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BACKGROUND

15 Poly(isobutylene-co-isoprene), or lIR, is a synthetic elastomer commonly
known as butyl rubber which has been prepared since the 1940's through the
random cationic copolymerization of isobutylene with small amounts of isoprene
(1-2 mole %). As a result of its molecular structure, |IR possesses superior air
impermeability, a high loss modulus, oxidative stability and extended fatigue

20  resistance.

Butyl rubber is understood to be a copolymer of an isoolefin and one or
more, preferably conjugated, multiolefins as co-monomers. Commercial butyl
comprises a major portion of isoolefin and a minor amount, not more than 2.5
mol %, of a conjugated multiolefin. Butyl rubber or butyl polymer is generally

25  prepared in a slurry process using methyl chloride as a diluent and a Friedel-
Crafts catalyst as part of the polymerization initiator. This process is further
described in U.S. Patent No. 2,356,128 and Ullmann’s Encyclopedia of Industrial
Chemistry, volume A 23, 1993, pages 288-295.

Halogenation of this butyl rubber produces reactive allylic halide

30  functionality within the elastomer. Conventional butyl rubber halogenation
processes are described in, for example, Ulimann's Encyclopedia of Industrial
Chemistry (Fifth, Completely Revised Edition, Volume A231 Editors Elvers, et al.)



Hal ogenation of this butyl rubber produces reactive allylic halide 30
functionality within the el astonmer. Conventional butyl rubber hal ogenation
processeswar®id®sewi bed in, for exanple, Ul mann's Ency®Copeto/mhHis9

I ndustrial Chemstry (Fifth, Conpletely Revised Edition, Volune A231
Editors Elvers, et al.) and/or "Rubber Technol ogy” (Third Edition) by
Maur i ceahghor 6prbmﬁe@an01@gx“\@ﬁIrM&quwObsRMaMﬁ@egw ephantey 19d8an,
particu . - p inc hal i de

functi oh@ﬁr?f‘@% eé’ﬁ'?%%%%‘?‘"%%% @(?S/ iéﬁ"ggﬁﬁkjf@t ?gzﬁrdgglcti ons. It has been

recently shoWhet bedsenceatbofreallyliof hbafiden fumictidndlitieg! atlowbe for( BluckRophlich
ni trogen and/ or phaosphorus based nucl eophiles, in the solid state, |eads to
the gendlkylation twrctiong.pishas PERBSEEAtINMIShRWNNthat d&eatRen 8f shrorinated

cheng ca [ seer , o v ; j R oA

Cnom S buBLFHENT 8056 OREIH apdorSuiosp R Bardy Uit 08,
5671- 56d0 S28@5;leRds et thd gerferatibn séfoWR-based Resandes wifR iferastieg 45,
8091-8096, 10 2004 ; Parent, J. S. ; Penciu, A ; Qillen- Castellanos, S .
A.; Li sRBygicalsand phemira) praperiies (R dtalPBL Wl &s; biskovay 7y YWRitheyaib4).. The

i onomer of i | I . r i | & O or
phosphoRSISHeSds! JotiloPPRERRSStichRindIr A PRAMEECRbni) AS00EPLP -
produce58n9 ap005 Parent, PhaSphaskove) IoNResgidey) R.eBphataervas, y80gheophysi cal
properties of these BlIR based iononers 15(green strength, podulus, filler
i nthac?p%s' Rareny, dr 8- subensigr A o GHillan-o¢astelanohon- i Snokiskpra, A,

count er . ! i v o 41 on of
par a- met ffnsetyyﬁére‘e' I*%cr?ﬁ@l%&@é;%B?%{Iﬂﬁoj—?h%ﬁ%@ﬁbﬁ;@gpﬁgg{e‘rtofuﬂr‘gct%%ggy" | B and
I P m xei gersrated fomAtHel Béadlidnasf @ mitrogeroo) phespihdreus roageli mitieapidieul ar

wei ght polynmer with up to 10 20 nol A) of styrenic groups randonmy

i ncor poPatdae a’ﬂ"bﬂ'#ﬁ;h@h{g'?‘ pites, inetheciBlAR fo Pradycesan gpodk BBPhOKRRIHEMet  al .
Rubber i : n :.155) i Eat of

par a- maﬁlﬁﬁf@ﬁ%’E%@&E?%gh?*%5B’éégﬁi]?rSFz?n”%e%r%ﬁutBﬁ%%? Wgﬁ% é(%%rgélrsv\ei ght

di st8i bygreen strength, hivelutugyifiller iinteradtionsastei)varey supdriori othosyl entheirThe

i soprene mpieties within the butyl terpolynmers can be hal ogenated by
convent NGAAPNHBEHEEUNEHERRIRg to sinilar Type Il and Type 111 allylic halide

structures a r : ] 884 and
2,458, 741 deztciﬁélk‘gggg'ﬁlg?prlgbpéa.p aétiéu Soé’r‘n’%g‘%d)%ﬁ‘?%ra@ , %‘;?%%'ré‘gﬁ‘éﬁsrt%%g
conpounds thdimixet afeedhofgbutyl bolypheizationoMatl, IBpaed 1P anixey, fe€d, Qithl8, 884

descri bes _the continuous preparation of IR wth isoprene | evels 3Qranging
from 3 FeCR/H aginitigiasheptiison amighmolesyar welght Ralymear withywip tedler

P OgCetng) 58961 LiRerib! YHdibshPhidiiny MidchBsAkdd Yaidhd R bBEnRkaShaer- Wt

(Kaszas, US 6,960,632; Kaszas et al. Rubber Chemistry and Technology, 2001,

75, 165). The incorporation of para-methylstyrene is found to be uniform

throughout the molecular weight distribution due to the similarity in reactivity with

isobutylene. The isoprene moieties within the butyl terpolymers can be

25 halogenated by conventional methods leading to similar Type Il and Type llI
allylic halide structures as the current LANXESS halobuty! grades.

CA 2,418,884 and 2,458,741 describe the preparation of butyl-based,

peroxide-curable compounds which have high multiolefin content. Specifically,

CA 2,418,884 describes the continuous preparation of IR with isoprene levels

30 ranging from 3 to 8 mol %. Halogenation of this high muitiolefin butyl rubber

produces a reactive allylic halide functionality within the elastomer. With these
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25 the leached material with other organic substances. As well, releasing these
agents into the environment increases microbial resistance to the agents.

Organic antibacterial, antifungal or antialgal agents have limited
incorporability into polymer compositions because, being organic, they typically
have a vaporization point less than the temperatures involved during the

30 formation of the polymer compositions. Previous studies have shown that

polymeric compounds containing permanently bound antibacterial, antifungal or
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negative effects on the physical properties of the polymer, rendering the polymer
less suitable for its intended application.
Although polymeric compounds containing an antibacterial agent have
15 been prepared and tested, very few examples with adequate antibacterial
capabilities have been discovered. In particular, a number of compounds are
effective against gram negative bacteria such as Escherichia coli and
Salmonella, but few are also effective against gram positive bacteria such as
Staphylococcus, Bacillus, Listeria and Streptococcus.
20 As such, the present invention is directed to the use of butyl ionomers in
reducing a population of andlor preventing accumulation of organisms, and

coatings for articles made from the butyl ionomers.

SUMMARY OF THE INVENTION

25
According to an aspect of the present invention, there is provided a use of

a butyl ionomer in reducing a population of and/or preventing accumulation of
organisms on at least a surface of an article.

According to another aspect of the present invention, there is provided a

30  method of reducing a population of and/or preventing accumulation of organisms

on at least a surface of an article, the method comprising providing a butyl

ionomer on at least the surface of the article.



30 nethod of reducing a popul ation of and/or preventing accunul ati on of
organi sns on at |least a surface of an article, the nethod conprising

provi di ngy@26uloyiqes ononer on at | east the surface of thepCECAR@O®00159
According to yet another aspect of the present invention, there is provided
a surface coating for an article, the coating conprising a butyl iononer

ef fective i nAceadaigy yetpomuthert aspechbf tshmpmsept myentiomgharscisrmurbuidedn of

th f f the article. 5The d
popal ot R BECRADS f"é‘? B0 HHF Rg 1 ERHITELE BRSO BT S ARt ibEd i

bi o- fOU| A ucfrgf t%nb@Féﬁ‘d/bﬁgré\}éhﬁhg FRlcUARIatioHN bﬁéﬁ‘g%nﬁ%fmé"bhﬁh@mda I'n

particu n rrer may be useful in“preventing the growth of
bi o- f i | sumacaof theamticle. surface of an article conprising the i onorrer

P ti t h. of bio-fil t t he
For nati on ot 166 CBA nisesaye ot tuaa s SHpURGSE o SRt RreestPgul i ng
over grggé@hufafisR gP8rg aﬁﬁsﬁngras?s%éiéiéd tWien Sdié-ff@tﬂﬁlgOffoF h&atipie hiterldne

i onomer may prevent aceunul ats on ot organi sms by preventing an increase in
popul at fungi,cilgademolgzna emarthrdp)edaodnmmmﬂqr pheienemercoaybeansesul iof

b di f th to t h rticle,.
part1 cuPEEPRahe rawBhobR HoTim asaoRathd SHECE A ) ATEBBRTENSEo he
i onomer theTfEﬁ\dn%}O”PFe\}@hl’ln{;E{HH oh¥e OP%OHioaﬁthHweR/f coiBrise Grerfimgbineki I 11 ng

i ndi vi dual organisns (for exa% e, via cel nbrane di srup t| on? or by
i nhi®i t fatgatiepr @fdacwrdmuoﬂstIageroogmmm§f@ssoajaieqblwh b}o-ﬁmhegtwg

CF bsont oiel tha.2o 0% s ireh iafe ShEraay P bR TICE: bLas AT EE e armpl e

gr am negadvene abeghalatisn of éedarmsms k/érh‘t'nfg §@||nore£’§@wﬂ;§tﬁmﬂé‘t$orﬁ6fﬂhg' nosa,
or gram positive bacteria, such as Staphyl ococcus aureus or M crococcus

| ut eus. orlgemnsmganTmrmnmyercm;yrpreaemhamumuIatloemrmganmmby qﬂnpedmgM ger,
Peni ci | I n | u Aur eo | di I et om um gsum 25
The. or 2iPaBeREG tishBlaetlirar 53¢ BB, eap D3ty e RORRYT B 8 ER e
menps anﬁf@értlo@%ﬁﬁﬁ@mgstr@bidn%@ ”Pl*ie {dHIhE llnféysrléduce the pbp@latiotiadh Sms may
conprise nollusca, for exanple bivalve nollusks such as Drei ssena

pol ynor maqmmsmwlr@) inshividwali grgenismo $ior iample, viageslk menigizangga
ggsfe' Shisrdiotors OF 981 imBitgY (ORI BF INeCBRS s (8F WRpIET Bt ace?
affecting cellular DNA). A combination of the aforementioned mechanisms may
be present simultaneously.

20 The organisms may comprise bacteria, for example gram negative
bacteria, such as Escherichia coli, Pseudomonas aeruginosa, or gram positive
bacteria, such as Staphylococcus aureus or Micrococcus luteus.

The organisms may comprise fungi, for example Asperigillus Niger,
Penicillium pinophilum, Aureobasidium pullulan, or Chaetomium globosum.

25 The organisms may comprise algae, for example Ulothrix gigas, Calothrix
membranacea, Scenedesmus obliquus,or Chlorella sp.

The organisms may comprise mollusca, for example bivalve mollusks
such as Dreissena polymorpha (zebra mussels) or Dreissena rostriformis
bugensis (quagga mussels).

30 The organisms may comprise arthropoda, for example Crustacea sp.,

such as barnacles.



such as barnacles. WO 2010/ 091499PCT/ CA 2010/ 000159 The i ononer may
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DESCRI PTI ON OF THE | NVENTI ON The present invention provides for a
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hal ogen%te%\clleé) lf'rt % airﬁ 8856 b];géﬁﬂclferogmle. The nitrogen based nucleophile may
15 comprise an amine. The ionomer may comprise a cationic phosphorous based
functional group derived from a phosphorous based nucleophile. The
phosphorous based nucleophile may comprise a phosphine. The ionomer may
have an ionic content of at least 0.2 mol%, 0.4 mol%, 0.6 mol%, 0.8 mol% or 1.0
mol%.
20
BRIEF DESCRIPTION OF THE DRAWINGS

Having summarized the invention, preferred embodiments thereof will now

be described with reference to the accompanying figures, in which:
Fig. 1 shows a plot of cell density versus time, illustrating a reduction in

25  the population of organisms on a butyl ionomer surface.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides for a polymer composition comprising,

generally, a butyl ionomer or a partially halogenated butyl ionomer formed from
30 reaction of halogenated butyl co-polymers with at least one nitrogen or

phosphorous based nucleophile. The terms butyl rubber ionomer, butyl ionomer
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invention including isoolefins having, for exanples, within the range of
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15 amount of at least 2.2 mol%, 3.0 mol%, 4.1 mol%, 5.0 mol%, 6.0 mol%, 7.0
mol%, 7.5 mol%, or 8.0 mol%.

The butyl polymer is not limited to a specific isoolefin. Any isoolefin, as
known to those of skill in the art, are contemplated by the present invention
including isoolefins having, for examples, within the range of from 4 to 16 carbon

20 atoms. In one embodiment of the present invention, isoolefins having from 4-7
carbon atoms are contemplated. Examples of isoolefins for use in the present
invention include isobutene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-
butene, 4-methyl-1-pentene and mixtures. A preferred isoolefin is isobutene
(isobutylene).

25 Similarly, the butyl polymer is not limited to a specific multiolefin.
Multiolefins copolymerizable with the isoolefins, as known to one skilled in the
art, can be used in the practice of the present invention. Conjugated diene
multiolefin monomers are preferred. Examples of such multiolefins include, for
example, those having in the range of from 4-14 carbon atoms. Examples of

30 suitable multiolefins include isoprene, butadiene, 2-methylbutadiene, 2 4-

dimethylbutadiene, piperyline, 3-methyl-1,3-pentadiene, 2 4-hexadiene, 2-



Mul tiol efins copolynerizable with the isool efins, as known to one skilled
inthe art, can be used in the practice of the present invention.

Conj ugat i 60614591 tiolefin mononmers are preferred. Exanmptemiobtoosssch

mul tiolefins 1nclude, for exanple, those having in the range of from4-14
carbon atons. Exanples of 30suitable multiolefins include isoprene,
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5 et hyiatycGelpERIR RS CoydondRididie L iRaRASIERBdiene, and, mixtures

cycl ohexngicafeA gretarrad meptidisfiresadpases gograriext ures thereof. A preferred
mul ti ol efin conprises isoprene. 5In another enbodi nent of the present
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i nvention include, for exanple, styrenic nononers, such as_al kyl- 10
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present invention, the butyl polymer pay include, for exanple, random
copol ynefubshiuted oHyigneane SPESITIS opX@nBlesn @f pRlichL rermpnemeyeHaclude, for|n yet
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al kyl - suqted niath@gydlbpantadicp@at iIf thie- sfpedmienti dicthed praet invidtioh fhé ed to a
Cl-C4 al kyl substituted styrene. Specific exanples of styrenic nononers

i ncl ude,butyr pelymsramayeinciudest fiey | exayplensangomeeeolyBels efdsokityienest yr ene,
cycl.gpe ene el hyl ﬁ)ﬁ entadi ene. In this enbodi nent, the butyl
pol Jﬁerq eﬁ%cﬁ@ggérgﬁﬁ?%é{% ﬁ , random copol yners of isobutylene and

par a- net hyl stihyefenother emiddimenpef thegirese@sinvgtion, Bads edlefme maomndror med
froma m xture of nononmers described herein. In one enbodi nent, the nononer

m xt ur e 3% deseiied @gore.oin BOYIErBed With #hstwerigumppomsT gftr &fanaplei @vol ef i n

ot her g Vet AdBags RioidE dndloBaBitdh Bl FEESEG: about
99% by vakghsubshitiaed istpehel | SpsEifio ke bf efprabieUhondmicts Idtadyy fopi ght of

a nmultiolefin nononer. In certain enbodi nents of the present invention
thred® example, a-methyl styrene, p-methyl styrene, chlorostyrene, cyclopentadiene

and methylcyclopentadiene. In this embodiment, the butyl polymer may include,

for example, random copolymers of isobutylene and para-methylstryene.
Butyl polymers, as described above, are formed from a mixture of
monomers described herein. In one embodiment, the monomer mixture
25  comprises from about 80% to about 99% by weight of an isoolefin monomer and
from about 1% to 20% by weight of a multiolefin monomer. In another
embodiment, the monomer mixture comprises from about 85% to about 99% by
weight of an isoolefin monomer and from about 1% to 15% by weight of a
multiolefin monomer. In certain embodiments of the present invention three
30 monomers may be employed. In these embodiments, the monomer mixture

comprises about 80% to about 99% by weight of iscolefin monomer, from about



30 nononmers may be enpl oyed. In these enbodi nents, the nononmer m xture
conpri ses about 80%to about 99% by wei ght of isoolefin nononmer, from about
0.5%to awouwni1BH4yy wei ght of a nultiolefin nonomer andPCram22alwdwo1s9. 5%t o
about 15% by weight a third nononer copolynerizable with the isoolefin or
mul ti ol efin nononer. I n one enbodi nent, the nonomer m xture conprises from
about 836Yotabbaut QQP/bbweA@Ihtgtblftaodetiolefﬁmennernmﬂ)hem aboand&Yd® 0.5%
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t he |onoga§e2(§p/or|3%,yw 9hp{)ﬁ@§fﬁgmﬁrrﬁ@h@-né|al ogenat ed butyl poI ynmer havi ng from
0.5 to 2. % o he miltiol efin nonomer. For exanple, a hal ogenated

but y10 f or useOhnetthe utyls palymzo ls|fnvﬁa@|fmm|the|moegrr@rrralxwenénea ubit yI

h b I d | 2.2 I wh
Commor ci SRV ehVERY B YTt AR EAISBR LAY B esb AL o icRe  ne

name_BB202BqehReAMUsaIARBPY: RBRbUGH pblyndit ESRANNBMIPEE bARrinklis aRoTer s

may be pr epar ed from a hal ogenated butyl” pol yner having a
mul ti ol elp¢ pedormed @ccorging:icaiingl progessakrown biihesesskiledan the ey’eas ms ot her

mbod h h I
havi ng ot oty OGS ER 0GR B E AR o b il S £, e BY L
enmbogy ”EMburlb@eM@#ﬂoh' Kelver Aead&nic Hudliibrelkal pgenayed I?:OOYIanGOILMﬂWW s

greater than 4,0 mol ‘% In even another enbodinment, the muitiolefin content
of the hé¢@g‘@©lat§meddh9ﬂe"pol ymer is greater than 7.0 nol % The preparation

f a 30 bl e hi | ef i.n,.b bh
gr ege nt > IJInIlgnI'Ie &I‘Ieg eéan}I%‘Ié'I?%PIe b(Iaf SIII%UII%Igs%IeIn IIIeVIﬁ&PQB’IpI III‘E% alppgfpegerglaglée 884,
whi ch 'S?Iéib%\@éd)%ﬁi afIwaII@géwie@Xbu't)ﬂEﬁﬂdﬁigé%avmg fronPW. 5 RY 2R kg epasfitaa of a

but yl ynmer containi ng _conjugate nes, such as isoprene, sonme or all
of the rrmtldtIQIﬁ%féT mortsxmrerﬁoroexanh@ebat halogenstedrbuty! for use in the present

20  invention includes a halogenated butyl having isobutylene and less than 2.2 mole
percent isoprene which is commercially available from LANXESS Deutschiand
GmbH and sold under the name BB2030. In another embodiment of the present
invention, the ionomers may be prepared from a halogenated butyl polymer
having a higher multiolefin content, for example greater than 2.5 mol%. In yet

25 anather embodiment, the ionomers may be prepared from a halogenated butyl
polymer having a multiolefin content of greater than 3.5 mol%. In still another
embodiment, the multiolefin content of the halogenated butyl polymer is greater
than 4.0 mol %. In even another embodiment, the multiolefin content of the
halogenated butyl polymer is greater than 7.0 mol%. The preparation of a

30 suitable high multiolefin butyl rubber polymer, for use in the present invention, is



5 converted to allylic halides. The total allylic halide content of the

hal obutyl pol ynmer nay not exceed the starting nmultiolefin content of the
parent buwgl2opadoy4ver. The al lylic halide sites all ow forPCrgachinmyois®t h and
attaching a nucl eophile to the hal obutyl polyner. For hal obutyl polyners
containing no allylic halides, for exanple, halobutyl polyners derived from

i sobut y| described st c;o-éﬁndms;cannilﬁah@n EA 8e4q128y8$4s whichdgdncarperased ihgrein

hal ogenah ﬁ@f? the styreni c nononer, may be reacted to formthe iononer
rather tRAM A |c hal i des. The sanme logic would therefore apply to

benzylic hali @@ﬂngsh@lb%;éhalﬁ?om@fiaietmt¥lt belyhtérabomww@ vhjugatedrediesesoi et i es
cannot exceed the avail abl e anmpunt of benzylic des. I n one enbodi ment

of the pPeLLAE IFARERE §AME ﬁéamqf}hecmnﬁaplecﬁl@ Qﬂntﬁ@hefythecbqtyhaplymerslﬁt es of
the hal OBaﬁ\Yértq%g‘ta ’E{yh@ﬁ%hd%@“ ﬁ‘ﬂe}’%&t@ow %:eﬁal‘ideo%%nfargfw% Wawtgﬂﬁghgf us

cont al ni ng nucleophi’fe  having the ormula Owherein

ni t r ogenpolynfEto/mRYOnTS exased tRé staRirandnitBolafie cmitent of the oparche tgnyiup
consisting of linear or branched Cl-Cl5 al kyl substituents, an ary
subst i t uBAYM@i chihe %WH@CD@'MQ: escalipustar magtifgewiths.and laittﬁ@@ngaﬁd/ or a

hetero ahﬁ a0 ?HF&{ iﬁ]éi%%ﬁ/gﬁo@%%?p'l:%r h§ob'ﬂ I%oﬁ%rs cofn"i’:émgé faIGyllc t hose

Nucl eophi use ent’ | nven

nucl eophhbkded)dui egamipld, eraabbmlew@nterraldenwteddg@ﬁ |eoblmbre$ueh@mdjstyrenber
whi ch possesses a |lone pair of electrons that are electronically and
st er 1@al MPNRYIss PSPéY'!CoFaHS’@\St ifeimrd byhalagenatiosophthe §ty§%§tmf’ﬂ@m6ﬁ

ir ﬁgfhhg”ﬁ}aﬁs‘ée iggétﬁd %%ﬁﬂ RH{: H&l?oméPFatﬁgPﬁgnL@pg Eq %r?;ﬁgisé.e“l‘hé DYRRYbGR
would therefore apply to benzylic halides as allylic halides; the total amount of
ionomeric moieties cannot exceed the available amount of benzylic halides.
In one embodiment of the present invention, the allylic halide or benzylic
15 halide sites of the halobutyl polymer are reacted with at least one nitrogen or

phosphorus containing nucleophile having the following formula,

Ry~ R,

20  wherein,
A is a nitrogen or phosphorus; and,
Ry, Rz and R; are selected from the group consisting of linear or branched C4-Cis
alky! substituents, an aryl substituent which is monocyclic or composed of fused
C4-Cs rings, and/or a hetero atom selected from, for example, B, N, O, Si, P, and
25 S.

Nucleophiles for use in the present invention include, for examples, those
nucleophiles having at least one neutral nitrogen or phosphorus center which
possesses a lone pair of electrons that are electronically and sterically accessible
for participation in nucleophilic substitution reactions. Suitable nucleophiles, for

30  use in the present invention include, for examples, trimethylamine, triethylamine,
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triisopropylam ne,tri-n-butylam ne,trinethyl phosphine,triethyl phosphine,
triisopropyl phosphine,tri-n-butyl phosphine, triphenyl phosphi ne2-

di net hy| aworeoetdyasmol , 1-di net hyl am no- 2- pr opanol , PCT/CA2010/000159

2- (i sopropyl am no) et hanol , 3-di net hyl am no- 1- pr opanol ,

N net hyl di et hanol am ne, 2-(di et hyl am no) et hanol ,

52- di net tiseproppladinet hyti--bptytgraimel, ,  Bir2eihyiphesplineni ntr)ﬁhyiphwmﬁm,nol , 4-
di met hyl am no) - 1- but anol , N-et h han lamne rieth oIa ne
eyl ARt obHPBRSHANSE. (a1 kRIS o o Wi BT AOsE 2-

(di et hyggﬂ%tﬂg?a% gbsé 3Rb yhfman@m b rﬁﬁ‘?ﬁﬁrﬁﬂhﬁ ﬁ&mep%ahuﬁa)%tﬂam, 2-

(diisopr ano N- but yl di et ha
N-t er t - bGtdinditititmima- aufprnaano] N-methyldlethanolamlne 2-(diethylamino)ethanol,

(il et hy PRSI Fr A ProPaRele: EyeAa T RUFE RO ehancl, 4-

N-benzyl ¢ ﬁsnbﬁﬁrﬁ'tﬁnﬂb@@n%? ’\H\PEWYdiéﬂh%B%Whém nQne@rah@lamme 3-

i butyI am no anol N- mt t' ol ui di no) et hanol
- (4- dmthylapfimmprnpam)ldl et han8Hdiethylafring)2t, Zmoh@m@@olhoxy) et Byl[2-am ne,

3-(dib .| i o). 1- d the 15, f
thé or es R R AR R Tl aoE T corirBVPmias 2BuIRR -Bhe byl
pol ymer f(@yso%?o;maﬁwh\%)ét%%ﬂél CN? bUbe@ra@n%\érﬁiné vmieaf b&?lﬂlé&ﬁbﬁ@\bﬁmné np.anot her

enbodi ment, the "amount of nucl eophile reacted with thé butyl polyner nmay be

in the r&mng&mhénydﬂm[mwethenal rml a-(dimethydarsimogbenayl yet adoadoher eZdhbdi nent ,

e L e Ble B hL R IRgAT v D AIncBIRSREL L2 hhdaital oL

th glt g'buprg:n?éth?l@méﬂolé’ﬁm%' | W-pRet\AdictitarlarRRBzY bl@iiAlhfhdERRRRY, I1(he
ethyl-N-m-toluidino)ethanol, 2,2'-(4-methylphenylimino)diethanol, tris[2-(2-
methoxyethoxy)ethyllamine, 3-(dibenzylamino)-1-propanol and mixtures thereof.

15 In one embodiment of the present invention, the amount of nucleophile
reacted with the butyl polymer may be in the range of from 0.05 to 5 molar
equivalents. In another embodiment, the amount of nucleophile reacted with the
butyl polymer may be in the range of from 0.5 to 4 molar equivalents. In yet
another embodiment, the ratio of nucleophile reacted with the butyl polymer is 1

20 to 3 molar equivalents. The ratios of nucleophile to butyl polymer are based on
the total molar amount of allylic halide or benzylic halide present in the halobutyl
polymer.

- As stated above, the nucleophile reacts with the allylic or benzylic halide
functionality of the halobutyl polymer resulting in units of ionomeric moieties

25  where the allylic or benzylic halide functionality existed on the halobutyl polymer.
The total content of ionomeric moiety in the butyl ionomer may not exceed the
starting amount of allylic or benzylic halide in the halobutyl polymer; however,
residual allylic halides, benzylic halides and/or residual multiolefins may be
present. In embodiments of the present invention where substantially all of the

30  allylic or benzylic halides sites are reacted with the nucleophile, a butyl ionomer

11 -



As stated above, the nucleophile reacts with the allylic or benzylic halide
functionality of the hal obutyl polynmer resulting in units of iononeric

noi et i es wlRowhwn9t he allylic or benzylic halide functipematiA2010/@8i58t ed on
t he hal obutyl polymer. The total content of iononeric noiety in the butyl
ionomer may not exceed the starting amount of allylic or benzylic halide in
t he hal olsuoymedollprembodimeatewherelssgthan allithe iadlykapr beszylisdiatigeisitesal i des

d/ i d Ltiol efi b N di. f t
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sites are reaf esheMdribbdifhemCOEQREI bRosedt BiHydhtidroNMHER resiiiing Olo@eher! N
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reacted phgsesshe audnosontent of aaleastlisy Ml ‘%ogenidee@npoeyic medyerlni s

{ononbr pRtbel SsBGTER t Bholler e BeSRE AL, b ChiEhy ol AT S BRS¢
noi ety. hipl% AnPlehesnAbesi MBRity. t e y&NaABthePOSH®BBERFe@N theNighop®dit ent of

at least 0.75 nol % of the iononmeric noiety. In yet another enbodinent, the
i onomer possassesAmivnioapatend of @hleast 130 Mel¥s of thepionemeriss mokady.i bnyeter i ¢

noiety. |Ln yet another odiment, the iqnoner .posses L oni nt ent
of at | ed0pthEr SHEpdant IS ISiaigy PESsRRtEE, A 19T SuheT:408b, S9! dual
al lylic halvdsrheBondifielit Afgaly. i n an anount of from 0.1 nol % up to an
anount not exceeding the original allglic hal i de content of the hal obutyl

pol yh®r used 1o spmsdgases, Hesisweay allylnbakdes mayobe dresenfodi ammnaountesfi dual

ltioleti b t i t of . 94 t t
ot excelBMhg tReTaRPgR Al el afltHeaia bt Al b S fRefTscd o
15 produgehalbButidbelvier useel trmbdutd tinBugMepahigntin ot éraBbdinents,
mul tiolefin content of the iononer is at |least 0.2 nork. |n another

enbodi nergsidygempliolefitamayubei presentincant ampual of oM Ghbree!% dipato [aBast 0. 6

o nonner aBurE A8t Beestile e Shbinal MhrERT e Rie it ibe th) el iedo
mul t il?' ebircﬁlitﬁ,@ntrfé‘haﬂfbdtﬁepblgﬁ@?f?r _Iﬁ Sorieeéﬁrtboaﬂneﬂt-, Qh_éD}eoéiddaﬂ‘ maﬁioﬂéﬁﬁt her
enbodi nent, the residual nulfiolefin content of the iononner is at | east

2. 0 nol uconieny ef thenienheer érbbigiast A2 molle. deginathar embediviest ithe cesidealt  of

t he i ononer,.i,s.l east, 3,0 | % . I n yet.anqt her . ephodi t,. .the residual

mul 1 ol eMTHIR cRRMER (5o T SRR s St GSASt 0% THBAG 17 nVeh @ RIS men
of the peesifimeRl eRé r&idudiBultioRFRRIonE@ of IR IdrenedSs [ERNEAE YK Nint S
derived fromat |east one isoolefin nononer, at least 0.5 % of repeating

uni ts deiyel anothes mnpodimgst, tbagesidual mudtialefimoenaient of dml ieronneraistleaste

part 81 1y afIEndB Bt Rer shisfafRal 1 sERTHE! Mo ouardaie
m xture GsHaMméSRd éd 2.6 A%, 1 In @A dnatBi dnisddiment, theaesitngl hirioretmoner
m xture to form 30a pol yner, hal ogenating the polymer to formhalo

f uncti ongPntant &f the 1My {emigast 3.0 mol%. In yet another embodiment, the
residual multiolefin content of the ionomer is at least 4.0 mol%.

In one embodiment of the present invention, the ionomer may comprise

25  repeating units derived from at least one isoolefin monomer, at least 0.5 % of
repeating units derived from at least one multiolefin monomer, and at least one
nitrogen or phosphorous based nucleophile, wherein the butyl ionomer or
partially halogenated butyl ionomer is formed by preparing a monomer mixture
comprising the isoolefin and a multiolefin, reacting the monomer mixture to form

30  a polymer, halogenating the polymer to form halo functional sites on the polymer,

and reacting the halo functional sites with the nucleophile.
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and reacting the halo functional sites with the nucl eophile. The
pol ymer conposition, according to the present invention, may include one or
nore fil |wO2010891498bl e fillers for use in the present | RCEMA2010/000159
conposed of particles of a mneral, such as, for exanple, silica,
silicates, clay (such as bentonite), gypsum alumna, titanium dioxide,

tal c and the [Theeolysenedmpasitioni aceardngt todhe giresenirinventiony amay ivslusie

itable fillers include: . hij i sper.sable sili.cas repared e. g., by the
o eer i 1 anpatr Thdre it Suitableets BraRE R 3Re Prdiers et Do a e ufosta, o
hal i des, onipaftigide @ffd enifbfdl as6ciraRago0bxambe, 16Is, fefes adlhy (80ch asd00
n2/ g (BET specific surface area), 10 and with pri marK particle sizes of 10
to 400 nRENtONEEsi DylesigncalurmeE, dianiun dieddee tale eartithaslika, xasl Wl @s with

ot her_net al, oxi gdes ch as Al, My, Ca, Ba, Zn, Zr and Ti; synt hetic
sili C%lt e@ﬁx@g%%ﬁ]féeiﬁfum numsilicate and alkaline earth netal silicate;

15- magnesi um §iyrthepbRadplesadfGEuitabR fillgirRludd: t h BET specific surface areas
of 20 to 400 nR/g and primary particle dianeters of 10 to 400 nny natural

silicates, subighig dispgrsablensilicasheprepared £.9.y by cibear prasipitationcef, stigater al

| ays, h nt nori )| oni t h Ll i ng..cl ays:
ot gamophi |1 canPURBE g Tk SRR RREECS SR Bralife SRt ShBifE: Sifies,
nont nori | | oni beedd 895 t6 4000, pedé@iblye20 Iraaoglrﬁyg_(BEai $pudife SuirtaBeSaneiaher n
Clay Products) and other organophilically nodified naturally occurring

cl ay$d gl ass Endewith arithagy pastiqle isiespefotiita 400 muntt thegsilieas eariaptignalyr gl ass
m crospher es; also be present as mixed oxides with other metal oxides such as Al, Mg,
Ca, Ba, Zn, Zr and Ti;
- synthetic silicates, such as aluminum silicate and alkaline earth metal
silicate;
15 - magnesium silicate or calcium silicate, with BET specific surface areas of
20 to 400 m*/g and primary particle diameters of 10 to 400 nm;
- natural silicates, such as kaolin and other naturally occurring silica;
- natural clays, such as montmorillonite and other naturally occurring clays;
- organophilically modified clays such as organophilically modified
20 montmorilionite clays (e.g. Cloisite® Nanoclays available from Southern
Clay Products) and other organophilically modified naturally occurring
clays;
- glass fibers and glass fiber products (matting, extrudates) or glass
microspheres;
25 - metal oxides, such as zinc oxide, calcium oxide, magnesium oxide and
aluminum oxide;
- metal carbonates, such as magnesium carbonate, calcium carbonate and
zinc carbonate;
- metal hydroxides, e.g. aluminum hydroxide and magnesium hydroxide
30 or combinations thereof.
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met al oxi des, such as zinc oxide, calcium oxide, nagnesium oxide and
al um num oxi de; netal carbonates, such as nagnesi um carbonate, cal cium

car bonat gy@nflob 169 car bonat e; met al hydroxi des, BCCA210M0M5M
hydr oxi de and magnesi um hydr oxi de 30or conbi nations thereof. WO
2010/ 091499PCT/ CA2010/ 000159 I n one enbodi nent of the present

i nvention, thdnroneeembotiinhémtrofi the Jresemt. inventomtthe miastad dilerist silidkee i ner al
filler is silica prepared by the carbon djoxide precipitation of sodium
si | i cat e.anythergemberpRentsthe; m"a%raf)ﬁ[l%ﬁ & slica [rentied Py thesaran diqade
fillers iNeRipRSESH Fjpg&ﬁum éifibatt%.e present invention nay have a nean

aggl onerdte Bartlc e size in the range of from1l to 100 mcrons. In one
enbodi nent of Died mresmhiDUs nsibcd | paTticlebesudtabdal fanursehaasmendrat dillesr in cl es

have mean aggl onerate particle siﬁe in the range of fer 10, and 5?
m or ofls. AGOHBIRLMBribECREERYL Brenfien SFek BAve heAn sROIRIAl Pagite
anor phousgisd id e Péﬁ% 6f Borav® Pom&o«'f\gg' Iﬂ”@rﬁé‘temb]&iirﬁéhf bf:peet Efés%n't n the

range of from betweenh 10 and 25 mcrons. |In one enbodi mrent o e present
i nvent i oninvertidns tlee dtied@nadretoud atlich essticiémhal® apeearreggiymenate partale t he

| t i cl bel qw 5 i 0 i in sjze.
Sur't anl o SHeoHpBereRec P A Aad S0 Bncpamih enclheEykaRaEe: &l B
measur ed cprgg%ﬁgiﬂ(/é’ﬁﬁtﬁ? tHé HHe@'%éﬁ?ﬂ&i %gi%g '%@é hﬁv@‘%ﬁ%aﬁ%ﬁi’om&%té’et ween

15 50 an quare rfeters per g absor ption, measured in
accorldangearticleh s2eNirb 366 1rargfe hdt freen hES@eamd1@0and)r 25rsmpeon<.00 ligr amass  of

> to 10 paneanmery FehcaeseRtinveptenat s cantempleded hatiero A 1 BFIcEol o
under t heo)ﬂ%rl'éﬁlé:fftor{ez é@on*’é'r?ﬂee' p@rﬁéle@{‘ﬁe*ﬂﬁﬁb\g %ﬁﬁc@é 'dracRJle‘? 50" erERE

I ndustries Inc. Itabl e are Vul kasi kasi1 N, commercially
avai | abl enfsizan BajtableA@norphous dtied sdicafhidd, dorsexaraples edBER surtager asant

1T or s, TogeRLIEE: M agasAEraoks D1 PestrbedarbareaNaRs ool H i eebhagny
prepased Ky dnd€ab@Byuare meters per gram and a DBP absorption, as measured in
accordance with DIN 53601, of between 150 and 400 grams per 100 grams of
silica, and a drying loss, as measured according to DIN ISO 787/11, of from 0 to
10 percent by weight. Suitable silica fillers are commercially ‘sold under the
names HiSil 210, HiSil 233 and HiSil 243 available from PPG Industries Inc. Also
20  suitable are Vulkasil S and Vulkasil N, commercially available from Bayer AG.
Mineral fillers, as used in the present invention, can also be used alone or
in combination with known non-mineral fillers, such as:
- carbon blacks; suitable carbon blacks are preferably prepared by the lamp
black, furnace black or gas black process and have BET specific surface
25 areas of 20 to 200 m%yg, for example, SAF, ISAF, HAF, FEF or GPF
carbon blacks;
or
- rubber gels, preferably those based on polybutadiene, butadiene/styrene
copolymers, butadiene/acrylonitrile copolymers and polychloroprene.
30 High aspect ratio fillers useful in the present invention include clays, talcs,

micas, etc. with an aspect ratio of at least 1:3. The fillers may include a circular or
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bl ack, furnace black or gas black process and have BET specific surface
25areas of 20 to 200 nR/g, for exanple, SAF, |SAF, HAF, FEE or GPF carbon
bl acks; @yohrsilblaeisogel s, preferably those based on pol ybetBdisene/ 00159

but adi ene/ st yrene copol yners, butadi ene/acrylonitrile copol yners and

pol ychl oroprene. 30H gh aspect ratio fillers useful in the present

i nvention include clays, talcs, mcas, etc. with an aspect ratio of at

| east 1 Jionibsméirld agerEmy withch l#l’ély&nr(hé’éaﬂéﬂke @truce. The aspect ratio is
2010/ 091499PCUCA2010/ 000159 noni sonetric materials with a platy or

needl e- | i dafinedragther @tioafenaap séameter iod ai rair pf H@jsa@etaf@are@tthe faee @ban
di amet er tﬂ%qu?t% tb‘ibé da ﬂ1e asggco?rt i%ﬁet?ﬁe B@g%ft%t.b éoea&@ ha flpa? mean

t hi ckness at e |o f or e an er’s

fillers ighdped filetd & tﬂé rhBeof ergh t dieBiater. |hrbrw'lembabmbmmﬂth@bré§mt
present 5 invention, high aspect ratio fillers have an aspect ratio of at

| east 51: SNvemtialh digie aseesisatiendilersdiavenan gspeeratioof atigast,1:hi §haneihest
fil :
i ohaspet FoPaRsR o pREEh: [iehfiof b esbedt o brs fadlh AbeATARE, Mo

accor dancg lshsth1 Thy el a@0ther BreiddimeniEhigh apect @itiociRi® have ann@spect
particle size in the raggﬁe of fromO0.001 to 100 mcrons In 10 anther

enbodi nent@liof 17 iterls2Ghy Eillgrsrifancopadancs withithe presanidnvedige nay haves ©roos

and 50 m t i ldd & e |ze|n
the rangeosien s BRGH BficE0SRE Fofle ratds Bf JohT tfod & TRoRIGHEsS e

surf alge asther eRdidiradni, Millacchavaatesn tﬁanwlél sideeint mh@nbeobfsfmmeo 05 rr)
66131, of bet ween 5 and 200 square neters gram 15In one enpbaoadi nent of

the presed PAVBIFHORS, 'rha@whsésamodwra@nbfﬂlen8| e @dﬁ%” pagicle ﬁ&ﬁdeﬂa? such
as. Tor camml & g 0B Al Yy TBrl || £ AEBRCH Y. I)HRECS T gRE 0N 1

not limted“o a SpecificC nano ‘however
clays, susfeaasneaslirethinradrdans®d milthtDtNI(Uedehe Imrusﬁwwwtnb ®allzay fsuch

as hydr otgétsvlete% Sand |2%803m te are suitable exanples as
quare meters per gram.

15 In one embodiment of the present invention, high aspect ratio fillers
comprises a nanoclay, such as, for example, an organically modified nanoclay.
The present invention is not limited to a specific nanoclay; however, natural
powdered smectite clays, such as sodium or calcium montmorillonite, or
synthetic clays such as hydrotalcite and laponite are suitable examples as
20  starting materials. In one embodiment, the high aspect fillers include organically
modified montmorillonite nanoclays. The clays may be modified by substitution
of the transition metal for an onium ion, as is known in the art, to provide
surfactant functionality to the clay that aids in the dispersion of the clay within the
generally hydrophobic polymer environment. In one embodiment of the present
25 invention, onium ions are phosphorus based (e.g.: phosphonium ions) and
nitrogen based (e.g.: ammonium ions) and contain functional groups having from

2 to 20 carbon atoms (e.g.: NRy* “MMT).
The clays may be provided, for example, in nanometer scale particle
sizes, such as, less than 25um by volume. In one embodiment, the particle size

30 isin the range of from 1 to 50 um. In another embodiment, the particle size is in
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20 starting materials. In one enbodi nent, the high aspect fillers include
organically nodified nontnorillonite nanoclays. The clays may be nodified
by subst i¢lbd1909Qbe the transition metal for an oni um i opcT/@82018/06M8AMN i N
the art, to provide surfactant functionality to the clay that aids in the
di spersion of the clay within the generally hydrophobic pol yner

envi r onmghé .rahge @m&oﬁmqui:meptn ofn yétearutheecambodineatt] te pamcterrsnizens irar e
phosphor ys based é phosphonl umions) and nitrogen based (e.qg.

amoni umthérﬁ%')‘g%ﬁ fr@@’h?éﬁa f4fhct i onal groups havi ng from 2 to 20 carbon
atoms (e.g. Mn)to ilica,. the nZHSClﬁilé‘yrﬁa?Bé’ls@ o‘?ﬂé’i\zﬁ' erétd?f(%Fp' e,
in nanomet er sca e parti cTe i 765 suc ess y vo

one enbodilomiria. tIh@nmemm)U&nemlzehésmasnoctayshnayamgmamffrcbmo@mJiotd)OEWt%)m In
anot her enbodi mept, the partigcle size is in

2010/ (591@9@@@ Cioaneined SIHPdmENt ng@amclw%may qantaig fem Pre {fep Wbt her
enbodi ne t 0 I n
addi t1 on T4, REVes FiReEbaBolimert, W naRBEEYP mdy Qg fork 1 RIS e

al um na. alumamze enbodi nent, the nanocl ays may contain fromO0.1 to 10 wtw% 5

alum na. In another enb dlrrent th nano e talnfr mO0.5to 5 w%

al umi na. | n ydexanpiger dnseamasiRlly tﬁé‘a'??éﬂ% E@%‘ﬁﬁ%@ 6’89(9'3? PABRSIAYS o 3
wt % al I dified
al um iy {afﬁ u§é5m’°‘m14 Bﬁeégnh(h‘?vf@miroﬁ'z?é hﬁ/@%ﬁ%ﬁbﬂaﬁoﬁfp%ﬁ‘ ifcldey fapdifie

nanoclays sui or use'in esen aspect’ ratio
fillens iexdmple, tHose déldexadyrlthe ttdn:tesaamel Gloisitk® clays 1®Aa,d20AaBA abai, si t e0

clays 10A QgOA 6A, 15A, 30B, or 25A. |n one enbodi nt, 5 gect
ratio fild <Oy béna‘?il?eﬁmlbedtrﬂ%ntpme highnaspeshratio fi ‘ﬁr@n@?yt g ‘?rﬁ?é
nanoconp te i t he
Prount binE O BERA Hindter 0Bi & RaficoRfbosid In bR BPRONTS TS )

phr. In y&a pihmotIheantﬁhboém‘amﬂmehhetharmnotmtobf higi gbpect pratio frlla'rs in ftheé | er s
in the nanoconposite |s from5 e jononmer nmay be cured

or uncur d¥NARREIQSIELE frame Fcbﬁé n@yyeéo?ﬁﬂﬂi‘%ree@gﬁﬂ@?@ﬁt theygpiaped of r om a
curing sy, Iﬁpﬁ@sggt“@ra‘ﬁg‘?u% @fthélhrahB %ﬁénssﬁ%&%) égﬁ use is not

particul ar stricte I'sS Wlt urV|ewo person skilled in
the art. In ceftaioneambodiayebé cuoéd tdneurm:uleachntVVheneJnMed),nthecnnon@rWﬁaysystem
may be sul phur-based or peroxj de-based. pw@ pi cal sulfur-based curl n

systemc PESR .compongnigdarived; tiem @ SYSRM  dher ghoiggof cHiind o
| east one y%%%‘érwt%ﬁﬁeef&r sk %%Eﬁgaﬁmy?& reSfichld gﬁsw Yﬂmndtﬂﬁeﬂﬁ}n% o_nent

in the curlngssteml he art. eis
zi nc oxi deersohiskiletsy the auseld dsrnaiﬂnenwmmemsfofftherpremutm\lerttmmabunng 10. In
anot her enbodi nent of 25 the present invention, the zinc oxjde may be used

in a@%mwﬁerafmﬁvcnﬁ aWBlyr-ba Qﬁ abbgrovCe-pased meedﬁwfaépa%mgueag parts
by wei ghtg ?d}}ﬂhe 5 " tHH Wﬂg%!érﬁent'él %UFUFF qu 3% ealPBRE! Sing

corrponent erre curl ng emis ty I'n amounts
of from afdfuir-bas2dtarcelavator.2 Tiher dse bfmatalgixidespas ammdpmbmam Itlse kurimgi ght
butyl polyner in t e conposition. Sui tiﬂgl e 30sul fur based acceLerat ors

( conponentYSt¢Tii§ Wa ' knwiyieihe akd A SHitakle fyetpbryidedg zmie oxide, which may

be used in the amount of from about 1 to about 10. In another embodiment of
25 the present invention, the zinc oxide may be used in an amount of from about 2
to about 5, parts by weight per hundred parts by weight butyl polymer in the
nanocomposite. Elemental sulfur, comprising component (ii) of the preferred
curing system is typically used in amounts of from about 0.2 to about 2 parts by
weight, per hundred parts by weight butyl polymer in the composition. Suitable
30  sulfur-based accelerators (component (iii) of the preferred curing system) may be

used in amounts of from about 0.5 to about 3 parts by weight, per hundred parts
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used in anpunts of fromabout 0.5 to about 3 parts by weight, per hundred
parts WO 2010/ 091499PCT/ CA2010/ 000159 by wei ght butyl polyner in the
conposi t ivpg 20@0rgod M ti ng exanpl es of useful sulfur-basedr/aac@ber@Esors may
be selected fromthe thiuram sulfides such as tetranethyl thiuramdisulfide
(TMID), the thiocarbamates such as zinc dinethyl dithiocarbamte (ZDC) and

the thi azlyy vasightbbatybtpuilyamgt irc ding cxonosositiorh  d¥orb limitery epawipéas of hisehy |

di sul fide S). .In one enbodi ment of the present invention, the sul phur
based acc%glg?'l{%?di%cc‘r%‘?r@ Bobelz rﬁewgcjf)%ﬁﬁpd@]uram su '_QQPO%' te@Based
curing Syt%&r%%tﬁ?\ghﬁlbréﬁ réuﬁiu.let@mm{,%el{ﬁr%cafbatrﬁ@e@rs%ﬁras Figedifdetmyl For
exanpl e, a peroxl de-based curing system nay conprises a peroxide curing
agent , f oditreecarpbmateli (ZDG) apeértbri thégzytliandebenpothidzybeompiodads si@hbaazoyl
peroxide, 2,2'-bis (tert-bytylper i.i sopropyl benzene (Vuyl cup(r) 4QKE),
benzoyl pEEEERiebenZ b'&?ﬂea}%‘kﬁﬁ gﬁ%ﬂ%t)erﬁgb?f?%l%pﬁwpiuéi}yﬁé&rgsenq

2, 5-di nmet; PPl : i sy lfi

(2. 5 bi o (Lo 6 FOBREEYBEH LU IRRIRDR mescapiobenzotiany| disifidg, . g ,eh

per oxi de curi nBeoxyete basethcurigssyltemsyhayp atsoxialsuitatde far usenmdhe ipaddant

avai l abl e, under the nanme Di Cup 40C. (J n, one, enbodi rreqt the 15 peroxide
curing ag'@N?mi'%“-usESr iS¥agP@nBuRErAdeybaseq, cpring, PYSBREY M EPBWTFERt @ of
rubber (p e } hg;i Xy ri GRM i in an
amount of B%&)g(!gf%%gﬁfmg %%%?ggr%?h&lé’e%%@?ﬁmaﬁ%xﬁﬁé d]pg?gxi deI Bﬁrrdi*ng’agent
i s usHU i beraoyhpermide)f2, Abnist(tett. glutylp&xaxg diideprapyibenzene 4Yelcup®cédKia),so be

(e o0 BaENE Pkl oF ot dhiesila S SR RSB e, S e e
the name PIAK dh&sp Be?ewr?h&ar%,Nkrz,slméx?éw!-binﬂgews@b-@,%ﬁﬁeﬂﬁgp\ﬁe%n@VA- 2

(DuPont Dow), tri all;yl cyanurate (TAC) or liquid pol'ybutadi ené known as
Ricon D 188d (tsaifike.i Btebsucki peroxidesiunisg. agest ceimpeises dicwgnyl (peageide sanday  be

di ts . ivalent to . th f t d t | .
251 soneCOMBEP MM A D e Be pamey B o UG  dBidTe, BIBEUREN dRe dant s,
tacki {4 er Eero%ﬂfg ((éjﬁr_ir%} ?ﬁénﬁg@bbh‘ﬁ?%n%&r}ﬁ‘m d.21b b%soﬁersﬂﬁhr{dr?gﬁbahg%far t

may al so be added i e usual way and In the normal anobunts
conpoundi rupbehepbot il anothenemsbadimene thee peraxidencaring aagent ris ergeddinmant s

where the pal conposi tion inclydes the ion r, 30 fillers, curing
agents, oAU 6 AdP GaBi+i10as! e RPBHmRS. theyPHexsnp I Hdget ner
using conygsd iPHAlarkAIRBINHIE 4t SIS NPEKERIe &Hiﬁ@@b%g‘éﬂf@@é‘rﬁ‘%é&gbe used
in the present invention. Suitable peroxide curing co-agents include, for
20 example, triallyl isocyanurate (TAIC), commercially available under the name
DIAK 7 from DuPont Or N,N’-m-phenylene dimaleimide know as HVA-2 (DuPont
Dow), triallyl cyanurate (TAC) or liquid polybutadiene known as Ricon D 153
(supplied by Ricon Resins). Peroxide curing co-agents may be used in amounts

equivalent to those of the peroxide curing agent, or less.

25 In some embodiments of the present invention, stabilizers, anti-oxidants,
tackifiers, and/or other additives as known to those of skill in the art may also be
added in the usual way and in the normal amounts for compounding the butyl
ionomers of the present invention.

In embodiments where the polymer composition includes the ionomer,

30 fillers, curing agents, and/or other additives, the ingredients may be compounded

together using conventional compounding techniques. Suitable compounding
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WO 2010/ 091499PCT/ CA24110/ 000159 techni ques include, for exanple, m xing
the ingredients of the conposite together using, for exanple, an internal

m xer, suged e/ 08048@nbury m xer, a mniature internal m ReT/CAsuolo@EsY a Haake
or Brabender mixer, or atwo roll mll mxer. An extruder also provides
good m xing, and permts shorter mxing tinmes. It is 5 possible to carry
out the neghnigues incladerfonexampleagezingdhe indredienis otheasoneosiertegether

di fferent aﬁ)&afat us, for exanpl e one st%&eﬁ in azBi ternal m xer .anfi one
stage i n WHN@xIFTUBEMPIE, AT IINEMA TREb GR B3P udiShg 2t EVHATYGes,

see Ency ﬁgr ﬁ\.ge é’s&w b I955KE 6F BRASeriRY REF | di% thtS"roII fhil Rhix&6 &b sed.

(Corrpoun |ng r tec ni ques, as known to those of ski inthe art, are
10f urt hereﬁmdabaleofmovmr)gmxdilmgung and nemnniaestmrtmdnmmg tohes. heltpSesent

t t d icle dt
o Sts hS”%?%ﬁ'@?éo " ot The kR0 B v Re Rgss. rars, the e inh i B 1© 2"
Al ternati éf(% in alfﬂé?éﬁt' é?étu%h?oraé)gdn"?ﬂ)lﬁ d@st‘é@@ﬂﬁ'aﬁ?m‘té}ﬂd RdTeAnd Ehé
hd! naph

i onomer e provid on the surface of the“article only. The 15 1 ononer
may be i mtegeahla,n ewirdder. i hoo futieersiofdreadioororacoaposdding tacbnswesasee f or

e ompos: EBCRRRdar Of el (Stencs At & aneSmde el dny e biipet e d '
pol yet hyl %CBQMH?PPKM%? tedhi e 0hy TRbwnatd Y BP'sKmefn’ tHRY aft, b on

pol yner. onposTte materi al y conprise a thernoplastic vul cani zat e
conpriGi niyrthiee s@itahiefor campoendingd the plastic material . The i ononer

may be provided as a surface c i t he art cle. The sur ace coati ng
maz COfT'BI’I se afj %'i“f"ltemshqﬁém T“ng{g %é@ﬂ%ﬁwﬁ'ﬁyoﬂe heniopRmer §pay bf Tarmedp) i ed
membrane o 2Wardy LARle of '?Jﬁgh@f%é n &xisti e, V“Ptﬁ’é"éﬁrtnél‘é %}Sbe Padé
powder coatli ng. e coatling y turther co rise a plastic. The 1 onomer

may be pr emlregdfromsthpaonombr.aAlmaaiiv&jy aa potthoer ofi the, amclehnaheommrsestbet hat
i nt sr are

no addi ti onal | ed anti bact r| al or an | al
recent . apme, Eis Prier gu e Pt it RustBhe Shihéeiaie 385A: ThE! “The
coati g NMBhoRRIITHEY b@ﬁﬁ@gﬁély r‘rﬁled?efd |h&?tHe0§lﬂf%e or‘"@t'té‘éhédstoriﬁé@urﬁa%e' firl ude
any fillers or curative agents that nmay be present as part of the iononer.
30The art e)camplmadhnﬁme se viaafdstariats CJMUonomum\ayabe prodded @s grrpef aa
contai ner, such a tote, orapn F k( : a.contfa N&he Cl cI osure
or lid: at:omposne Materia compnsmg a plastlc e plastic may cémprlse polyethylene
polypropylene, an EP polymer, an EPDM polymer, or a nylon polymer. The
composite material may comprise a thermoplastic vulcanizate comprising the

20  butyl ionomer and the plastic material.

The ionomer may be provided as a surface coating for the article. The
surface coating may comprise a paint. The surface coating may be in the form of
an applied membrane (of any suitable thickness), a chemical vapour deposit, or a
powder coating. The coating may further comprise a plastic.

25 The ionomer may be provided, as part of a coating or otherwise, with the
proviso that no additionally added antibacterial, antifungal or antialgal agents are
present, particularly such agents that could leach out of the coating. The coating
may consist essentially of the ionomer, which is meant to include any fillers or
curative agents that may be present as part of the ionomer.

30 The article may comprise: a fluid conduit, such as a hose or pipe; a

container, such as a bottle, tote, storage tank, etc.; a container closure or lid; a
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WO 2010/ 091499PCT/ CA2010/ 4100159 seal or seal ant, such as a gasket or

caul king; a material handling apparatus, such as an auger or conveyor belt;
a mari ne weasmlosomwo st ructure, such as a ship, dock, or 8Ccik/cdeoiloloneng9
platform a cooling tower; a netal working apparatus, or any apparatus in
contact with netal working fluids; an engine conponent, such as 5 fuel

l'i nes, fusdalfor $egilant, faueh as & ggeketaoksaulgmgkei snatedall bandling. appam‘sbr ane,
f or fIU|df|Itrat|on or tank sealing; or, footwear, particul rtions

of foot wel#ch ﬁ%tanc%}@r|QFtC@nd?V%fctPe|B(ﬁ1f‘”!?émequsﬁet H%S‘N‘EHJre suc a a(ﬁ R:onal

I t a
exapl o5 W SRy pARRATS! Sodll RSt S RhopRrahaact |
10 bat hr oampéramwrresonﬂaet iithomesa fvedking floidsj ag, erfiging conargnt, gchdes,

kitchen fj x res,. kitchen products, office products, pr oduc eal ant s
and grout &€ iBﬁ% fughfiers |fP?r§tPf%9? fankss O3pkels; S@ﬂ'&r Gg‘ienta mﬁﬁgﬂaﬁ?ef%r ation

surfaces givd ROMGBRLSnKk SEQRRY: W ?’(%t&v%ar rﬂ@ﬁlﬁrl rh&@st bPf5o w?—*; Phage
wear, :

contai ners, foo profectiVe Wwear, |ng g carts, en al
equi pneptcordeomtoI«n:chonﬂact mthghe 1Gott el ephones toys catheterized fl uids

n hospital s, rfaces of vessels and pi coatin f oo I’OC,eSSI ng,
bi oned! cal dev‘ig@%‘on?ﬁ PAPEIES due DESUPORPOTErs Manbs er B aTeHgser

[ J e I ants,
wound r ceqtihgsnthBebéCale oA TS, e IOIRUIRY, aBBlarkBS HRKP b?%dud.‘ﬁ?@, ui co

di speftser bathsadrh @xiunds, mhathiroes, spfgty,ndlooshgr doed vetesjes, gamdeey i kighspst ens,
20val ves, f| tti attachnents, filt housi n linin and barrier

coat i ngs. fixtures, qgwhﬁﬁep@éib@tst Qfficg }{EO&H\Q}@HP?B ggc"{“l’fgsl §ﬁ%|ﬁ‘€Fs aRAi grouss,

anti bacte / ti r t f the
i ononer i éb%el ngf\;eterd1 Iy gg@i‘a %d}?egéjrﬁga hﬁﬁﬁ?@hﬁg&gad r@?ara-{_? ht ﬁuﬁf’%r m::(g8
i onomer . égtibmegits, t steoppinvge chids ssddacwbpplidatiods| stdvagdcontaimeyrst fesiwear,it is
believe that the ionic feature of the iononer 25inparts agtl bact er i al

ant i fungaPrQiﬁ‘EﬁV@r WA i ﬁp%f‘gpg%erqal”és deptal seauipiedt. dory sieks. HalWR:nat ed
butyI Yéf%SAuqnes toysA%a e?% @Q%%os?ﬂél%b Efg&%éj‘éf %égtéh H?ﬂilpé’é‘d/ or

ant i a gal ac lve elrr

prot ect i oboatingsf fewd prwessingyecbrdemcalod@lnéés diltets, @idnwespnbmhteregsmbe rate
of diffusjon of the antibacterial, antifungal and/ or 30®nt| al gal addl tive

out of thBUloishaweryalls, fubingite misimenGedroplains afbigfoWis Racsmakess,
pol ymer mat5ibKiEURSMR!dr¥sdi é‘,dﬁ{e%néé‘eceﬁﬁééf i@ eidRCtider dodigddiniiton

juice dispensers, soft drink machines, piping, storage vessels, metering systems,
20 valves, fittings, attachments, filter housings, linings, and barrier coatings.

In one aspect of the invention, the ionomer exhibits antibacterial,
antifungal and/or antialgal properties. This feature of the ionomer is believed to
be a result of the ionic nature of the formed ionomer. Although the inventors do
not intend to be bound by theory, it is believe that the ionic feature of the ionomer

25 imparts antibacterial, antifungal and/or antialgal properties not observed in typical
halogenated butyl polymer.

As discussed above, antibacterial, antifungal and/or antialgal additives
may be attractive, but are limited in that their protection is often short-lived due to
difficulties in controlling the rate of diffusion of the antibacterial, antifungal and/or

30 antialgal additive out of the polymer matrix. This leaching of the additives out of

the polymer matrix eventually renders the material ineffective. In addition,
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| eaching creates a potential environmental risk and a risk of reaction of
the | eached material with other organic substances. Having the ionic group
coval ent lwohowndido9 t he pol ymer backbone, as in the i onpaeca2ai/ ondes pr esent
invention, elimnates additive | eaching issues, as well as potentially

i ncreasing 5anti-mcrobial efficacy, selectivity and handling safety of the
pol ymer . IeachingTﬂeate@nenpotedtialcehbimmenbi rtisksaladivaarr'tsagebunsaqtbnoné tias t he

bility t f t | ] trol th
ool yai apdradiich areral; Bl Sfer Gt Bo s REanEsH ortemgnd whned FBbED st i o
be af f ect @iy @éunob@&ttﬁé {ﬁlyméﬂbbﬁkﬁtﬂfé & e Prithe@o6Nite preseatided

during pol ymeri zation. i onomers described herein not only retain the
properti eev@ﬁthrheehmlh@heﬁaad(b'ﬂﬂeymchlrtg,utls%u@o asxwebiasspelentiallye ihopegsing al
roved filler interacti esi,on, and green

D PR A UG On D slitBr L esee vt Eing] PR sefdly BB gR e en et ol es

and adhesi vel yTappirdpseCQ8$driHe:. hérr’éﬁ\ B 88@dlitabEy @bk Bhd RaPahé iabilitptd ¥
useful against mcroorgani sns. By 15 way of exanple, the foll ow ng
mi cr oor gamid npodifye arpraexisting polymeutaliompiog ifoig cantyol pwer tite palydispersityt ypes

T 5100 ISR o R BFSEE bR e A E SRR aE0Bneh

chlorara #ﬂl%@?ﬁ%ntﬁ&% Hr Ghtiakal Q@éﬁ&%@@oﬂedhﬂﬁh@%%ﬁenﬁéw omRaads,
e i

di nof | agel I ates Fungi | temari &, aSpergil basi di onycetes, bottytis,
candilda abborens desemtb&d bersin |noh~pnblh@éalnrtherproperalaesxidhe mmglrcalnpdwaen a,

moni |1, RS oS8 PRRBIER ORI | IO Shoicr paky dPBFEd THERophus,
r hodot or qhﬁaraémp%&fém' &nd Yr&sPRyehyth. We%@oﬁ%bgﬁlesua@ bééﬁuU"ﬂ 3né

verticillium Gram negative bacteria - Sal nonella, Shigella, Neisseria
gonor t hoefagnahien of eharedenicieyi andjaéhe%mpplledjgoahiﬁgmenzae Escheri chi a
coli, Klebsiella, 30 Pseudonpbnas aerugi nosa.

The present invention is particularly useful against microorganisms. By

15 way of example, the following microorganisms are mentioned without imposing

any limitation to the types microorganism in which the properties of the instant
butyl ionomer are effective:

Algae: chlorophyta, rhodophyta, glaucophyta, chlorarachniophytes, euglenids,
20  heterokonts, haptophyta, cryptomonads, dinoflagellates

Fungii: Alternaria, aspergillus, basidiomycetes, botrytis, candida albicans,
cephalosporium, chaetomium, cladosporium, curvularia, drechslera, epicoccum,
fusarium, geotrichum, helminthosporium; humicola; monilia, neuspora,
25 nigrospora, penicillium, phoma, pullularia, rhizophus, rhodotorula, scopulariopsis,

stemphylium, frichoderma, unocladium and verticillium
Gram-negative bacteria — Salmonella, Shigella, Neisseria gonorrhoeae,

Neisseria meningitidis, Haemophilus influenzae, Escherichia coli, Klebsiella,

30  Pseudomonas aeruginosa.
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Gram positive bacteria - Bacillus, Listeria, Staphylococcus, Streptococcus,
Ent erococcus, d ostridium Epul opi scium Sarcina, Mycoplasm,, Spiroplasnsg,
Ur eapl asmeg 2bmabolbaci | | us, Corynebacteri um Propioni bacrericanyio@aridner &Ha,
Franki a, Streptonyces, Actinonyces, and Nocardia, 5 The i ononer
according to the present invention nmay further be used in cured and uncured
pol ynmer c@Grgrogidsitives ,bacheriaropl Badilles, el isserayerStaplyopasiusi obgeploeoocwisiabl e
pol ymer c osi tions, Fo w%sgéz the |ike. Wiereas parti cgl ar Frrbodi ment s
o This | FIEGRAGAEURayEISHIIde EIGRISPLD. SF9B31 B coRIGYDs SeiTopiasm,

il lustraty i i1yl j de Ki b rt rous
vari ati ong%')éfm%irgwdé_tagﬁﬁ)g% g’?”g’t hr@eo ’?2@‘2@? ﬁ?ﬁ’beﬁ onﬁlﬁ%ﬁaﬁ%ﬁmgﬁ@me{?%t
depar t i ngFfankra, tSteepitowigees, dctmsngebisnand Nocalkdia.appended cl ai ns. The

foll owi ng exanples will be used to illustrate particul ar enbodi nents of the
15i nventi on. Exanmple 1. 356 g of LANXESS BB2030 and 16.7 g (1.2 nol ar

equi val ents basgs 9okt }élﬁbgrg]lﬂﬁ)%?ﬁ? g)g@é@rﬂt ihvéhtidd hiiefuHH AP ikeg ilﬁl_ :]_EP)

were prem xed on a 6" x 1 mtenperature for 3 mnutes.
m xt ure wagettheangaseecur2d t holyowht acomposiionsw dhemajdastat BEBt@neAnal ysi s

f the final nduct b H fi d.the conpl ete conversion of all
'? he aF! y: Q&Bgéﬁ?'gé f@ff*@'é?éwﬁw%%ﬁébﬁﬁaﬁﬁﬁ@agnm%gﬁmn@rﬁ eslpeci es with
an ionic cont eWhe‘Péa%p%rt’iEUlar%mﬁ%ﬁirﬁéﬁ@'@f ifRnded Kvel B eh%e{}s}‘gzribéd

mnutes and its resistance to the gromh of gram positive (Stap ococcus
aur eud) walsoveekirquurposes oplllustaaion, Theilsbeneveenivo ¢h@&e skiked th the Sdbih®ex

agar (SDA) plates where approximately 106 cells were added, plated and
e Ubat cdhuneryRvaNtoBs O Tha e ta SO LE de St IBYSOn Ry HobeBHEOMnIL: he
sanple, d %ﬁ j L B Gﬁﬁ’% phoni um i ononer
with 0.8 gm Yo b%ﬁﬁdg??‘uérl@t@?g@ ?%;tg'eﬁge(? neﬁ]lgétr%dvﬁ o?dcgljéﬁgﬁposi tive bacteria.
30 WD 2010/ 091499PCDCA20111/ 1100159

The following examples will be used to illustrate particular embodiments of the

15  invention.

Example 1. 356 g of LANXESS BB2030 and 16.7 g (1.2 molar equivalents based
on allylic bromide content) of triphenylphosphine (TPP) were premixed on a 6” x
12" mill at room temperature for 3 minutes. The mixture was then passed

20  through a twin screw extruder at 160 °C. Analysis of the final product by '"H NMR
confirmed the complete conversion of all the allylic bromide of BB2030 to the
corresponding ionomeric species with an ionic content of 0.8 mol %. The sample
was molded at 100 °C for 5 minutes and its resistance to the growth of gram
positive (Staphylococcus aureus) was tested in triplicate. The samples were

25 placed on Sab Dex agar (SDA) plates where approximately 10° cells were
added, plated and incubated at 30 °C. After 7 days, no bacterial growth was
observed on the sample, demonstrating the inhibition of butyl-based
phosphonium ionomer with 0.8 mol% ionic functionality to the growth of gram
positive bacteria.

30
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Exanpl e 2. The resistance of the ionomer forned in Exanple 1 to gram
negati ve bacteria (Escherichia cob) was tested using the sanme procedure as
out |l i ned wea6avabe 1. After 7 days, no bacterial growtbhcwaa2abseryed on
the sanpl e, denonstrating the inhibition of butyl-based phosphoni um i ononer
with 0.8 nmol%ionic functionality to the growh of gram negative bacteri a.
Exanpl e FExameple 8sThe segjstanteofi¢he omomar foanes in Exampimpite glamaegative

i cr ococcitpin SESTAEDH 8D BRESBRR, GTRE BREE Do RHLE 5 Blfined .
Exarrpl e lexdthpRr 17 Anes.7 Bays Cnbasdéiial grdhemtagabsebasr vadthensamplesanpl e,
enonstrating the inhibition of bUt(\//sb- based phosphoni umiononer with 0.8

nol % i oni @emanstratigathiet iphibitiamef utylbases phosriianigy isRomesmithdd Btmoe
bacter a.. le 4.7 ' N f din Exanple 1t
Rt e IV e R S s

aerugi nosa) was tested using the sane procedure as outlined in Exanple 1.
After 7 days, no bacterial growth was observed on the sanple, denonstrating

t he i nhi bEXa@pleB. hheyesiplasea qitioe pwmerforroad ik Exanie 0.18 anedrwbingtipe

Exanpl o 2 4t Bob{te Hetdth CoienyBickilas BluellimA Rt PE B WET s
Asperi gi | {egtedNusing MesSsapet gdckiule B! diedt inT Exaf®!1es At €7 Blkhgsedoon

Malt agar plate, tollowed by the addition of approximtely 106 spores of
Asperldi | | brctefiglegrovdhiwas sthisereed pnathedsamale; riaiangeatiag inbibiien &f 28

ant: 1 ungah 6ot b Ry R IRt E wB S R B TR s REBHR L RO o
functi onadf 4 yariélyamgirémbosithe faesd.ance of the iononer forned in Exanple 1
to a cocktail of fungi was tested in triplicate. The sanples were placed on

Malt agar plate, 30followed by the addition of approxinmately 106 spores of
2 PP A1 Ex Qe BT B! LS N A inE b oHbB iR RRBHIGE™ (64 ERBRHbH™
15  of gram negative bacteria (Escherichia coli and Pseudomonas aeruginosa) was
tested using the same procedure as outlined in Example 1. After 7 days, no
bacterial growth was observed on the sample, demonstrating the inhibition of
butyl-based phosphonium ionomer with 0.8 mol% ionic functionality to the growth
of a variety of gram negative bacteria.
20
Example 5. The resistance of the ionomer formed in Example 1 to the fungus
Asperigillus Niger was tested in triplicate. The samples were placed on Malt agar
plate, followed by the addition of approximately 10° spores of Aspergillus Niger to
the sample, plated and incubated at 30 °C. After 28 days, no mold growth was
25 observed on the sample, demonstrating the antifungal nature of a butyl-based

phosphonium ionomer with 0.8 mol% ionic functionality.

Example 6. The resistance of the ionomer formed in Example 1 to a cocktail of
fungi was tested in triplicate. The samples were placed on Malt agar plate,
30 followed by the addition of approximately 10° spores of a cocktail of Aspergillus

niger, Penicillium pinophilum, Aureobasidium pullulan, and Chaetomium
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gl obosumto the sanple, plated and i ncubated at 30 C. After 28 days, no

nol d grow h was observed on the sanple, denonstrating the antifungal nature
of the bwgheloasmdo phosphoni umionomer with 0.8 nol % i oRCTCARNOPDAAI ity toO
a wde variety of fungi. 5 Exanple 7. The resistance of the iononer forned
in Exanple 1 to a cocktail of algae was tested in triplicate. The sanpl es
wer e pl ac@dbosurivib thegampbd,atlatedf and owebated ah80 aGdi Aftem2®Hagppr@rialdt el y

S2encaec o gbih dschid 6 Pt 8ebioncudtdane SURREL TalE SR>
i ncubat egélﬁgl-t?&e% Pﬁééaﬁorﬁﬁnd@ﬁ%me:mﬁﬁ e):7 r%@ié"triBnﬂgaFﬁnlef?ér%li‘fﬁ% o Wil

sanpl e, nstrating the antialgal nature of the butyl-based phosphoni um

i ononer warketyoBfumgi.% i onic functionality to a wide variety of algae. 15
Exanpl e 8. Approximately 1 g of Exanple 1 was dipped in 95% et hanol for
steriPization and then placed into a 20 nL Scintillation vial where 10 niL

of M nmedtgafpte #I98E refis dé"ddf fﬁ%di%ﬁrer'?@?ﬁé‘dirﬁE&énﬂé g!tB PLobktalPer! gram
negative bacteria) was selected and suspended into MB nedia salt solution.
Next, 500alghe avas)testedah tripbcddelsa Thacsamples weasp etaxiednondvielt adrbe colake, each
tube. A rupber- 20 ]ess treatment was used as a control and 495 M. sanples
were t oot BUORPA By hEEadhS Al Bariainaeiadlf afrisaniativn Sty oAb D o6
using | oMENHOTRIdSY CAIBHMMC h%rﬁﬁb@eétgbéhe?é%ﬁﬂzs%ﬁﬁc?&ds) Al ThidrBAa

fol l owi ng procedure: 5 jgfL of 100X SYBER G een(r) dye (suspended in DVBO)
was addedsp. do 4196 samiplefplatedmEne intobatadfatddl "CSYRERr 28 alayér no algaeegrondit i on of

1X. Th I [ bated in th 5 dark for,. i mat el 5 .m nut
and t hen Wain QRSIVRI PRoliecsahis: demanalrageiclin aitar! daser clithe tad "
measur ed b&éééﬂ;gﬁééﬁﬁoﬁﬂr@%rﬁé!r Rt Ot.é‘E]c{l‘?%ggﬁigcfuﬁéﬁ&a?ﬂﬁy_a{orb Wid Mridty dft er 24

hours. Over 60% of the bacteria were enonstrat’ing the biocidal
nat ure ofalghe. butyl - based phosphoni um i ononer with 0.8 nol % ionic
functionality. See Figure 1. 30 Exanple 9. 277 g of LANXESS BB2030 and
2.19 g (0.2 mol ar equival ents based on allylic brom de content) of

trip yl i i rem a4 6, ~adnid |
t ermperat UERATR 7 ATPIOKIMEAGR P G R dha didned i 957 SRERLIN sor ew
ext ruder sterilBionCGanditiadry piccedf intdhva 20 mall Swirddiation bwal WwheédeRI G nclorof iM8ed t he

presence of 0.2 nol % phosphoni um ionic groups. The sanple was nol ded at 100
Cfor 5 rﬁnﬁgtae‘é’aﬁﬁﬂid%fjs Z&q?%’ﬂbﬁf:ggpé‘ %@ﬁ%ﬁtrawogl?-aﬁ%sgamiwaﬂa%t eria

- oanp! SR e TP SR o SURAGAEUE Y MR Freg 5ot SGhEn Rl BIE e
106 cel | samkides 8ffrdDHBl.AbSdleAitd dUpeRdiRAdvae sfledto Shéetube. dRYEbb&0

bacterial 10 growth was observed on the sanple, denonstrating the

i nhi K i okessftreatinght Wwas ededressalcontronand 465wl sarhjple8. enente$teidaaiti & 4, 8,
functionality to the growth of a variety of gram positive bacteria. Exanple
10. The r&3iasdafit bogrs.t hBactsABreEOME re gensialast usingtflows cxlometal pnas

nucleic acid stain SYBER Green® using the following procedure: 5 L of 100X
SYBER Green® dye (suspended in DMSO) was added to 495 uL of sample, for a
final SYBER Green® concentration of 1X. The samples were incubated in the

25 dark for approximately 15 minutes and then run on the flow cytometer. The
percentage of dead cells was measured using flow cytometry and the nucleic
acid stain SYTOX® after 24 hours. Over 60% of the bacteria were killed
demonstrating the biocidal nature of the butyl-based phosphonium ionomer with
0.8 mol% ionic functionality. See Figure 1.

30
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15 gram negative bacteria (Escherichia coli and Pseudononas aerugi nosa) was
tested using the sanme procedure as outlined in Exanple 9. After 7 days, no
bact eri alwgrewohi#ms observed on the sanpl e, denonstrat paycab@oioniisdi ti on
of butyl -based phosphoni umionomer with 0.2 nol % ionic functionality to the
grow h of a variety of gram negative bacteria. 20 Exanple 11. The

resi st andéxarhplé®. 26N grofi ANKEIn88 BB2Ehand 8.9 g 0.2 roolsk equivatent$ baged was

tested in triplicate. Th | t t | | owed
byt b e Al §BMSe FORISATE GhneRy EhBraeRE (PBrY Bide TR S 2 67K e”
ni ger, Pefycidif 'df%ahnq@mrobwmre%.e@bﬁﬁm%gm THkl H'h)él]se Wt EariRrbadm 25

gl obosumto the sanple ated and incubated at 30 C. After 28 da , ho
nmol d gr ovihrougisa dlsipesorew e)mruxibeakéﬁw@ Pma&mrsofmafmgaludn@dmtthyflhh MR nat ur e

of the butyl.-ba phosphoni 02 m)l%lonl funct| nality to
o w09 vATEFPER N BETenCR kA apIc: DROSHARRIJTIE AR HISUROP RGeS 47g
(0.6 nol amnopdl éﬂai@@?@ fBﬁSerﬂlrQﬁe@ahd||isCre|§fs@éﬂ&3tcPQrﬁo%Rfaﬁl (Sffgram positive

tri phenyl phosphine (TPP) were prem xed on a 6" mll room

t enper at uvactéoa (Staphy@cescusrawemsmndrM/wva@oacb/ertutpas)swas ﬁmtedghtrzpllcaiaw screw
extruder at 160 'C. Ana si s, of i nal 1H NVR conf.iroed the
presenceﬁ? € §AERIST YR ?)‘F%Pﬂré‘%brd %'p@%)m@?%sdm%emgr%ma Yat 100
"C for 5 MngdiRswardaddsd r;ﬂ§ieﬁtmﬁ16u%aﬁao°§€5®ac| Afie O YBYBORb taterial

bacteria (Staphyl ococcus aureus and M crococcus lute us) was tested in
tripllidcat @owﬂrnewamolpseasedvanethpl mpleodem@bsmeun@yw int@mon pf duityd-baked e

apprOX| mate 106 ceIIs we pl at e d inc ted at, 3Q C. After 7
doys. no RARSPEERLT Sonsipd vie Bh Sl rRlonalfp o Mdrebiio & & VarlFt ne

i nhi bi t| Oéfg? nlpy@,g{,vé)ggggnghosphom umionomer with 0.6 nol %ionic
functionality to the growth of a variety 10of gram positive bacteri a.

Exanpl e 14. The resistance of the iononer forned in Exanple 13 to a

cocktail of gram,negative bacter.i Escher chi eudononas
or uor nososa il DS TBY s ey e iTher el DR i F RORRARR e o
Afterys/ MQativ® BRIERS |(FEschEMAMIA d@ﬁfsaﬁ@sﬁééi%n%hés*@eﬁﬁjﬁ%@) was
denonstrating the inhibition of butyl-based phosphoniunn iononmer with 0.6

nol e/ 0 i oigisted usiogi heatame procederegasvautiingfd Eaamdqy %f Afteant degat hoe
gag'z)grklt :I IPErépl[TgI grovah wrgse c{bes%alrvsetda ?)%eth%f sérgglel Ocpe?nrrgrﬁstra%ng ﬁi‘nel %h'i:[%(lﬁgr? lo? 13 to
butyl-based phosphonium ionomer with 0.2 mol% ionic functionality to the growth
of a variety of gram negative bacteria.
20
Example 11. The resistance of the ionomer formed in Example 9 to a cocktail of
fungi was tested in triplicate. The samples were placed on Malt agar plate,
followed by the addition of approximately 10° spores of a cocktail of Aspergillus
niger, Penicillium pinophilum, Aureobasidium pullulan, and Chaetomium
25 globosum to the sample, plated and incubated at 30 "C. After 28 days, no mold
growth was observed on the sample, demonstrating the antifungal nature of the
butyl-based phosphonium ionomer with 0.2 mol% ionic functionality to a wide

variety.of fungi.

30 Example 13. 273 g of LANXESS BB2030 and 6.47g (0.6 molar equivalents

based on allylic bromide content) of triphenylphosphine (TPP) were premixed on
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20 fungi was tested in triplicate. The sanples were placed on Malt agar
plate, followed by the addition of approximately 106 spores of a cocktail
of Asper gwbl2as/vi4per, Penicillium pi nophilum Aureobasi écaraszoidbesn, and
Chaet omi um gl obosumto the sanple, plated and incubated at 30 C. After 28
days, no nold growth was observed on the sanple, denonstrating the

ant i f ungad Gnat 1&"gnidfatiraenpBimpsrptuiaded3 phiossson] benmisiveerasvien rasseeol %

ionic functionality to i i,k Yy ~of ngi. . . pst ance
of Tt he | ORI R shihutetel SHiflfisY 3t 1B0YCO AMalRRl of RS MR Goc P HLENR'
triplicatgonfiffedpERréSensy 6f PEane6ids phodfhdniagadnie! grbaps SDiobaoprbway t he
addi ti on of d%%pr oxi nat el 106 concentration of a cocktail of U othrix

gih gas, ciann@i at M@dﬁgé@jn@%ﬁadémiﬁﬁmmm@,C%Ktailcw @ieal Pasitiyp . L 0
wns onoor SABHR S oM URcoPER Bl Hnd Brcioo ot Bl 85 o Wil

but yl - basthe RARFNES Weate placstren Salb IDdx 8gam{SDAPDPIated wiekré apProtishatelya W de
variety of al g1ae. 5 Exanple 17. LANXESS BB2030 was ?tassed through a twin
screw ext tQideg!lsavens gddedpiptedapndiincyibatachat 80 nCrnobtteakslaysDnaiadigiidl added

at a rate : ] | ¥si t i - : Lrmed
the pres e%@&“@f#ﬁ%?@%g‘n%% n%aur ﬁrﬁg lIeO ﬁ:érénfoa E %B'Eé ﬂ%ig{hs@ﬁ%rﬂ- ? f \Iﬁa@l'(rir)%gégd at
100 ' C f oph&spHonitirg Soddmentitht(s6 mesii/s fonie Ruriclogalayte ase brovethisfet eariiay

(St aphyl ococcus aureus) was tested in triplicate. The sanples were placed
on Saly Def @igar Pesitivg bprierias where approxi mately 106 cel |s were added,

pl ated and incubated at 30 C. After 7 days, no bacterial growh was
observed on the sanple, denonstrating the inhibition of butyl-based

ammoni um Egampié 14 The PeSistamlce Of itid iohomerdbiraadin Exainpld h8 t@aaschtailfof15gr am
positive bacteria. Exanple 18. The resistance_of the ionomer formed in
Exanpl e 19ram npdativadipatela (faeherchia (¢ Aed i 2eeudaePngs RrEUdia8sdWasi ng

the sane férs?ébeggfn(@ fhe same procedure as outlined in Example 9. After 7 days, no
15  bacterial growth was observed on the sample, demonstrating the inhibition of
butyl-based phosphonium ionomer with 0.6 mol% ionic functionality to the growth

of a variety of gram negative bacteria.

Example 15. The resistance of the ionomer formed in Example 13 to a cocktail of

20 fungi was tested in triplicate. The samples were placed on Malt agar plate,
followed by the addition of approximately 10° spores of a cocktail of Aspergillus
niger, Penicillium pinophilum, Aureobasidium pullulan, and Chaetomium
globosum to the sample, plated and incubated at 30 °C. After 28 days, no mold
growth was observed on the sample, demonstrating the antifungal nature of the

25  butyl-based phosphonium ionomer with 0.6 mol% ionic functionality to a wide
variety of fungi.

Example 16. The resistance of the ionomer formed in Example 13 to a cocktail of
algae was tested in triplicate. The samples were placed on Malt agar plate,
30 followed by the addition of approximately 10° concentration of a cocktail of

Ulothrix gigas, Calothrix membranacea, Scenedesmus obliquus, and Chlorella
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outlined in Exanple 17. After 7 days, no bacterial growth was observed on
the 20sanpl e, denonstrating the inhibition of butyl-based anmoni um i ononer
with 0.8 wol®ad/mni%e functionality to the growm h of grampPeggat20e0beet eri a.
Exanpl e 19. US 2007/0218296 Al, which is incorporated herein by reference,
descri bes the preparation of high isoprene BIIR 204 g of brom nated high
25 isoprene butyl and 8.04 g (12 nol ar equival ents based on allylic brom de

content odp. thendsamplaipatelizof insaipatedeat B0l B). Aftet 28 @bvsyrh@bmrgmwtlﬁ TPP)
were prem xed on a 6" x 12" mll at roomtenperature for 3 mnutes The

mi xt ure \as tqbéﬁn@&isgedhemamgw semenstedipghexantisigal aatuieef ctheAn&VIysu s of
he f |
taI ?yl : gabt?%gr% e ‘%S(E’P‘?Bw%e nﬁ%i@@inwl%gﬁgﬁw(%t%n%llwvgﬁﬁq% on| c

content odlg@e8 nol % The sanple was nolded at 100 C for 5 m nut es and its
resistance to the growth of gram positive (Staphyl ococcus aureus) was
tested in triplicate. The sarrpl es were pl aced on Sab Dex agar (SDA) pI at es

wher e ap y I d eéj%ﬁl

Af ter a)gés('hw%qgaé‘%\erl a$é g%ssee;ﬂvf’e}%r&g%ﬁ{éhtgv@a ??W enons r at| ng
t he i nh| b160 00 whelfd Bhwi simaethlybrmubgthanﬁl ([bH@eE:) wbgsammdl aimai @®Er0.41 t h

0. 8 nol %|0n| c functionality to t gram positive bacter

Exanpl ¢ 20L nme RBghsertabe Sinal neodushbaH NBIREaATHES, 416D Es9ce o i am
Eggghlt?llen@ Eﬁq%b%ﬁﬁ%&fﬁ da spFee\ﬁ‘t’l %Q??ambf@owt M/a@%ggg\e/egs

on t h saamd &s rdaetamtertatgram pbsitiven babtevnao(r&;t@ﬁhm@iccuswem) Wwag ydstbased

phosphoni um i ononer_with 0.8 nol %ionic functionality to thelfgéowth of gram
negat i ve iPaEiplieats. Ekarsanaples . weispp geerean Spb1 Dgx AgEEx SRt epetes\ddese pped

In 95% et Hanalink@bly 10° cells were added, plated and incubated at 30 °C. After 7 days,
no bacterial growth was observed on the sample, demonstrating the inhibition of
butyl-based ammonium ionomer with 0.8 mol% ionic functionality to the growth of

15 gram positive bacteria.

Example 18. The resistance of the ionomer formed in Example 17 to gram
negative bacteria (Escherichia coli) was tested using the same procedure as
outlined in Example 17. After 7 days, no bacterial growth was observed on the
20  sample, demonstrating the inhibition of butyl-based ammonium ionomer with 0.8

mol% ionic functionality to the growth of gram negative bacteria.

Example 19. US 2007/0218296 A1, which is incorporated herein by reference,
describes the preparation of high isoprene BIIR. 204 g of brominated high
25  isoprene butyl and 8.04 g (1.2 molar equivalents based on allylic bromide content
of the brominated high isoprene BIIR) of triphenylphosphine (TPP) were
premixed on a 6” x 12” mill at room temperature for 3 minutes. The mixture was
then passed through a twin screw extruder at 160 °C. Analysis of the final
product by 'H NMR confirmed the complete conversion of the allylic bromide to
30 the corresponding ionomeric species with an ionic content of 0.8 mol %. The

sample was molded at 100 °C for 5 minutes and its resistance to the growth of
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15 sterilization and then placed into a 20 nL Scintillation vial where 10
m. of MD nedia was added. A colony of DH5a bacteria (a strain of E. Coll

gr am negawpveidmes9eri a) was sel ected and suspended i nt o PRB/(redioZosesh t
solution. Next, 5001 tl_aliquots of the DH5a bacterium suspension were
added to each tube. A rubber-less treatnment was used as a control and 495 4
sanpl es gsam pesitivel (Stamylazocgus R@es)awas2gstaslirs trigigater i U salnies wer e

ol 1 oni ndafE e 81 28 BFF e T CetiBb uRft P B el RERES was
added t o A#2d] iplatedl FHRMc@baledr af 30 I ARGBER dGyeenorhadctenglegrionah iveas of 1X.
The sanples were incubated in the dark for approximately 15 m nutes and

t hen run obsetvesl pnothec gamipa, edemvnetrating e dmhibigienoef Bighd isoprere Jagy!l-

nour 55 opspedtuiosPeRl BT dntel e 48, FPhdofsnhEi Tt s He okl =

nat ure ofgrhepddigie bagerfigne butyl - based phosphoni umiononmer with 0.8 nol %
ionic functionality. See Figure 1. 30Exanple 22. WD 2001/021672, which is
i ncorporated herein by reference, describes the preparation of a brom nated

100"g of EXHPRL200 Ter porgaeet oty iietey RS B dkoanah B0ty °®
al lylic hiegatidg steentEethdihis onpwaetosted dsing hied \Wapho ppbcatfuré &) is
prem xed on a 6" x 12" mll at roomtenperature for 3 mnutes. The m xture

6
i s tHen pusdlinad hExagRlea19wiAdtesct days rxbaaigsial grovtboves obpervedmn ¢he s

posi t1 ve el ngr Sensudlt HFE Bt DA ReRReR: piniiBst oAt

pl aced orofebeP@ith 208 Md| ZPBhicPfuatESnalide teethaprotith Bayelny négatieebhstefine
added, plated and incubated at 30 C. After 7 days, no bacterial growth is
observed on the sanple, denonstrating the inhibition of 10butyl

terpoly - doph | i QN =M 0 | % [.QRI. j ldfy to
the ar oueraipg: 21 ARBRATDERIL 8T E Xl c) S B8, dbbaR i G ARG Y

i onomsr foemiation dntaiidreplddet dn a1 adaScirtillaeet @l avidrs ciierilc bf M3 ol t)
is tested using the sane procedure as |5 outlined in Exanple 22. After 7

days, no medinerasipddedwt A colorybefdited hastene (s alpnef kdhehgrananegativthe
oni o 1 utteRRIHS s BERRLATY Sushe B R RCDRH A DR Ga oG 3981 - 24
Bxanpl e 1 et brhe M AR RREEnMBR WdrB R PREH tube. A rubber-
less treatment was used as a control and 495 uL samples were tested at 0, 4, 8,1
20 0 and 24 hours. Bacterium counts were generated using flow cytometry and
nucleic acid stain SYBER Green® using the following procedure: 5 uL of 100X
SYBER Green® dye (suspended in DMSO) was added to 495 uL of sample, for a
final SYBER Green® concentration of 1X. The samples were incubated in the
dark for approximately 15 minutes and then run on the flow cytometer. The
25 percentage of dead cells was measured using flow cytometry and the nucleic
acid stain SYTOX® after 24 hours. Over 50% of the bacteria were killed
demonstrating the biocidal nature of the high isoprene butyl-based phosphonium

ionomer with 0.8 mol% ionic functionality. See Figure 1.

30 Example 22, WO 2001/021672, which is incorporated herein by reference,

describes the preparation of a brominated butyl terpolymer composed of

-27-



20 m xer at 60c C and a rotor speed of 60 rpmfor 15 mnutes. The resulting
material was nolded at 100 C for 5 mnutes and its resistance to the growth
of gram pw®i ive1§8t aphyl ococcus aureus, concentration -pcid®20v@soizested in
triplicate according to Japanese Industrial Standard W5 Z 2801: 00 which is
i ncorporated herein by reference. According to this nethod, the

ant i bact ésokaityl@be aisbpreriey and parasuethyldhyreqaan00fy iohdprominated terpalyroér

bacterial cells i ch have been h?lg?inintiggte ﬁg_ntat for, 24 hours at

35C wi t h 3Rdsdr fadd-DfMPIE gAYIVRIEDTS, hased: & &fYlierRIognde netePt A D8 ect i s
d i i e nay tine | & i t ed

measur e t@@gmgifﬂﬁpﬁ@ﬁwﬁhﬁé(ﬂm?é (Pﬁlﬁg?e?faﬁ‘érh&eerbr{ Regrax tioe kil ki rpgnt est e

with that on a contr artic n all experinments, the control
article dempestet &fr A mioiujes. hyllhenmixftutans ter passad thre0pbaa ttwitnecrievy

2010/ 095 RGHEST EAASIDT 600186 " FAratle 3 AP AtSTHbAE T & OROle SR ¢ es t o
the gr owiBsigfargeaw t“"‘éfr%fdg“'i FaGraf ipdsitiE 4R ShAGcoctDe éﬁéb@é ARt jrf he

i onomer forned I n Exa 4 t0 gram 5 negative bacteria (Escherichia colt)
was t est ddplicsterg fThe samplgsr acedpiaecdisorouddb ek iagaExGiphe fiates Awheesast one

| og reduction .of  hac i di s jng .the antibacterial natupe of
et bon bEARROTNAIER HisealisorlieArdah Ssed Gonpberzaied e 2078 oRBeK R dasgr am
negative b ; i Mt b B in a
Br gbenderr@nségt?ng{ g%%\,tcﬁix %Eﬁi s?r\r?%t% (())EX @ggéeﬁnél‘e\{\%%rﬁ%ﬁr%@%gﬁb1ﬂgemhﬂ‘u®tltkeosn.28?}he
r esull®i nduty ttempioymerisasar plecspitonl(a ichdroer withiOndines %aiodid fusctiesldy tnce to
t he growtg of \g{na gsaositi\/.e (St aphgl ococcus aureus, concentration - 105)

e grodi ¢ ;

was test d8€9F0 ag} ROSIGPAFIREt 0 JI'S Z 2801. At |east one |og

reduction of bacteria, displaying the antibacterial 15nature of silica-
filled phosphoni umiononer conposites to the growh of gram positive
bact eri a.Exampie 2327TheThesistascstanthe anonmer foymadein ffoxamgde i 22 Exagrphe 24 to

gram negative bacteri.a (Escherjchia.col s tested using the same
o1 ocedur egETVEdSaTIENE ERTATERENBD. 26 05460 iSE Ge SPBE PEGELTSIPDT
bact aki a.o @ikl v EREmighe 22nt Nﬂ@?tﬁpéﬁi, M ARl g%MrP?s' bbéérgdd Ripahoni um
i ononer conposites to the growh of gram negativeé bacteri a.

sample, demonstrating the inhibition of butyl terpolymer-based phosphonium

ionomer with 0.8 mol% ionic functionality to the growth of gram negative bacteria.

Example 24. Example 1 was mixed with Carbon Black N660 in a Brabender
20 mixer at 60° C and a rotor speed of 60 rpm for 15 minutes. The resulting
material was molded at 100 °C for 5 minutes and its resistance to the growth of
gram positive (Staphylococcus aureus, concentration ~ 10°) was tested in
triplicate according to Japanese Industrial Standard JIS Z 2801:00 which is
incorporated herein by reference. According to this method, the antibacterial
25  activity is measured by quantifying the survival of bacterial cells which have been
held in intimate contact for 24 hours at 35°C with a surface of the article being
tested. The antibacterial effect is measured by comparing the survival of bacteria
on the article being tested with that achieved on a control article. In all
experiments, the control article consisted of a polyethylene film. There was t

30 least one log reduction of bacteria, displaying the antibacterial nature of carbon-

-08 -



Exanmpl e 28. Exanmple 1 was mixed with Coisite 15A in a Brabender m xer at
60 25 C and a rotor speed of 60 rpmfor 15 mnutes. The resulting nateri al
was nol dewoato1d/®i49 for 5 mnutes and its resistance to gdyecHodbdaiHf gram
positive (Staphyl ococcus aureus, concentration - 105) was tested in
triplicate according to JIS Z 2801. At |east one | og reduction of bacteria,
di spl ayi btpokhBlleshphbapheniual ioranuere cofmpokigs tththEegtOpﬁbsqfhglmnmmdsdnl@rrer
nanoconpgmﬁs to the growth of 30gram positive bacteria. Exanple 29. The
resi st an®8°61'@ he i ononer formed in Exanple 28 to gram negative bacteria
(Escherichia colt) was tested using the same procedure as outlined in
Exanpl e 28. At |east one | og reduction of bacteria, displaying the

ant i bact Examplea’sir & hef resigtapee faf| thediophoshisonned inoFxamplé oterasasi t es t o

he 5 h 30. 250 f Ex 3745
conbi yed PRIV BT TE AR FOUp ARSI Celeh i ARSIt F 1Y or 5°
mn, The ogtiHedr @ Eﬁarl%!?é?d U R QEHR GheTldY R%dﬂfcﬁoﬁ%frbéiﬁéﬁél\/ @lébra‘]ﬁ@f tHel 60 C,

20 rpr‘r) and then refined on a roomtenperature nill 10 fol | owed By anal ysis
of the restibattegahnatere aif daybon-biarktfidledophiosphenient mnsnkgrecaopositas n of

t he benz I|c brom.de_groups. arent polynmer to the correspondi ng
i ononer i gs fgfﬂ'%sn%gag'iv b@(‘fp%ﬂﬁoyrrer di spl ays resistance to the growth
of gram p05| t| ve bacteria, gram negative bacteria, algae and fungi.

15Exanple 31. A1 ft2 surface is coated with a butyl iononer described in
Example Examiples26panepletiowas ionizedusthaflisSil A33um adirabenderfoixet av68kC The

e e BroTaE kD BTl SR b R e e
material g sq ge?érf | n%uﬁht@&%ﬁ&“|{§‘9e§|§'t%n@8Cfémtﬂé‘QrB\WtrPfofzg%g}?t ISHive s If

t he nunber o zebra nussels on the 1ononer is f the
control . (Btapigllqmoedusraweaéﬁaiont:bﬂtrmmyk 10D heas tesdedn tmlicbtéoacedsrﬁefrgl ve in

andl o atbHRopot | baSlebarareor wﬁ@be Raten SR PG ABe @nvBacielab: and
al gags a”‘i’\alﬂ?r%e@f &ﬁcéWnl@@@ﬁ%ﬁﬂh |6F16%1e'r %Wgégtg't@ ot O - %rbﬁH

part|cul ar, i S expecte he Fonomer ctive i
preventi rp@s&lved}dmtmm of nollusca and art hropoda.

Example 27. The resistance of the ionomer formed in Example 24 to gram
negative bacteria (Escherichia coli) was tested using the same procedure as
20 outlined in Example 26. At least one log reduction of bacteria, displaying the
antibacterial nature of silica-filed phosphonium ionomer composites to the

growth of gram negative bacteria.

Example 28. Example 1 was mixed with Cloisite 15A in a Brabender mixer at 60°
25 C and a rotor speed of 60 rpm for 15 minutes. The resulting material was
molded at 100 °C for 5 minutes and its resistance to the growth of gram positive
(Staphylococcus aureus, concentration ~ 10°) was tested in triplicate according
to JIS Z 2801. At least one log reduction of bacteria, displaying the antibacterial
nature of clay- filled phosphonium ionomer nanocomposites to the growth of

30  gram positive bacteria.
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Exampl e 32. 100 phr of Exanple 1 is mxed with 40 phr of Pol ypropylene in
an internal mxer at 180 C and a rotor speed of 100 rpm The resulting

mat eri al we mul/ed9and the tensile properties determ ne@CTKN28102000i5¢] e

di spl ays resistance to 30the growth of gram positive bacteria, gram
negative bacteria, algae and fungi. WD 2010/091499PCT1CA2010/ 000159
Exanpl e Bampi) 28hThef réshapce df the dandmere formiedh ir6 xaimplea2®da @laatk N660

in a Banbury. m xer at and a_r.otor ed of 77 rpmfor 1 m nut

ol 1 owedeiatvReSHia (Belr i Yol s FESHEE 4find thaliRRns roediy' &g

Vul kaci to JMdY (il ExaRiple 28.X2d 1688t Gfe MWliréd@ARdh &f Bhoeras dispeifgitiad i ves -
sul fur (0.5 phi), stearic 5 acid (1 phr) and zinc oxide (1.5 phi) are then
added orardibaaterabinature” ofxsitkg-filked phasghatiumoenemerpanecarwosifeR te ékeil ti ng

m'x\tmgre IS uhfd at 160t.C. T&i s _cured article displays resistance to the
gr owh cﬁroyﬁé O PPYRINERAYENA. gr am negat i ve bacteria, al gae and fungi .
WHAT IS CLAIMED 1. Use of a butyl iononer in reducing a popul ation of

and/ or preventing accunul ati on of organisns on at |east a surface of an
arti cl e.Examplee 30525 gcoi Mxxpyot37 48 iaiapmbinedh avithi 20 ghef triphendphesphiret s
accunul ation b reventing .an increase in. population aof the organi . 3.
The use acpaiBasTas mif or BT PenBoR R dn s fuabdf LA on by
i npedi ngwar seeiBRfuddr (166 “er genpmyanthéMeefdd & 8 -rodm tERfpevairéssipr di ng
to any one of clainms 1 to 3, wherein the iononer reduces the popul ation of
t he 16r gafoilewed by Analysisgofi thei kasgilting ovagendl siys NMR itargasifirmnigier epmpletet i on of
t he organi sns.. . .
conversion of the benzylic bromide groups of the parent polymer to the
corresponding ionomeric species. This modified polymer displays resistance to

the growth of gram positive bacteria, gram negative bacteria, algae and fungi.

15 Example 31. A1 ft? surface is coated with a butyl ionomer described in Example
1 and is exposed to zebra mussels in an aquarium for 1 week. The number of
zebra mussels attached to the surface are counted and compared with a control
that is not coated with the butyl ionomer. The butyl ionomer material is
successful in preventing the accumulation of zebra mussels: if the number of

20  zebra mussels on the ionomer is at most 50% that of the control. It is predicted
that the butyl rubber ionomer will be effective in reducing populations or
preventing increases in population of mollusca and/or arthropoda, based on
previous observations with bacteria, fungi and algae and based on an expected
similarly in mechanistic behavior. In particular, it is expected that the ionomer will

25  be effective in preventing attachment of mollusca and arthropoda.

Example 32. 100 phr of Example 1 is mixed with 40 phr of Polypropylene in an
internal mixer at 180 °C and a rotor speed of 100 rpm. The resulting material is
molded and the tensile properties determined. This article displays resistance to

30 the growth of gram positive bacteria, gram negative bacteria, algae and fungi.
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The use according to any one of clains 1 to 4, wherein the organi sns

conpri se bacteria. 6. The use according to any one of clains 1 to 4,

wherei n tWe 20rtig@ni9ons conpri se fungi or algae. 7. The u®eTaxeordiongot o any
one of clainms 1 to 4, wherein the organisns conprise nollusca or

art hropoda. 8. The use according to claim?7, wherein the organi sns conprise
zebra mismhple 33. Mephsef BeamptE hgs tombinedowidh @0 phaCatkoh BlacR N&dier ei n

the iongner_is provided in an anmount suffjcjent taq exhibit e or, nore of
the fol M@ FRNPULY nﬂ%%rv%tr?z%ﬁ 260 Biptorheesel Thmm OpbpUNE; @'%edd%m
positiv ja | Gl i t i ram
Posi 1 vanp asiar ot fhel PenBiil A Ginth Si 7 B Mok R e 0 T e
popul at iphin) ofixegt fon aregdtlitivaabdah@iuites. o hehrurativeésct eulfdne(. 5 pdu) asteatid n t he
presence of (Tgr am positive bacteria at 30 C for c. prevention of an

( 7 days; c. pr L C
i ncr eas@Cith (T RENRIMLEARC Srde(1.ouply) 369 ther added Qreavdiwedofl Hpag@dmih t he
presenc f i f o 28 : d: i i ase in
t he pop%ngt?toﬁr?%g# t%f'ﬁé%tlgr? t Jer%arr%%?%ﬁg @%"'é‘r‘{ei 'ﬁ%@%‘?%ﬁi 1?9 t 'eﬁgsr g[s]g{lce of
al gae atarfifle Qigpays fesistynce idthelhowis of acsor shgiive bactesia oranpheghiies 1 to
9, wherein the iononer is provided in an anmount sufficient to exhibit a
reduct i ARcEria AgaserRd fBWiof gram negative bacteria by at |east 50% when
i ncubated at 30 C for 24 hours. 11. The use according to any one of clains
1 to 10, wherein the iononmer has an ionic content of at |least 0.2 nol% 12.
The use according to claim1l, wherein the ionomer has an ionic content of
at least 0.6 nol %
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13. The use according to claim 12, wherein the iononer has an ionic content
of at least 0.8 nol% 14. The use according to any one of clains 1 to 13,
wherei n tWwe 200mdm®® conprises a cationic nitrogen basedPCanet2oovabisgr oup
derived froma nitrogen based nucl eophile. 15. The use according to any one
of claims 1 to 13, wherein the iononmer conprises a cationic phosphorus
based functional group derived froma phosphorus based nucl eophile. 16. The

use accwﬁe of clainms 1 to 15, wherein the butyl iononer
conpris i ts derived froman isoolefin nononmer and a

conj ugat ed di ene nononer. 17. The use according to claim 16, wherein the
i sool efin nononmer conprises isobutylene and the conjugated di ene nononer

conpri sek i 445w @fica Byl Treoroske imcedudinggat popllation af6 and/or 7prengetieg n t he
butyl iononer furﬁ er conBrises regfg %Fg uH,its erived froma styrenic
mononer . 19.3CfHEN on X IPANSES Y et iRt 48U Rl AR A¥dest yrenic mononer
conpri ses pqrh?e-gﬁé%béﬁdﬁgﬁ‘&?da%ﬂ;1,T\nﬁeﬂé‘ﬁetwé:?&rdﬁhé\gpﬁegea&vawﬁnmbtieh aims 1

to 19, wherein e 1 onomer conprises at |east 2.2 nol % conjugated di ene
derived nul thygretémtinganindreasdin pepuiation obibkoganisn®l. The use accordi ng

to any ape claims 1 to 151 wherein the butyl iononer conprises,.repeating
units deri vggci‘ef V%%aﬁﬁoﬁ(@%%%ﬂw n‘ﬁﬁ%‘ie"hﬂbe re‘ﬁriec\,’eﬂéha _&'QE(_“‘ The use
accor di ng t gyGhpedirgattibihentofithe orgAntekito BRI, conpri ses i sobutyl ene

and the styreéeni c nononer conprises para-nethylstyrene. 23. The use
accordi g t dhenysepaecartling tai any dne of daimswide &, wheheiniibe yonaroeoiesiuces

RGBT L e AR M B8 SN oMY SO
pol ypr opyl _eﬁéproi‘fﬂjcﬁgn gp{ﬁg‘rg,rg,an%_rpnéE_PDM pol ymer, or a nylon polyner. 25. The
use according to any one of ‘clains 1 to 24, wherein the butyl iononer
further ZTonplheseseaaddardieg.to any one of claims 1 to 4, wherein the organisms
comprise bacteria.
6. The use according to any one of claims 1 to 4, wherein the organisms
comprise fungi or algae.
7. The use according to any one of claims 1 to 4, wherein the organisms
comprise mollusca or arthropoda.
8. The use according to claim 7, wherein the organisms comprise zebra
mussels.
9. The use according to any one of claims 1 to 8, wherein the ionomer is
provided in an amount sufficient to exhibit one or more of the following:
a. prevention of an increase in the population of gram positive bacteria on
the article when incubated in the presence of gram positive bacteria at
30 °C for 7 days;
b. prevention of an increase in the population of gram negative bacteria
on the article when incubated in the presence of gram positive bacteria
at 30 °C for 7 days;
c. prevention of an increase in the population of fungi on the article when

incubated in the presence of fungi at 30 °C for 28 days; or,
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26. The use according to claim?25, wherein the filler conprises carbon

bl ack, silica, talc or clay. 27. The use according to any one of clains 1
to 26, wheoeon/dahearticle conprises a fluid conduit, aPEIRTARMAN0PISA
contai ner closure, a seal or sealant, a material handling apparatus, a
mari ne vessel or structure, a cooling tower, a netal working apparatus, an
engi ne conpahentpreentientofaneincmasedotthe aopugonios algse mﬂt&aﬂh‘g? wbeany one

of claine 1 to 27, wherei,n the butyl,iono io ied to the article as a
paint or a coat |"?ﬁj’ba%§ ﬁ@eﬁgs%@cc%pmlgae%gggné ’@E?b Ve aims 1 to 28,
wherei n pgeveqd ius8 AdtRdrdinguBubay iche ef cldiMsof aand shersTRItheeidnbiyY a8t i ng

the formation of a contintous |layer of organisns over greater than 50% of
t he surface pipvidad iaran @neoursosufiicisnt taexhibdat iraguetion ah aapepuiption aie

coating conprising a.butyl, iononer effegtive in reducing l.at Lon of
and/ or pr eveq{?rhngﬁt@(ﬁ’nﬁ?fyagﬁr@ngﬁfatc}?aahﬁé@swgﬁnt 'nggﬁtﬁgaﬁgi”@w i@r Lglgti cle.
31. The coathqdigsaccording to claim 30, wherein the surface coating is in
the formof a paint, an applied nenbrane, a chem cal vapour deposit (CVD),

or a powtler Umausegccorging tohanycese ohglaios dridi 1y whereinghedorsamer has anwher ei n
t he butyl iononer coating according to any one of clains

LS.cured. .~ Ih
30 to 32, Mgplgicr?nltq{gogef%as’?az‘ng érrer is provided as part of a conposite

mat eri al 12 hathe Q8P EceSRIIRY © aalnh a1, dhel&iA theddhdlEe RS BAIiBBicicdntdridn 33,
wherein the plastic conprises polyethylene, polypropylene, an EP pol yner,

an EPDM pol yatdeastdr.6 aelyd.on pol ynmer. 35. The coating according to claim 33
O 3 RS ot 08 OO MR, g O ER J5nBeb L PR e
wherein the fUeiaae8 esitd Nng consi sts essentially of the butyl iononer.

14. The use according to any one of claims 1 to 13, wherein the ionomer
comprises a cationic nitrogen based functional group derived from a
nitrogen based nucleophile.

15. The use according to any one of claims 1 to 13, wherein the ionomer
comprises a cationic phosphorus based functional group derived from a
phosphorus based nucleophile.

16. The use according to any one of claims 1 to 15, wherein the butyl ionomer
comprises repeating units derived from an isoolefin monomer and a
conjugated diene monomer.

17. The use according to claim 16, wherein the isoolefin monomer comprises
isobutylene and the conjugated diene monomer comprises isoprene.

18. The use according to claims 16 or 17, wherein the butyl ionomer further
comprises repeating units derived from a styrenic monomer.

19. The use according to claim 18, wherein the styrenic monomer comprises
para-methylstyrene.

20. The use according to any one of claims 1 to 19, wherein the ionomer
comprises at least 2.2 mol% conjugated diene derived multiolefin bonds in
the polymer backbone.
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37. A nethod of reducing a popul ation of and/or preventing accunul ati on of
organi sns on at |least a surface of an article, the nethod conprising

provi di ngwa Joubgh4sdoonomer on at | east the surface of theCarcA20100088. The
nmet hod according to claim 37, wherein the iononer prevents accunul ati on by
preventing an increase in population of the organisns. 39. The nethod
accor di ngn.t orhd asenaddordieteny tome ofociaimes 1 o elbe mtteerainciheLbutyl ionoiner

i npedi ng attachnment of the organisns,to the_art]icle. 40. The, nef hod
accordi ng t&ocﬁ?ﬂf'ﬁereBPaﬁrl‘%PPrgs 8?”‘(‘?}1 gm i dsadlefin meneaics AR 8 SRS ¢ he
popul ation qfohd¢ePr gani snms by killing individual organisns or inhibiting
reproduction of the organisns. 41. The nmethod according to any one of

cl ai ns 372t o WO usetemcerding He ahaiga il s mheceinpthesisoblalin enonomép commtpgisest hod
according ta any one of, clainms 37 to 40, wherein the organjsns conprise
fungi or al gsebutygne And the§AgnicmEnamcS COBTPARGS SREA-GOEY SRS 1 o 41,
wherein e i i fioh . d
accor di n%@'t oﬂ?gigémagg?rﬁ\aﬁerd eilacfﬁl (tgﬁk:éebfojglggﬂ?g r%g ztcz’o(’\ngﬂrél?gg tgé‘tﬂ))y gTﬁgsﬁg% IQQ 45,
The met hod growvideédrasg part ahg conmasite chaienal B3t compdseswbqriastic. t he i ononer is

ey 030 2b 28 5 Srbo OBl 25 D e g e S pbbB R "
e eence ar BRELERS] S o & CEOMRCATC LR IR baR o [ (e
i ncrease2b5n Thes upe@meccatding tohngrama ofegjaims/ é tbddd, evhierein the butyl ionomer

further comprises a filler.

26. The use according to claim 25, wherein the filler comprises carbon black,
silica, talc or clay.

27. The use according to any one of claims 1 to 26, wherein the article
comprises a fluid conduit, a container, a container closure, a seal or sealant,
a material handling apparatus, a marine vessel or structure, a cooling tower,
a metal working apparatus, an engine component, a membrane, or
footwear.

28. The use according to any one of claims 1 to 27, wherein the butyl ionomer is
applied to the article as a paint or a coating.

29. The use according to any one of claims 1 to 28, wherein preventing the
accumulation of the organism comprises preventing the formation of a
continuous layer of organisms over greater than 50% of the surface of the
article.

30. A surface coating for an article, the coating comprising a butyl ionomer
effective in reducing a population of and/or preventing accumulation of
organisms on the surface of the article.

31. The coating according to claim 30, wherein the surface coating is in the form
of a paint, an applied membrane, a chemical vapour deposit (CVD), or a
powder coating.
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on the article when incubated in the presence of gram positive bacteria at
30 Cfor 7 days; c. prevention of an increase in the population of fungi on
the arti ove wheaidomcubated in the presence of fungi at BOT/CB201000R89 days;
or, d. prevention of an increase in the popul ation of algae on the article
when incubated in the presence of algae at 30 C for 28 days. 46. The nethod
accor di nig-t d hengoating @cceldingrio Ftaims 46, onBdr @vheremetha)ﬁu%érlon@mpros/i ded in
an anount sgtffiqci ent to exhibit a reduction of a population of gram
negati ve ba tEr a by at |east 50% when incubated at 30 C for 24 hours. 47.

The et gyl ateordatitly becsidin®i® My 6h&idfscidifgd B04fp 3ghevtriraint te bafmer has
an ionic content of at least 0.2 nol% 48. The nethod according to claim

47, wher ei nien@nmenisdrrevidad asaar eha corpesdamaieriakthabe@mnposes avlasticas. The

ot 1 east . 8 e hastingo Acthifng  REcBalionth nMER Y B RsHE CPARESS t o o,
wherein the dow&lﬁméné,%mgb@@?Ie@leQth PRipIythér QUEPP DA 88 IyimMETC bi an@flor oup

derived froma nitrogen based nucl eophile. 51. The nmethod according to any
one of clai ®P®h8Teto 49, wherein the ionomer conprises a cationic phosphorus

method attor fngo iR RGEGRINEDfo Sl 2 B3 bR IE oS Pl b orer
conpri ses rep@dirises dihctPopristiv edichhaten i sool efin nononer and a
conj ugat ed di ene nmononer. 53. The method according to claimb52, wherein

t he i soo¥ef iiMenbeRting aeenrgindsiOsany obet 9l eanudl tondd.cuhgigiathel suifasr

monomer Conpl 385 cbigRiSsentially of the butyl ionomer.

37. A method of reducing a population of and/or preventing accumulation of
organisms on at least a surface of an article, the method comprising
providing a butyl ionomer on at least the surface of the article.

38. The method according to claim 37, wherein the ionomer prevents
accumulation by preventing an increase in population of the organisms.

39. The method according to claim 37, wherein the ionomer prevents
accumulation by impeding attachment of the organisms to the article.

40. The method according to any one of claims 37 to 39, wherein the ionomer
reduces the population of the organisms by killing individual organisms or
inhibiting reproduction of the organisms.

41. The method according to any one of claims 37 to 40, wherein the organisms
comprise bacteria.

42. The method according to any one of claims 37 to 40, wherein the organisms
comprise fungi or algae.

43. The method according to any one of claims 37 to 41, wherein the organisms
comprise mollusca or arthropoda.

44. The method according to claim 43, wherein the organisms comprise zebra
mussels.

45. The method according to any one of claims 37 to 44, wherein the ionomer is

provided in an amount sufficient to exhibit one or more of the following:
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54. The nethod according to clains 52 or 53, wherein the butyl iononer
further conprises repeating units derived froma styrenic nononer. 55. The
met hod acwordicg@iise cl ai m 54, wherein the styrenic nonoOPET/COPYI08ES

par a- net hyl styrene. 56. The nmethod according to any one of clainms 37 to 55,
wherein the iononmer conprises at |east 2.2 nol % conjugated di ene derived
mul ti ol ef i n dongseventioheofErl Moraskdn kihe pepulaiion B gramtpusitivedeamteliagnt o any

Ome, O 1o, S5t B 8 R b RREP GARTB S Bgphr '

according to cl &gmpipr Mgfei N the isool efin monomer conprises isobutylene
and the styrenic nononer conprises paranethylstyrene. 59. The nethod

accor di ng t d.anprevanton ¢ff am mecredse ¢ 98 papalagon qfrg;abunggaﬁlmbaﬁenas

provi ded as part_of a MPasi t rial, that conprises a 60. The
et hod accor d ngtGearfifmeaeen ReUBeld fiibé prés e diiam SeliSboSer: ene.
pol ypropyl ene, @@359(}3@rw@5 s-an EPDM pol yner, or a nylon polyner. 61 The
nmet hod according to any one of claims 37 to 60, wherein the butyl ionomer
further conpri seseverttion @‘ran mreaﬂeelndheMUQimerlfugglt@ theadartickLwhener ei n

the filler corrprlss nback |ca 63. The net hod
according to any” ﬁ’@t% "l: §|9'F§S% ‘?8‘1 oyiata %Jh% dgi{%lq{l e conprises a

fluid conduid, &rE@HtRINGan RcFIYeAhRRE bg%ﬁbﬁ’of%lg%%%n He §ﬁ%\eaﬂhena

mat eri al handling apparatus, a nmarine vessel or structure, a cooling tower,
a metal wor ki ng irgzated irsth%preeegfnmefalgapméﬁfc@)rﬂerdayane or footwear.

64. The thpd accordin y one of erel n the butyl
Conomer 18 api MEdaGApHca A G S P 382 45 BREISIE e @rOmE et hod
accordi ng t Q@ B0MeANR 8h FHhShMBsFicikht %ex}‘\’fbﬂrﬁ'r@dﬂétﬂi’rﬁm ianPopiation of
accurnul ati on of the organi smconprises preventing t formati on of
conti nuous |grpeT nefativeydaictaria byeat lgastab?o wihan an%)aﬂedt ate30uiG éﬁ.@l'e26f t he
article.

hours.

47. The method according to any one of claims 37 to 46, wherein the ionomer
has an ionic content of at least 0.2 mol%.

48. The method according to claim 47, wherein the ionomer has an ionic
content of at least 0.6 mol%.

49. The method according to claim 48, wherein the ionomer has an ionic
content of at least 0.8 mol%.

50. The method according to any one of claims 37 to 49, wherein the ionomer
comprises a cationic nitrogen based functional group derived from a
nitrogen based nucleophile.

51. The method according to any one of claims 37 to 49, wherein the ionomer
comprises a cationic phosphorus based functional group derived from a
phosphorus based nucleophile.

52. The method according to any one of claims 37 to 51, wherein the butyl
ionomer comprises repeating units derived from an isoolefin monomer and a

conjugated diene monomer.

-36 -



WO 2010/091499 PCT/CA2010/000159

53.

54.

55.

56.

o7.

58.

99.

60.

61.

62.

63.

The method according to claim 52, wherein the isoolefin monomer
comprises isobutylene and the conjugated diene monomer comprises
isoprene.

The method according to claims 52 or 53, wherein the butyl ionomer further
comprises repeating units derived from a styrenic monomer.

The method according to claim 54, wherein the styrenic monomer
comprises para-methyistyrene.

The method according to any one of claims 37 to 55, wherein the ionomer
comprises at least 2.2 mol% conjugated diene derived mulitiolefin bonds in
the polymer backbone.

The method according to any one of claims 37 to 51, wherein the butyl
ionomer comprises repeating units derived from an isoolefin monomer and a
styrenic monomer.

The method according to claim 57, wherein the isoolefin monomer
comprises isobutylene and the styrenic monomer comprises para-
methylstyrene.

The method according to any one of claims 37 to 58, wherein the butyl
ionomer is provided as part of a composite material that comprises a plastic.
The method according to claim 59, wherein the plastic comprises
polyethylene, polypropylene, an EP polymer, an EPDM polymer, or a nylon
polymer.

The method according to any one of claims 37 to 60, wherein the butyl
ionomer further comprises a filler.

The method according to claim 61, wherein the filler comprises carbon
black, silica, talc or clay.

The method according to any one of claims 37 to 62, wherein the article
comprises a fluid conduit, a container, a container closure, a seal or sealant,
a material handling apparatus, a marine vessel or structure, a cooling tower,
a metal working apparatus, an engine component, a membrane, or

footwear.
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64.

65.

The method according to any one of claims 37 to 63, wherein the butyl
ionomer is applied to the article as a paint or a coating.

The method according to any one of claims 37 to 64, wherein preventing the
accumulation of the organism comprises preventing the formation of a

continuous layer of organisms over greater than 50% of the surface of the

article.
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