aiiratimn dtemd ander \Walsh e westiate & yredr | The particle
Q:?Je EI%BFH ) fémp%%ad‘ﬂn"@esaﬁg%ﬂg |rﬁi‘ﬁm5)’s@§%§9\ zp pé&l mill, and_

ISl roduct was 't hen Juste
oars cange; fomfthe TB0ORIES {appraemately 1B PRl 'ma"ed microns.

m@bahweaaﬂé bf e BIT/Zh® GopRixnagy %Mrﬁmmrﬁ %004 / 10um 95%.
bierBhG I s A o< Bl g SBBlek i iham o, hyfi Some  aum
88%9 naifre @r&fe&b@rfmmﬂ Fron &ObH £ Gpre 950%, and most preferabiy from 2.5um

gﬁ_p ot hi azol i n-3- one)zi nc oxi de was obt ai ned.
I%artl e 3%

Size dirstribution: 1.5 mcronmeter 50%/ 7.7
ni cr ohiee Wpcapityef MedPif 4O complexispgrsion concentrate may be adjusted

fo Be besa u'&@&t@l;ﬂéqidaan& TSy THBhﬁ%oafa'tyiéf tR6 MTIZMCCcomplex may

S Yeo3 4 SEFREE o RS B 2, 1, cpine ana e

Bh@traté\rtal psi oteiciesh| ubhe Bicbshty otm thet Bdﬂ’fahoexzomaw dispersion

'4?0@“ %S@gfbﬁ; ngggﬂig @ét-rth'es ébrh liEQﬁorZBpthe final product.

}{hg yﬁﬁpqs;mpféme gﬁ‘er(@gpgnnmlﬁgq gispersmn concentrate may be adjusted by the
AdAt e Al §Qﬁ§ﬁo§§]ﬁlbﬂjﬁst%rg3 agemd Al%féﬂ:é@ vigtakity-atjugtimc agent is

hi or | d 7l A
X %Jésgﬁ‘q\q?%géﬁ‘r@r 58{1{5? Ylgﬁg( it s°§38? egﬁ{%ﬁ@ 31981%5: dispersion
W"‘am“‘awaﬁ@@ﬁa"daﬁw 408610 At )1200mPancprstirdely from about

48s to ‘éQoaﬂq 661']1%3@ 4§\P gﬁ%gg/ 9391%11@@@@ do a-BIB@t ?] 000mPas, and

m xture was then heate for 1 hour
gost PﬁWﬁ'ﬁd"%é‘F’Pl&dﬁpé‘a aPB“trQﬂ?m'?%per ature. The
sol i dinmak&driahcanagihl ke m@dn@;ﬁf wdnm&f@ﬁamm.hoeiﬁim BIT/ZnO

aaletter b PRbaPATe A yPRIe G (s Ui g uee applications
ast paines, | coatinp$,umlastias,i d\rooﬂh@rcﬁlumn@og@nmrwgm plastic-wood

g{)hgg#?%o!%e%é@%ﬁ%}%@l&&’i@%{@@ﬁa@e éﬂgr §t‘§réﬁ-@$ééd9&ﬂ1posmons

wel g ratio =
adlseiemesm@qmecwraﬁe. cavikiapsTaizAe fatmm?ocofdage textigg, and the

Rlel/ 14n9 poad Hﬁhgé‘@ﬁnn@lhﬂo)éi echday, heat.owg aaﬁiﬁm::ﬁ&enﬁﬁﬁbn Such
for 10 _m nutes of Sso

{1
FRIPBRIERS {5 BPn RIRA TS T VBV SETMaIed o ipahgs of the
tnembbilinga bhmmml i EppropdaikOdintioandThdheptimeml t$eig range is about

Q%IJUI/ | Q2 80 o trbltn%ﬂ%}_g] %gﬁ%ﬁéﬂ hth?l fgaﬂi%rrﬁldl‘éﬁeﬁh fdrl d8h end use

nject ¢4’ ent was an
msemm ththeihﬁatl%? %%br@oylﬁ%éowwsw g upg Systems, it is
HELSh11 22 Prosit A8 RaR%! RF Bkertic@nsiaiodsastife Léffalnst growth from
detector operating at 310nm A theoretical yield of *
JEIPBREEENHon BI T was achi eved of a BI T/ ZnO conpl ex
that was tested free of chloride. (96% of the total
BIT is fixed on the ZnO surface) IS Exanple 9
Di spersion Concentrate of I mobilized BIT/ZnO from
BI T- Pot assi um salt A quantijy of 45g of potassium
hydroxide prills, 1259 of 1, 2-benzisothiazolin- 20 _
3-one (80%BIT, Mergel(r) BIT technical, comrercially
avai l abl e from Troy GwH), and 20g of Emul sogen TS
200 were m xed in 4409 of tap water until a clear
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Exanpl e 10 Infrared Spectrumof BIT . The BIT

sanpl e enpl oyed for the infrared spectrum analysis in
Figure 1 was Merge! _analytical standard (99.56%

Wb 5kYs Corporation. The sanpl e was prepar géTstzoowomlz:;
according to standard procedures as a presse

(10-20% KBr(99% -pill using a Perkin-Elner, System
2000 FT-ER Instrunment. Exanple 11 Infrared Spect rum

of ZnO The ZnO sanpl e enpl oyed for the

infrared spectrumanalysis in Figure 2 was anal yti cal

- 9r adezdARddions [6ehR RGRAY Frﬁeﬁﬁﬁn ﬁmrﬁgﬁéﬁlﬂ%é ﬂf?muiated by mixing

infrared spectrum anal ysis i.s E.(é%rjarre as set

e gaprraingdhe fmmepliEed eompieir Aot %{)BE‘%HOEfﬂ"oW'?“ a liglid vehicle

Bk?s@&@trﬁg)ﬁplseSpendlng the aﬂThe cBirﬁ'pScim@tssar‘rpbevaﬂ‘qlé oy®dcontain a

f.or the infrared ectr Si

?Iﬂlgﬂ%oﬂ%le&ul%if % e Oa Iw n%{-;ﬁ@. %x roce d&r é’%f Mtnicrobial

ipamokilizacheprmplex unm‘lucww& m'p@étlfrrunf M%umsed pefrds gaﬁ@oatmgs
0 I e n r

&ihsaflec foint TolrERE? Sqalhis, “XIRS, Porflinb e8! #bta) workdng fuids,

B?MI”SS/ ENYIFPNS, HEIGIMERT Hlséﬁrsﬁﬁ"éctaﬂtjﬁ?% éﬂ%r@' Pﬁoqiicb% rigbricants,

daviafgs) ranBe Yike. cahewnmrétfaygn?ﬁbaa@aradnm@nmw Ib@Qdrovided as

i e, 2o REDIc BB PO EPRBES B 7 SR e ratie produot
e OFhioh)is désitablditn mmyanm| the chingpsitien wh thehwrasent invention can
B@‘)}er’@fdé@ OQ eregﬁy' Forl d%37]9933ct0 3@ Rnan huedRCdispersions, oil

hen cool ed to anmbient tenperature to
%ﬁm@nﬁa@r@%@omﬁ% hi um sal t, which was isol at ed

by f Iwédfatménmaﬂéarﬂ@b tsedcihans bmptaramnginbrodth& comprising the

o g%gig éa | gnr{lﬁlgp t haer'%hgé\;eﬁrl;%g(sﬁgfmtﬁ%@ % esters like

Qf@ﬁ?leme%g!m /rumomtmmznro@x@nm eglgepl Adeithuty)  ofther,  2-(2-
h@ﬁmkwﬁemy\étﬁ&gs %Tém%%étﬂ ;ae%%}%r giyeés methy]

I nt” Agarn eudonpnas “aer ug "nosa_ Using a Nodi

%&'RP%§"FBPBHWQW%WP@ME@e"ré'%lffmpy'e"e'e"erﬂ'éc d??‘bv'teﬁ“%ﬁ propylene
fitheot irnpmb) Lthze endikid Zﬁ@:s:amque\hbm meniphed Bompoands. Other

SRS LA PRt BB AL RS oo or

saderdl  dicarboxyie ragids), Iagzdamatur@atf@wm eThebpesderréchselvgnts for these

E)rlog{l?tgaalrg &ﬂﬁeﬂ@gﬁg\g'rrgb%%é Zgﬁﬁ%cﬁg%g?ﬂgﬁaﬁ&eand the dibasic

igatyl asder hiendhof shicepic: alufsis and Et%%? agigeci men:
The lwnﬁb lpl'&p'éﬂdg B il Wtons @ffHepredsrmnmexdom fe sBewills applications,

gcc%r pc{s I{; eve‘ ﬁ@&%%ﬁa%‘ic?e{%&ﬁ%&ubgﬁtgrco%(relﬁtl?%%\lly employed

pain
spacqmscmr@ mitérwieddfor sushuaprlications $weh escorgenik bipding agents,

écﬁﬁfﬂﬁa@ méﬁﬁﬁlfdr'&ﬁals auxﬂiarf‘ %Hﬁi@hist Ypﬂfceggﬂﬁ oc'fddkﬁSs fixatives,

ex was m Xe pal nt

pReisiAR ng{rfpﬁﬁamh@s&/oosfstwéy SoBanFish, Wl SohBia 2 Mpternsoiuble

Mspwmdrhﬁgmbh@r SRRaRIIEE RDITOSIHA xnmemednnsemement agents, anti-

Cr?rﬁrﬁ%dﬁ Wﬁhuﬁﬁefl | ter papers (5.5 cmdianeter)

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 acld,
undecanoic acid, decandic acid, stearic acid, oleic acid, and mixtures thereof.
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20 test material to a thickness of 1509/ n2 wet and
the resulting specinens dried at roomtenperature.
One half of the test specimen was | eached by tap

%Ew7,1§9%4§iters per nm2) in a beaker. The Spe‘?g‘iﬁ]ﬁoomlmu
€ y

~were- dried at roomtenperature and steriliz

gamma radi ation froma cobalt 60 source (25 kGy). In
the m crobiol ogi cal test, 25 Pseudonobnas aet-ugi nosa
DSM 939 was used as the bacteria source. :
Liquid cultures of each bacterial strain were

i ncuhﬁmﬁiﬂ%eio 2%!8&15816%&9?&@ ph@@’lﬁtioﬁ es&@i{ﬂa@éstat Hl;eespr%f&:ted from
, ; aresult in a cou "

b ElRvh BY bRy S o bt e SHBrali g & compositon

serteiakwedhg rngimticrobiet insthobilited BIYZi® cBetpidx dfi thhgseseiténvention.

&884 ,tr%@?ﬁg? TBRS idBhe RhbaSs e Bhpdsiibd %i@wgﬁ%\g’?ﬂkgﬁ@% coating or

the ino ated 30 nutrient ari I ncub

ahepgge copfartngdire sebeipieaithiiee cornpesitiapand the likeThe

gr owt Theofollbling kB@hfiiéaf pleBentedas iINRESIe Mtek®sih the invention.
O-HNo _bact eri al

ci was. r.at.e s _foll ows: rowt h
SRS "B i iEReR Al TR DPS ShewbR o HRiSTRRS here and
thraghogt ihetapplidativacre basedionleeighbe speci men. GG owt h
of bacteria under the specinen. Bact eri al
growm h under the speci nen was seen under the
unprot ect ed bl ank nat eri aEXAMRERS| ci dal protection
is provided if there is no growth of bacteria under O

t he C,L. Sanpl anpl e i ndi cati on .

ant (ARG BrosgdmsdQicheiornining fie STpH o8 Impionbizea BIT
un- | eached Psa | eachéd aBIm/AREnGokmpldx | nterior fl at
paint” + 0.05%of imuobilized BIT/ ex. 8 BIT* 0_016%

182 o 2
This analysis determines the total amount of BIT and the amount of "free” BIT

in a BIT/ZnO complex. The difference between the total amount of BIT in the
BIT/ZnO complex and the amount of “free” BIT (that is, the amount of BIT soluble in
a predetemined amount of methanol) is defined as the amount of "immobilized BiT"
in the BIT/ZnO complex. | !

1. Analysis of the Total Amount of BIT in a BIT/ZnO Complex.
To analyze the total amount of BIT in a BIT/ZnO complex, the BIT/ZnO

~ complex must be hydrolyzed {o liberate the BIT so that it can be analyzed by

standard HPLC techniques.
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 20mi 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. _Aftér 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 0.25u membrane filter (e.g., Millipore) and is ready to be injecied into
an HPLC-column.

12
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Interior flat paint** + 0.1% of inmobilized BIT/ ex.
8 BIT* 0.032%212 0 O 3 Interior flat paint" +
Thiram Thiram 0. 1% 223 0 G Conparative Exanple 4

\kfﬁtzﬁ‘(ﬁh@sfﬁﬁ l'at paint** + Thiram Thiram 0. 2% 1%§T9185307/010124
i ram ,

Conparative Exanple 5. Interior flat paint +
Ziram 0. 1% 209 0 G Conparative Exanple

HPLC Conditions

Instrument ‘ ’ Apparatus Shimadzu A6

Caolumn: Nucleosit 100-5 C18 HD {(Macherey-Nagel)
Solvent Gradient Flow: 1.3ml/min

UV Detector wave length: 312nm

Eluent A: ~ water + 5% acetonitrile (vol:vol)
Eluent B: - acetonitrile

Flow time (min.) . ' Soivent Gradient*

0.1 ' ‘ 10% Eluent 8 + 80% Eluent A
3.0 , 10% Eluent B + 90% Eluent A
8.0 70% Eluent B + 30% Eluent A
10.0 70% Eluent B + 30% Eluent A
1.0 - 90% Eluent B + 10% Eluent A
2.0 | T 90% Eluent B + 10% Eltent A
13.0 10% Eluent B + 90% Eluent A
15.0 , 10% Eluent B + S0% Eluent A
17.0 ' stop

* = vol:vol

The total amount of BIT in the BIT{ZhO complex is then determin'ed 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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6 Interior flat paint** + Ziram Ziram0.2% 186 CH G
Conparative Exanple 7 Interior flat paintn- blank
none 255 G G Gowth control. *BIT =

- ot hi azol i n-3-one total concentrati
‘&Qﬁ%@g%ﬁ flat paint = ICl UK D anond l\/attQ?%VUSMWO1{}124
Thiram = tetranet hyl t hiuram di sul fide Ziram =
(T-4) - bi s(di et hyl di t hi o- car bamat e- S, Spzi nc)

‘This test denonstrated the efficacy of the

i mobi | i zed BI T/ ZnO conpl ex from Exanple 8 in-very
hid¢haRNGE B HhalrhaR AABDME! TIRS RIAGHPMBGUrBSS hehMMErRdi dVefla 0.25

wat er- 20 based .interior flat int. (40% acryl i
Fieiiee e T8 S0 nalpte Bhace SrrRE & s A g bBygrpotumn.
Test . THehdPeCtmatitions fatanalysisrad sentfreal BEF isaime same as set out

i fd.cl ' cess (s ed
Ao bt 1. G oBLAC oo TR MBI o B LA
determined dlyicampeatipen toaareexiemal planderd (i iéﬂg BIT/1 liter methanol).
1, 2- benzi sot hi azoli n-3-one, while conventionally
protected paint sanples faj.led affer |eaching. WO

2007/ 139645PCT/ U52007/ 01012%" BRE& bl e 15 Activity of
the I mobilized Bl T/ ZrEampartive Exangple\at er - Based

Eggshel | Pai [ . P 7t ] ing a
Vodi 1 ed sni So-HHZERARIR AT b ARERaL
activity of the imobilized 131T/ ZnO conpl ex from

Exanphig. (8 235erisdiniaddihB-BRO LRE(IFdHIS RO NE3S torepared  according to
Pseudononas aer ugi nosa, DSM 92;58 wa determned in a
B SRR Yited SRiep PaMArer4H3%88% i nteri or eggshel |

pai nt 1.64 056 BeMehizsothamdiin-3vireh (akAtytinalaplire sirade) was dissolved in
B b AERRIALER B b B dig S SR 08 o prove o
cigpr selufign. a’mﬁ qstglmemtquqeﬂwen cuamoraies ungder vrguuppahithe residue was
dried. A quantity of 2.1g of bis-(1,2-benzisothiazolin-3-one)zinc(it)ychloride was
obtained. The molar ratio of BIT:Zn = 2:1.

The 1,2-benzisothiazolin-3-one was not immobilized as a bis-(1,2-
benzisomiazolin-snohe)z}hc(ll)chloride sait complex because the complex is almost
completely soluble in methanol. HPLC analysis showed that 63% of the sait
complex was 1,2-benzisothiazolin-3-one obtained from the methanof extract,

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 prils and ')‘4_19 of commercially available 1,2-benzisothiazolin-3-one
{90%) (available from Aldrich) until a clear solution resulted. A guantity 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 pead mill. The foam was cantrofled
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 mili to reduce the
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Conmponent Amount Water 16g Hydroxynet hyl cel | ul ose

0.2g Calgon N 0.1g Titaniumdioxide (Ruth) 15g

Magnesi um al umi num silicate 3g China clay B 5g
wohtHsgpr bonate Calcit 12.5g Iroh oxide U 3@rmys2007/010124
Mow lith DM 772 (Pol yacryl ate di spersion Cel anese
(fornmerly Cariant) 40g Texanol 4g Merge' K14 (in-ca
preservative) 0.2g pH was adjusted to 8.5 with ‘
Anmoni um Hydr oxi de (25% The

m crobi ol ogi cal test was perforned.according to the

' padicRdsize. 0HISS brdir@t wWasi adjietednb e Yhcosity of 420 mPas (Spindle 4,

Brookfield) by addition and dispersion of 4g xanthan gum {(Kelzan®) and 59g of tap
water. The ZnO:BIT weight/weight ratio = 2.6:1 and the molar ratio BIT:Zn = 0.20.

A quantity of 1000g of {1,2-benzisothiazolin-3-one)zinc oxide was obtained.
Particle size dis_t_ﬁbution: 1.3 micrometer 50% / 5.5 micrometer 95%. Analysis: 6.7%
total 1,2-benzisothiazolin-3-one by HPLGC after acidic hydrolysis (decomposition in
10% hydrochloric acid, neutralize, dilute with methanol, HPLC analysis of BIT).
Analysis df soluble BIT from methanol extract: 2.4%. (64% of the total BIT is fixed
on the ZnO suiface) '

Example 3
Dispersion Concentrate of BIT/ZnO from BIT-ZnCl;

A guantity of 909 of tap water was mixed with 22.2g of commercially available
1,21benzisothiazolin-3~une (90%), 12g of Emulsogen TS'ZOO, 129 of Atlox® 4913,
48.7g of zinc oxide, and 9.0g of zinc chioride. The baich was neutralized to pH 8.5
by slow addition with sfirring of 16g of a-50% (w/w) potassium hydroxide solution.
The batch was passed 3 times through a pearl mill to reduce the particle size. Foam
was controlled by adding 0.5g of Rhodorsil 416. The product was then adjusted to a
viscosity of 720 mPas (Spindle 3, Brookfield, 100 rpm) by addition and dispersion of
1.6g of xanthan gum and 121g of tap water. The ZnO:BIT weight/weight ratio = 2.6:1
and the molar ratio BIT:Zn = 0.20.

A guantity of 400g of a dispersion concentrate of (1,2-benzisothiazolin-3-
one)zinc oxide was obtained. Particle size distribution: 0.8 micrometer 50% / 3.5
micrometer 95%. Analysis: 6.7% total 1,2-benzisothiazolin-3-one by HPLC after
acidic hvdrolysis (decompose in 10% hydrochloric acid, .neutralize, dilute with
Methanol, HPLC analysis of BIT). Analysis of soluble BIT from methanol exiract:
1.1%. (84% of the total BIT Is fixed on the ZnO surface)

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

A quantity of 90g of tap water was mixed with 22.2g of commercially available
1,.2-benzisothiazolin-3-one (80%), 12g of Emulsogen TS 200, 12g of Atlox® 4913,
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WO 2007/ 139645PCT/ US2007/ 010124 Sanpl e No Sanpl e
i ndi cation Antimcrobial Active Conc. % Fi | m wei ght
(g/ nm2) Psa unl eached Psa | eached 24h. Remarks 1
ai nt Eggshell + 0.05% of imuobiliz

O ot b 0 6.0 at or - So1 ubl & g?g”%fkn%mmm
supporting paint ingredients are washed out 2
Interior Paint Eggshell + 0.1%of imobilized BIT! ex
8 BI'T* 11032% 231 0 01-1 3 Int erior Paint Eggshell +
Thi ram

~ 20.8g of zinc oxide, and 9.0g of zinc chloride. The batch was neutralized to pH 8.5

by admixing 16g of a 50% {w/w) potassium hydroxide solution. The batch was -
passed 3 times through a pearl mill to reduce the particle size. Foam was ccntrolled
by adding 0.2g of Rhodorsil 416. The product was then adjusted toa wscos:ty of
950 mPas (Spindle 3, Brookfield, 100 rpm) by addition and dispersion of 1.8g
xanthan gum and 147g of tap water. The ZrO:BIT weight/weight ratio = 1.6:1 and
the molar ratio BIT:Zn = 0.35) B

A quantity of 400g of a dispersion concentrate of (1,2-benzisothiazolin-3- |
one)zinc oxide was obtained. Particle size distribution: 1.3 micrometer 50% / 6.0
micrometer 95%. Analysis: 6.7% total 1,2-benzisothiazolin-3-one by HPLC afler
acidic hydrolysis (decompose in 10% hydrochioric acid, neutralize, dilute with
methanol, HPLC analysis of BIT). Analysis of soluble BIT from methanol extract:
1.6%. (76% of the total BIT is fixed on the ZnO surface).

- Example 5 ‘
Dispersion Concentrate of BIT/ZnO By Direct Precipitation in a Pearl Mill

A quantity of 166.2g of tap water was mixed with 33.3g of commercially
available 1,2-beniisothiazoiin-3—-one (90%), 3g of Emulsogen TS 200, 6g of Atiox®
4913, and 70.1g of zinc oxide. The batch was milled in a pearl mill for 30 minutes.
Foam was confrolled by adding 0.3g of Rhodorsil 416, The product was then
adjusted to a viscosity of 1180 mPas (Spindle 3, Brookfield, 100 rpm) by addiﬁon of
0.6g xanthan gum and 21g of tap water. The ZnO:BIT weight/weight ratio = 2.3:1
and the molar ratio BIT:Zn =024, ‘ :

A quantnty of 300g of a dlspersmn concenirate of (1,2-benzisothiazolin-3-
one)zinc oxide was obtained. Particle size distribution: 2.4 micrometer 50% / 10
micrometer 95%. Analysis: 8.8% total 1,2-benzisothiazolin-3-one by HPLC afier
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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= tetranet hyl t hiuram di sul fi de 5This test
denonstrated the efficacy of the inmmobilized BI T/ ZnO
conpl ex from Exanple 8 in very | ow concentration

agai nst Pseudonobnas aerugi nosa in a water-based
interior eggshell paint (45%mmsieyd ic binder with an

adhesion. pr anot er: Si NG-t-h (.fi ] . .
SVIBE3:8 BERtShalroriPaialip BRHiLAHpratiolush WA chn

| mobi |ized BI T/ ZnO Conpl ex in a Water-Based Fl at ,

Pai nt ' Wl T ' :

(5 TLEPRleRRt HHf TRRhfll, 8 R mIBL AR, 200043, 2Rt P a00g or o
iBPPEER corerRtiEta Rp(le2-beagsyhigrglin3-pRelzincraddecvat pefgined.

agai nedrids Chige | aRlrbuEBh! M@ SmResMEET NsIei 1 4.6 Milfometer 95%.

iR 200 o ol 5P R o BY e s e e hveronveis

@econgosty it 010% e hydrSciiafe lackl) OBeftEliz¢ e sttute Jejianesthanol, HPLC

| S , + 0 8 B,
ARV B Bl BB ot e PRl EPR axtgr g% (925 of the

tedal BT isfixgdpndne iZpgtsyrfacehe conpl ex was coated on to -

Leneta Scrub Resistance test panels, with a

Example 7
Dispersion Concentrate of BIT/ZnO By Direct Precipitation in a Pearl Mill

A quantity of 140g of tap water was mixed with 6.7g of commercially available
1,2-benzisothiazolin-3-one (90%), 3g of Emulsogen TS 200, 6g of Atlox 4913, and
f3_4g of zinc oxide. The batch was milled in a pear! mill for 4 hours. Foam was
controlled by adding 0.1g of Rhodorsil 416. The product was then adjusted to a
viscosity of 1180 mPas (Spindle 3, Brookfield, 100 rpm) by'additipn of 0.6g xanthan
gum and 10g of tap water. The ZnO:BIT weight/weight ratio = 20:1 and the molar
ratic BIT:Zn = 0.028, '

' A quantity of 300g of a dispersion concentrate of (1,2-benzisothiazolin-3-
ong)zinc oxide was obtained. Particle size distribution: 1.5 micrometer 50% / 7.7
micrometer 95%. Analysis: 2.0% total 1,2-benzisothiazolin-3-onhe 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:
0.1%. (95% of the total BIT is fixed on the Zn0 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 250mi of methanol. The resulting clear
solution was cooled to appi‘oximataly 50°C and 70g (860 mmol) of zinc oxide was
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Swabs were enpl oyed for recovery of the bacteria.
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Remar k i or, Pai nt

REEDU, 50 SPRBELT IS Fh i POt VOB AR anhg ZnOBIT

 SveiihtRiahd natiook 2.57:1 and the molar ratio BIT:ZnrQ = 0.20,

The BIT/ZnO product was analyzed by heating 300mg at 60°C for 10 minutes
with 50ml of a 5% solution of sodium hydroxide in methanol. Sufficient methanol
was added {o bring the solution to 100ml and the resulting solution was filtered
through a 0.45 micron filter and injected into a RP-18 HPLC column (eluent was an
acetonitrile/water mixfure.) The amount' of BIT was determined using an external
standard and a UV detector operating at 310nm. A theoretical yield of 96% based
upon BIT was achieved of a BIT/ZnhO complex that was tested free of chloride. {968%
of the total BIT is fixed on the ZnO surface)

Exampie 9
Dispersion Concentrate of immobilized BIT/ZnO from BiT-Potassium salt

A quantity of 459 of potassium hydroxide prills, 125g of 1,2—ber{zisothiazolin-
3-one (80% BIT, Mergal® BIT technical, commercially available from Troy GmbH),
and 20q of Emulsogen TS 200 were mixed in 440g of tap water until a clear solution
was obtained. 234g of zinc oxide was admixed and 12.5g of Emulsogen TS 200 was
added. The foam was controiled by adding 0.5g of Rhodorsil 416. 45¢g of zinc
chloride was fhen added and the temperature was-'raised td 40°C. The pH was
adjusted to 8 by addition of 30g hydrochioric acid (16%). The mixture was passed 3
times through a pearl mill to reduce the particle size. The prodtct was adjusied to a
viscosity of 440 mPas (Spindle 4, Brookfield) by addilion of 2g xanthan gum. The
ZnO:BIT weight/weight rafio = 2.6:1 and the molar ratio BIT:ZnO = 0.20.

A quantity of 1000g of (1,2-benzisdfhiazoiin—3-—one)zinc oxfde was obtained.
Particle size distribution: 19 micmmeter 50%/79 micrometer 95%. Analysis: 10.0%
1,2-benzisothiazolin-3-one by HPLC after alkaline hydrolysis.
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2 interior Paint + 0.15% of inmmobilized BIT Iex. 9

BIT* 0.05%8 2.57 99.8% 3 Interior Paint + 0.05% of

ZPT ZPT 0.05% 8 3.76 98. 4% Conparati ve Exanple 4 '

\gﬁtzﬁ‘tﬁh@sfm ai nt 2.5% of I PBC- dispersion | PSO % 87/010124
.04 31. 3% Conpar ative Exanple ZPT = Zinc Pyrithione -

| PBC = di spersion: 40% 3-1 odopr opi noxy-buyl acar bamat e

suspensi on concentrate 10 *BIT =

-1, 2-benzi sot hi azol i n-3-one total concentration

This test denonstrated the efficacy of the
i mobi i zed B1T/ ZnO cor nplgéniplentoExanpl e 9 in very

water based i nteri of TaCESFRARRBIET ) "bi nder)
using the J1S Z2801: 2000 (E) Test. The data -

The BIT sample employed for the infrared spectrum analysis in Figure 1 was
Mergal analytical standard (99.56%) from Troy Corporation. The sample was
prep“ared according to standard procedures as a pressed (10-20%) KBr(99%)-piil
using a Perkin-Elmer, System 2000 FT-IR Instrument. '

Example 11
Infrared Specirum of Zn0O

The ZnO sample employed for the infrared spectrum analysis in Figure 2 was
analytical grade (99+%). The procedure for conducting the infrared spectrum
analysis is the same as set out in Example 10.

Example 12
Infrared Spectrum of BIT/ZnO complex

The BIT/ZnO sample employed for the infrared spectrum analysis in Figure 3
was the compiex 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 sailt sample employed for the infrared spectrum analysis in Figure
4 was an analytical grade (89%) standard from Mergal. A quantity of 202g (1mol) of
BIT (Prc-:xel Press Paste, Arch) as a 75% wet cake (remainder water) and 45¢g
(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.
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15 show that Escherichia coil did survive for 8 hours
on-the water-based interior flat paint (40%acrylic
bi nder) not treated with the immobilized BI T/ ZnO

4 e immobilized BIT/ZnO conpl ex” r ed
‘Egg&erl 31 evel by 99.8% while the commerci al Peffélsloli}%omlu

avai | abl e conparative materials were signifi cant Iy
inferior. 20Exanple 17 Activity of the Immobilized
Bl T/ ZnO Conpl ex in-a Water-Based Fl at Pai nt ‘Agai nst
Pseudononas aerugi nosa Using a-J1S Z2801: 2000 (E)
Test' WO 2007/ 139645PCT/ Ug2Q@pid4p124 San”pl e No

l e indication Antimcrobi at Active Con %
Cée'ftytqfﬁ%e paqlilizeddBTEERS Cermrlex in %Wiat%ﬁaﬁee Fiaj Paint

bI ank pai nt Rﬂ@-ﬁt#@dd&@ﬁﬂﬁa@@gﬂhahﬁ@ﬁgabl ank 0
S. 11~ Recover eﬁl difed Swits Qakﬂér‘if éﬁ{f‘lgﬁzlatTe_stbl ank

bl ank a

The activity of the immobilized BIT/ZnO complex from Example 8 as a dry-film
bactericide against Pseudomcrias aeruginosa DSM 939 was determined in an iC)
UK, Diamond Matt paint, a commercially available water-based interior flat paint
(40% acrylic binder) according to the modified Swiss Standard SNV195120, which is
described below -

Preparation of test specimen:

The immobilized BIT/ZnC complex from example 8 was incorporated into the
water-based interior fiat pafnt at the levels shown in the Table below. The paints
were allowed to equilibrate for one week at room temperature. '

A quantity of 50mg of the BIT/ZnO complex was m}xed with 100g of the paint
(resulting in 0.05% of the specimen 1 in the table below, the other specimens were
prepared accordingly). Round filter papers (5.5 cm diameter) were coated with the
test material to a thickness of 150g/m2 wet and the resulting specimens dried at
room temperature. )

One half of the test specimen was leached by tap water (9 liters perm®) ina

beaker. The specimens were dried at room temperature and sterilized by gamma

radiation from a cobalt 680 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
appmpriate temperatures and then dituted 1:100,000 to result in a count of 104 cfu
per mi. 0.1mi of these diluted cultures were streakeci onto bacterial nutrient in Petri
dishes. The test specimens were placed coated sude downwards on the inoculated
nutrient and incubated for 1 day at 29°C.
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4.69 0% control 2 Interior Paint + 0.15% of
immobilized BIT I ex 8 BIT * 0.05%a 3.56 92.70% 3
Interior Paint + 0.05% of ZPT ZPT 0.05% s 4.18 69. 40%

l&¥e Exanple 4 Interior Paint 2.5% of : .
@E@Q%ﬁ;rsi on IPBC 1.00% s 4.53 30.600% Cros2007/010124
Conparative Exanple The activity of the imovbilized
Bl T/ ZnO conpl ex from Exanple 8 as a dry-film

The growth of the bacteria on the agar under the test specimen was rated as

follows:

oH | No bacterial growth under the specimen, inhibition zone on the nutrient.
5 0 . No grawth of bacteria under the specimen.

G Growth of bacteria under the specimen.

Bacterial growth under the specimen was seen under the unprotected blank
material. Bactericidal protection is provided if there is no growth of bacteria under
10 - the specimen. ‘

Sample Sample indication Antimicrobial Film Psa un- Psa .. | Remarks
No 5 Active Conc. % | weight | leached ‘leached |-
(g/m2) 24h
1 interior flat paint™ + 0.05% | BIT* 182 1] G
_of immaobilized BIT /ex. 8 0.016% ’
2 interior flat paint™ + 0.1% BIT* 2tz 1] 0
of immabilized BIT /ex. 8 0.032%
3 Interior flat paint™ + Thiram 0.1% 223 0 G Comparative
Thiram . Example
4 Interior fiat paint™ + Thiram 0.2% 195 4] G Comparative
Thiram : Example
5. "1 interior flat paint + Ziram Ziram 209 0 G Comparative
! 0.1% : Example
6 Interior flat paint* + Ziram | Ziram 186 OH G Comparative
' 1 0.2% Example
7 interior fiat paint*™ —blank | none : 255 G G Growth
controf

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

15  Thiram = teframethylthiuram disulfide
Ziram = (T-4)-bis{dimethyldithio-carbamate-S,8")zinc)

This test demonstrated the efficacy of the immeohilized BIT/Zn0O complex from

Example 8 in very low concentration against Pseudomonas aeruginosa in a water-

20 based interior flat paint (40% acrylic bihder) using the modified Swiss Standard

SNV195120 Test. The effect was still present afief an artificial aging process (24

hours leached, submersed in‘water), demonstrating the durability of the antimicrobiai

substrate with immobilized 1.2-benzisothiazolin-3-one, . while conventionally
protected paint samples failed after leaching.
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bacteri ci de agai nst Pseudononas aerugi nosa DSM 939
was determned in ICl UK, 5 D anond Matt paint, a
commercially avail abl e water-based interior flat

[ % acrylic binder) according to the :
‘E@é@%ﬂ%%o (E) test The m crobi ol ogi cal test '}\ll{gfsuszeewomlm
perfornmed according to the procedure described in
Exanpl e 16. ZPT = Zinc Pyrithione 10 ! PBC =
di spersion: 40% 3-1 odopr opi noxy- buyl acar banmat e
suspensi on concentrate *BIT = B
1, 2- benzi sot hi azol i n-3-one total concentration -
This test denonstrated the effiecacy of the
i mobi | i zed Bl T/ ZnO conpl EXamentBxanpl e 8 in very
| A¥EIGANEEIHe RN GBIlIZERBNYEZnO o plEiAS Watdlipad Edggshell Paint
wat er - 15based jnterjpr flat paint (40% r.r\{‘l'i C
bi nder) usi ng ﬁ%‘“ﬁ#%m?gﬁﬁe "?Seasaﬁ.s Bénpl e 18
Activity of th¥ddifiethSwisscStabdardSBVAsaP2EXestn a
Wat er - Based Fl at Pai nt Agai nst Pseudonobnas aerugi nosa
Using a J1S Z2801 Test 20 WO , ‘
2007/ 1o eabiryf tedoomhiized M TZaRrammex Samdb@mple 8 as a dry-film

iﬁaabﬁ&aé O%th:jgti Pﬂ'sswafm@;als é@@/fgmlsﬁfnsmt WeEOWadClictehiied in a
rs Lo ur.c | rarte 7relate Q al. ng . .

REErR Y HIEER WPeaPToth QY1 ORI PRk 1S binder with
Bacomesied provoctel)uancbiiling to the modified Swiss Standard SNV195120, The

. composition of the paint, which is typically applied in wet rooms, is set out below.

Component _ ' Amount
Water ) 16g '
Hydroxymethylceilulose 0.2g
Calgon N ' 0.1g
Titanium dioxide (Rutil) ' 150
‘Magnesium atuminum silicate 3g
China clay B - 5g
Calcium carbonate Calcit 1.2.59
Iroh oxide | ' ) 3g
Mawilitﬁ DMI 772 (Polyacrylate dispersion

Celanese (formerly Clariant) 409
Texanol , ‘ 4g
Mergal K14 (in-can preservative) 0.29

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

The microbiclogical test was performed according fo the procedure described
in Example 14, ‘
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Interior wall paint - blank Blank 8 4.69 0% control 2
Interior wall paint + 0.15%of imobilized BIT / ex 8
BIT" 0.05%8 1.08 99.98% a Interior wall paint +

o I NYos# PT ZPT 0.05% 8 4.66 39. 5% Conpar at ip¢@rysz007/010124
\%xan'pl e 4 Interior wall paint 0.25% of | PBCd:'PsperS| on

* I1PBC 0.1%8 4.34 -

Sample | Sample indicaiion Antimicrobial | Film Psa Psa Remarks
No Active weight | unleached | leached
' Conc. % (g/m2) 24h

1 . | Interior Paint Eggshelt + | BIT * 739 G 0 Water-soluble growth
0.05% of immobilized 0.016% supporting paint
BIT fex 8 ingredients are

_ i washed out.

2 Interior Paint Eggshell + § BIT* 231 0 oH
0.1% of immebilized 0.032%
BiT/ex8

3 - { Interior Paint Eggshell + | Thiram 0.1% | 221 G- ) Comparative
Thiram Example

) Inerior Bant Eggshell + | Thitam 0.2% | 222 G G Comparatve
Thiram Example -

5 Interior Paint Eggsheli- 221 ) G Growth control
blank

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

This test demonsirated the efficacy of the immobilized BIT/ZnO complex from
Example 8 in very low c_oncentraﬁon against Pseudomonas aeruginosa in a water-
based interior eggshell paint (40% acrylic binder with an adhesion promoter) using
the modified Swiss Standard SNV195120 Test.

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
bactericide against Escherichia coli was determined in ICl UK, Diamond Matt paint, a
commeréiaily available water-based interior flat paint (40% acrytic binder) according
to the JIS Z2801:2000 (E) test (Japaﬁese Industrial Standard Z22801:2000 (E) test,
Antimicrobial products - Test for antimicrobial activity and efficacy).

The complex was coated on to Lenefa Scrub Resisfance test panels, with a
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 darii for 7 days.
Subsamples were cut (each 50 mm x 50 mm). The samples were inoculated with a
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ZPT = Zinc Pyrithione |
IPBC = dispersion: 40% 3-lodopropinoxy-buylacarbamate suspension concentrate
*BIT = 1,2-benzisothiazolin-3-ocne 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 Z22801:2000 (E) Test. The data '
show that Escherichia coli did survive for 8 hours on the water-based interjor flat
paint (40% acrylic binder) not treated with the immobilized BIT/ZnO complex, The
immobilized BIT/ZnO complex reduced the bacteria ievel 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 Fiat Paint
Against Pseudomonas aeruginosa Using a JIS Z2801:2000 (E) Test
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Recovered inoculuml|b Interior wall paint - blank
bl ank 24 3.88 0% control 2 Interior wall paint +
0.15% of imobilized BIT /ex. 8 BIT * 0.05% 24 2.52

A Intenor wall paint +. 0.05%of (ZPT),
‘gééi”ﬁli%“%. 04 85.5% Conparative Exanple 4 | ntr'éﬁﬁg%oomimm

wal | paint 0.25% of |PBC dispersion |PBC
Sample | Sample indication Antimicrobi | Contact tog Kill rate % Remarks
No at Active fimehrs | (Clveny™ { related to
Conc. % biank paint
ia Interior Paint-- blank | blank - o 5.1 - Recovered
) : ) inoculum
1 Interior Paint - blank | biank 8 4.69 0% | control
2 Interior Paint + BIT* 8 3.56
0.15% of immobilized 0.05%
BIT/ex8
92.70%
3 Interior Paint + ZPT 0.05% B 4.18 Comparative
0.05% of ZPT i Example
69.40%
4 Interior Paint 2.5% of IPBC . 8 4,53 : Comparative
lPBC-dispersior_t > 1.00% - Example
30.60%

The activity of the immobilized BIT/ZnO complex from Example 8 as a dry-fiim
bactericide against Pseudomonas aeruginosa DSM 939 was determined in IC! UK,
- Diamond Matt paint, & commercially available water-based interior fiat paint (40%
acrylic binder) aécording to the JIS Z2801:2000 (E) test. The microbiological test
was perf&rmed according to the precedure described in Example 16.

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

This test demonstrated the efficacy of the immobilized BIT/Zn0O complex from
Example 8 in very iow conceniration against Pseudomonas aeruginosa in a water-
based inferior flat paint (40% acrylic binder) using the JIS Z2801:2000 (E) test.

Example 18

Activity of the Immobilized BIT/ZnO Compiex in a Water-Based Flat Paint
Against Pseudomonas aeruginosa Using a JIS Z2801 Test
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rat e THe REAHES the ilth8BikzRPBIYZNO complex from Example 8 as a dry-film
baciericide against Fseudomonas aeruginosa DSM 939 was determined in the paint
described in example 15 according to the JIS 72801 test. The microbioloéical test

was performed according to the procedure described in Example 16.

ZPT = Zinc Pyrithione

" IPBC = dispersion: 40% 3-lodopropinoxy-buylacarbamate suSpenSion concéntrate

*BIT = 1,2-benziscthiazolin-3-one fotal 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 Z22801.

Example 19
Activity of the iImmobilized 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 compiex 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 Z2801 test. The
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Remarks la Interior wall paint - blank. blank 0 3.04
Recovered inoculumlb Interior wall paint - blank
bl ank 24 3.30 0% control -2 Interior wall paint +

\’g(‘) %&%’1@_‘645! mobi | i zed BIT! ex 8 BIT* 0.05% 24%@?@%203%(%{)124

nterror wall paint + 0.05%of ZPT ZPT 0_0O

microbiological test was performed according to the procedure described in Example
16. After equilibration, the specimens were leached in water (24 hours) to simulate

use conditions in a severe environment. The paint film was cleaned by water jet.

Sampie | Sample Antimicrabial { Contact Leg Kill rate % Remarks
Ne indication Active Cone. | time hrs {Ciwem®) related to
% biank paint
ia Irterior wail blank o 4.18 Recovered
' paint - blank - ) noculum
1o Interior wall blank 24 3.88 0% controf
: paint - blank _
2 Interior wall BIT* 24 2.82 95.7%
: paint + 0.15% | 0.05%
of immohilized
BIT fex. &
3 Interior wall ZPT 24 3.04 85.5% Comparative
paint +'0.05% | 0.05% Example
. of (ZPT)
4 Interior wall IPBC 24 3.76 25,0% Comparative
paint 0.25% of } 0.1% Examplie
IPBC-
dispersion *
ZPT = Zing 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
Exampie 8 in very low concentration against Pseudomonas aeruginosa in an interior
-acrylic wall paint using the JIS Z2801 test simulating severe environmental
conditions.

. Example 20
Activity of the immobilized BIT/ZnO Complex in a Water-Based Flat Paint
Against Escherichia cofi Using a JIS Z2801 Test
Simulating Severe Environmental Conditions

The activity of the immobilized BIT/ZnC complex from Example 8 as a dry-film
bactericide after artificial aging against Escherichia coli was determined in ICt UK,
Diamond Matt paint, a commercially available water-based interior flat paint (40%
acrylic binder) according to the JIS Z2801 test. The paint specimens were prepared
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10

15

20

3.04 20% Conparative Exanple 4 Interior wall paint

0. 25% of+« | PBC- di spersion* IPBC 0.1% 24 3.76 35%

Conparative Exanple ZPT = Zinc Pyrithione | PBC
on: 40% 3-1 odopr opi noxy- buyl acar ba

W%?%’Zﬁ%f %gn concentrate 10 *BI T = Pefosa007i010124

1, 2- benzi sot hi azol i n-3-one total concentration

This test denonstrated the efficacy of the

i mobi |ized BI T/ ZnO conpl ex from Exanple 8 in very

| ow concentration agai nst Eschenbhia coil in a

 ueigsEcliRses dbakeid 95 m%kflsaogégf’/eee%xg'p%nfarrﬂg@%tmdmg o

the JIS 72801 test sinulating severe Is
B PRI GBI ORI G Ger ek iEeliney e sprcimens were
leamiod ini vester mTHchQ t@@rmuig@e use condlibAs MBRseekryY@vironment. The
E&tn& a é}{ d | ow-vol atile arganic
Hpound ?Q}w\% prepared according to the
foI | ow ng fornmula: V\D 2007/ 139645PCT/ 1352007/ 010124

B EEple indierWe T Do oAV FOdmadal €log 21 T it OF Rdmans
D& 3 0] 000 PV 020 | ActiveConc. | time hrs (Chuem™) refated to
| % ’ blank paint
Ta Interior wall paint - | blank 0 3.04 Recovered
) hlank . inocutum
ib interior wail paint - | blank 24 3.30 0% control
- biank }
2 Interior wall paint+ | BIT* 24 273 3%
0.15% of 0.05%
imemeabilized BIT /
| exB
3 Intertor wall paint + | ZPT 24 3.04 20% Comparative -
0.05% of ZFT 0.05% Example
4 Interior wall paint IPBC 24 3.76 35% Comparative
0.25% of IPBG- 0.1% .| Example
disparsion * )

£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 co'mplex 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
environmental conditions. '

Example 21
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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IVHEC nodi fi ed Cal gon N neu 0.20 Pol yphosphate Sodi um
hydr oxi de 25% 0. 10 pH-regul ator Borchigel 76 0.25%
Bor chi gen NA4O 0.50% Kronos 2160 10.00% Ruti |

‘%8‘5@?1&&? 4 nnt alc M 30 SL 5.00% Ext ender Chi nﬁcﬁ'u‘g%owomlu

10

ender Oryacarb 10 QU 19. 60% Ext ender
Onyacarb 5 QU 10. 00% Extender M I1 base 30 mn at
2000 cycles/mn

Ingredient; | % weight comment
Water - 2175
Walocel XM 30,000 PV 0.20 MHEC modified
Calgon N neu ' 0.20 Polyphosphate
Sodium hydroxide 25% 0.10 pH-regulator
Borchigel 76 0.25%
Borchigen NA4Q 0.50%
Kronos 2160 10.00% Rutil pigment
Finntalc M 30 SL 15.00% T Extender

| China Clay : 4,00% Extender
Omyacarb 10 GU ' 19.60% Extender
Omyacarb 5 GU : - 10.00% Extender
Mill base 30 min at 2000 cycles/min ) .
Mowilith LDM 1871 ' 23.00% . Binder—Vinyl-Ethylene-

' copolymer

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 béaker. After the times indicated in the Table below, test
specimens were taken and dried at room temperature. The total BIT concentrafion
in the test paint films was analyzed by HPLC after an aikaline hydmlys:s and

extraction of the leached paint films.
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15

Mowi lith LDM 1871 23. 00%

Bi nder - Vi nyl - Et hyl enecopol yner Water 5.40%
Preparation of test specinen: The i mmobilized
Wb et iRkex fromexanple 9 (10% BIT) was | nCQE?RfSQJo%mu
as (t'he 'ast conponent in the paint at the levels
indicated in the Table below. As a conparative

conpound, a commercially avail able solution of

BI T-Lithium (Mergal (r) KLON) was incorporated into

the paint (sanples 2 and 4) in the seine manner. The
R S T e g e A T T YT KU i
at! NoOOM t grmaask Ur €. Round} daklel €F  papelac-] Léacalﬂ
dilanet er) lwas coated wi th [duestéresB!Tppisnt s jand t he

rgsul ting lo specinens dri ed“"‘ﬁt’w'r%m Bifpen&Tire| The

S DT Ao IR hSr i & e ters
pgr _nR) inea Y " rndi

eaker. After| the times|indidated In the -

Tgd# e bel qw; 3% esi wapedutivenst.aeey e t akp; and 1dr | efiCabparative
rc%@% BLT conckntratlian | appple
tgst pai nt| 519 RPIRE=SHHAN 2% %y HPLC®af t ¢P%an

al[lgar e el Water sOllion {0,656 1 O11_Of 1 t e threachesimaratve
pdint fil wf10AMTROOT/sABI645PCT/ 1JS20D07/ 010124 | Example
Speci men No Antim crobial added to the paint

Antim crobial active substance BIT wt-%w wet paint
ah.Leach- % BI T* 24h Leach-% BI T* Conment 1 0. 3% of

i mobing Yty arecgxprgsspt 95, %o of the amount found from the original

(‘unleached”) paint sample. This eliminates the error from the variances in

=

exiraction method and recovery rates.
This example demonstrates the immobilization of the BIT/ZnO complex in a
water-based VOC paint film.

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 woaden 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 wére prepared as deécﬁbed in example 21. After
equilibration, the paint specimens were leached as described in exampie 21. The
leaching water was exchanged after 24 hours. '

Specimen | Antimicrobial Antimicrobial 24h ' 48h Comment
No : active substance Leach-% Leach--
) BIT wi-%/wt wet BT % BIT"
paint
1 0.3% of immobilized 0.03% 50 27
] BlTex. 9
2 D. 3% as water solution | 0.03% 7 0 Comparative
- of 10% BIT lithium salt __| Example
3 0.5% of immobilized 0.05% A7 36
BlTex. 9 : _
.. 0,5% as water solution | 0.05% 10 2 Comparative
of 10% BIT lithium sal _ Example
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2 0.3%of a water solution of 10%BIT lithiumsalt
0.03% 2 1 Conparative Exanple 3 0.5% of immobilized
BIT ex. 9 0.05% 49 24 0,5% of a water solution of
‘#ﬁ%(ﬁ | Jochd thiumsalt 0.05% 1 1 Conparative E’f’?’fms%nwmmm
e resul?s are expressed as % of the anount toun
fromthe original ("unleached") paint sanple. This
elimnates the error fromthe variances in 5
extraction nethod and recovery rates. Thi s
exanpl e denonstrates the i mobilization of the
Bl T/ Zhits cerapipéx demonstvates theh ismdbli@@opaifribe BITANO complex in a
Eéﬂﬁ@r&al%?a&é?lab%@ﬁ&lep Eé&l@;bﬁé‘ﬁ)pkﬂypﬁ%ﬁt' BBl é.ﬁ}%ces based on

i'n, an Al kyd-Acrylic Binde

' ?@%ﬂaﬂ%‘*%@rre@mfu ally available Lar co Type 147

( Den“Whlﬂé kt)healn\ﬁ@ﬁiﬁfn Iﬁ#%ééll 2 rhh&tia@éhl EP?Efelfeﬁ%e Y@é}ﬁ—ﬁd fic arﬁi preferred

Sﬁikg%c%s@%g %ﬂ%p:xn ])c/g\gﬁfaé{ \;hp& gxgel clI rt]haetr vanations and

muddicptiorst ethyi heonad‘ae thpaugh ramthet hméi;nfmﬁdtbnf?hdngr@cﬂice of the
n r S . ,

e e Car i, i ERERGER & SRR A0 b B Pl i dforesoing

dasciiptien;| hyéép b deﬁrmﬁﬂsethﬁﬁppﬂ’h@ed daivts angl their equivalsnts.

exchanged after 24 hours. Specinmen No Antimi crobi al
Antim crobial active substance BIT w-%w wet paint
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24h Leach-% Bl T* 48h Leach- "k BIT* Comrent 1 0. 3% of
immbilized BIT ex. 9 0.03%50 27 2 O 3% as water
solution of 10% BIT lithiumsalt 0.03% 7 0
Conparative Exanple 3 0.5% of immobilized BIT ex. 9
0.05% 47 36 4 0,5%as water solution of 10%BIT
lithiumsalt 0.05% 10 2 Cft?rrparative Exanpl e

CLAIMS:

1. 1,2-Benzisothiazolin-3-one or a salt thereof characterized in that it has been
immobilize on zinc oxide; wherein the weight to weight ratio of 1,2-benzisothiazolin-3-

one:zinc oxide is from 1:20 to 3:1.

2. Composition according to claim 1 wherein the amount if immobilized 1,2-

benzisothiazolin-3-one is from 40% to 1005 of the total amount of 1,2-benzisothiazolin-3-

one.

3. Composition according to any one of claims 1 to 2 wherein the infrared spectrum

includes bands at 910, 899 and 797 cm™.

4. Composition according to any one of claims 1 to 3 wherein the infrared spectrum

does not includes bands at 1645, 1055 and 880 cm™

5. Composition according to any one of claims 1 to 3 wherein the immobilized 1,2-
benzisothiazolin-3-one/zinc oxide complex is having a particle size distribution from 0.8

pum 50% to 10 um 95%.

6. Composition according to any one of claims 1 to 5 further comprising a
component from the group consisting of antimicrobial agents and fungicidal film

preservatives.



WD 20071139645PCTTUS2007/ 010124 Thi s exanpl e
denonstrates the i nmobilization of the BIT/ZnO
conplex in a conercially ayailable water' reducible
topcoat paint for wooden surfaces based on an
al kyd-acrylic hybrid binder. While the invention has

7. beefohposisibh at@ddiby to efyerrendeldims d gedi fﬁrtherammpnsmg adjuvants

referred 5 enbodi nent s, those SEJ||ed in the
seloclgel f1op 66 TRl SHAEUN O oPHEBHS S0 AR AT PR i vents
proc%?mgﬁggltﬁgg GGRvED #} sﬁ&z& PEYLARI AL ONstaNHyPEAGhESE water-

I nvént| on. fe invention is i ntended not
solul® dre Wited-inedubly tljes, fcni@tg qigigentss ciccgivesn cotsation oinbibitors,

fined by t he ended cl ai s an dtheir,e |va e
antis S crni ageis, A SKPHEER SO PRGSO caf g S,

t hereof characterized in that it has been i mMmopbilize

on zjnc oxide;, wherein {he weight .to .wei rgt.i o of
M ok ks obized 5 et - phiad ofe
conqﬂﬁ% unt1hgggg #tion according to claim1 wherein

bilized 1,2- benzi sot hi azol i n- 3- one
i q)rbwdmgém%me 1006h intlutereant iptradbikizing ﬂfff=Q§lﬁ’ ¢ amount of zinc

: i‘&“@&q’é%ﬁg g“"&fwagff‘a? %%11’{38 St @ﬁaﬁd}eﬁ alcohol, or
| rHIhB{tﬁ@ (BERESH bt Rfeinki6iBiaDagss dﬁbol%cpm a0 hE3 End

cm 1. . Conposition according to any one o ai s

1 spbc@d\ﬂm;m diergrovpecangisting ell,3heatipeihnadios3-nee salts of L2-
cl ude at 1 5 880 cm1 5.
Og’r?ﬂ%lg?tﬁ}agﬁﬂ%fgbéﬁuanng ]{xglrgsn%egénbg of claims 1 to 3

whggei n the i mmobilized 1, 2-
benzi sot hi azol i n- 3- one/ zi nc oxi de conplex:is haV|ng a
paredipitasingitheantiniciobinl egH 19 Proghes @ igianldzed d-20 um
95Y% to any one of clains 1
%%¥§§¢¥%85 g%ﬁ%??@ﬁﬁ?%?%&ﬂ%%nent fromthe group
C aind indickdig thaf mimire inchudebh ainca:gmnosnchsediedtmﬂgmm ithekagroup
f|In1preservat|ves 33, 7. osi tion, accordi

n

arvgnustinet zncghierde, rige érqmafl? ¢ st e 68%%
S?hﬁ&&ﬁﬂdﬁﬁﬁﬂh&@&x&HOUp consi sting of organic blndlng
agents, auxiliary solvents, processing additives,
fixatives, plasticizers, UV-stabi | i zers or stablllty

9. €én hﬂﬂ:ctﬁétﬁod WRLigHn 8OWALRLR 10 wiBhelo-wa SR 6F tHY 8Stimicrobial
color pignents, siccatives, cOrrosion inhibitors,

agentaniid sedd Isdimemf 28gedtls, anti - skinning agents, and
conpl ex basic salts of carboxylic acids. 8. Method
of preparing an i mobilized

10. 1. THRGAZhSPIEIZEPB oP9 %h@&% ReNRuRKpidSe fRMALSWater.

conprising the steps of: providing a m xture which

i ncl udes an |nnDb|I|Z|ng effective anmount of zinc

oxi.ge; | i gui,d._phase inc i n
1Ly z;'ﬁ’t‘?ﬁ%%h%‘# gﬁﬂﬁﬂ“ﬁ@cﬁ%ﬁr% 8%8?”?1 %Il% eehdr%aﬁ}ﬁ%f &t eof
: and an anti m crobi al agent dissolved in the liquid
phase and sel ected from the group.consisting of

12 1 Thsancthedohtlainof in whiehnibe ag@migokial agent is precipitated by
| d
coolind e R B8 Bel P e s oH bY B M0 By R0C

i mobi |i zed 1 2- ben2|soth|azolln 3-one/ zi nc oxide
conpl ex, and mherein the m xture includes a zinc
compound sel ected fromthe group consisting of zinc
chloride, zinc brom de, zinc acetate, zinc formate,
and zinc nitrate and m xtures thereof. 9. The nethod
of claim8, wherein the weight to weight ratio of the
antim crobial agent:zine oxide is from1:20 to 3: 1.
10. The nethod of claim8 or 9 wherein the liquid
phase includes water. 11. The nethod of clai mO,
wherein the |iquid phase has a pH of 7 to 8.5. 12.
The nmethod of claim@8, in which the antim crobia
agent is precipitated by cooling the mxture, by
neutralizing the m xture, or by mlling the m xture.




34 13. The method of claim8 wherein the immobilized
1, 2 benzi sot hi azol i n-3-one/ zi ne oxi de conplex is
prepared as solid material or as dispersion
concentrate. 14. Immobilizéfl 1,2
benzi sot hi azol i n- 3-one/ zi nc oxi de conpl ex preparabl e
13. by TRy nmRfRde clait Sretidieid shofmmbltingl B2 benzlsdthiabhin-3Usi/zine
~of a conposition according to any one of clainms 1 to
oxidgcompplen isprepaned a5 selishmaterialer s dispersiongeBceaiar di ng t o
cl ai m 15 whereirn the conposition is used for the
protection of aqueous based pai nts and coati ngs,
14. adh@sinebiliz¢di ,pbesdsRhiazolirs 2 ahanins oxitizubknplexprepatdbhgby any
i nks, netal fluids, polynmer enulsions, pignent
one ¢fjthpwediodhaf clagsei@d 3 ndust ri al products, |ubricants,
or caul ki ngs :

15. Use of a composition according to any one of claims 1 to 8 or 14 as

antimicrobial agent.

16. Use according to claim 15 wherein the composition is used for the protection of
+ aqueous based paints and coatings, adhesive, joint cements, sealants, caulks, printing
inks, metal fluids, polymer emulsions, pigment dispersions, aqueous industrial products,

lubricants, or caulkings.



