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WO 2004/ 096901 PCT/ US2004/ 008894 ANTI M CROBI AL RESI N
CURED RUBBER ARTI CLES AND PEE- VULCANI ZED COWVPCSI TI ONS
wG200Hebdedonf the I nvention This invention rel at BGT/US2004/008894
certain non-silicone resin cured rubber articles that

are made fromat |least a majority by wei ght of
non-silicone vul cani zed rubber that include
silver-based conpounds to provide highly desirable
| ong-term antimcrobial characteristics within the

c . . ,
Sgﬁjlwﬁggoﬁféﬁo alrt}]E(@rIﬁgg%g;D ﬁ?}ﬁgR A%TICF‘L%S AND
conbi nati on W YEVAEOIIT®)Iand can be
utilized |nSPR@%5ﬁg?’ 0 f@ égent appllcatg%ns As

sil ver - based conpounds are deleteriously affected by
utilization of standard curin agents and curing

accel erators, such aSFEh!ﬂUhe ﬁ%@w@onpounds and/ or

y t.ens QY
: 1ﬁ1'ul:‘;68{5?%f6 %usf %é) a‘%/?pﬁlél (:POP colie gas% ecli1 it %Fr %rtlgl%s !tha? are made
from%'t fdabtGhbjorioMeveicht bich- sh]‘i]&ﬁi@tvﬁlﬂﬂnﬁe@ AMpRsHasinkhde silver-based
presence of ‘different non-sul fur-based curing systens

companigds ‘@ge‘mflgle heghdndessrabledong- tguman‘gml(tl plzipl @@raﬁtqustlcs within the

e S S8, 3052 Tk, ESYSEELNLB B hl ver .
comlﬁﬁe{tfo% '3?981% iRimdibRyskl T&ﬁfs?aﬂd%@fe ut@izbll &l £vAdeebf different

he rubber articleS may also conprise fillers and/or

emphpMastC|zers to provide 20 desired characteristics of
di nensi onal stability, stiffness, flexural nodul us,
tensile strength, abrasion resistance, elongation,

ands Filﬂ@er-lbiag\% ook no&ﬁl@?ar‘é ld%lef@?l%ﬁslgf lé?f@@c@d 8y hhﬁ&ﬁwn"&?'s{aﬁdard curing

si mul t aneously surprisingly” enhancinhg the control
agentsfana Rting Mc@lmiraibrseﬁlfchmaswlfmfbasdstbcmmds at/ot syiste:nmsthe ability to

This invention also provides a Si HE(Pﬁd P
provﬁ@ @H@k%@ffWﬁ apimicEpitirlafGeBisF A FRhGT Bl {Tp er ditficult. However,
this %ﬁ%g%ﬁ eﬁg&hﬁézsgésntge fetsérﬁJe%f dgﬂ%ﬁérﬂ %{)H%[lﬁur-ﬁéyeﬁ chfl Z% tedfd and

asses cer a n non I cone pre- vul cani raw

agenfsyhﬁﬁras reiiralg, eas pemdevflcmiaatibn heddd nat imgjversibly biny silver ions
ght of naon-silicone rubber that |nclud

thereé,q hesshopssdting BrieB BTSNt iBipobiAl BeriHmiREg of e diltimape gubber
artlclﬁ 1{] glf ?ﬁe ru%rl]o f artl%fegglj S7| a%)sg)h:%{ 91%? E'l 1 Itsla‘ﬁalo a{gLazérP % pr o]ignowde

e resin cure es nad

desird® clAr s etsticd Bf @fmdnb@nrstabilitdy §t1fﬁiebs EeuraPabeiils, tehsslegtength,
bel ow are herein entirely |ncorporated bé ref er ence.

abrasigd 2eBHN0Q GYOERa T 2udtediveo s deultimayapbergbcperlile
s1muﬁé§eg)tp&1g%%§ sfl)xfpr&tnng enlhg]frllcnllgn thie %gr?trr]cgl of% aﬁ{lmlglol\)ﬁ%pefhgactyho% the rubber
article as well. This invention also provides a simple method of producing such an
antimicrobial vulcanized rubber-containing article. Furthermore, this invention encompasses
certain non-silicone pre-vulcanized raw rubber formulations made from at least a majority by
weight of non-silicone rubber that include silver-based components to provide highly
desirable long-term antimicrobial characteristics within the ultimate resin cured rubber

articles made therefrom.

Discussion of the Prior Art

All U.S. Patents listed below are herein entirely incorporated by reference.
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bacterial contam nation from potential everyday
exposure. Noteworthy exanples of such concerns
WO pakgkot he fatal consequences of food poi SonPETUN2004/008894
to certain strains of Escherichia coli being found
wi t hi n under cooked beef in fast food restaurants;
Sal nonel la S enteritidis conjam nation causing

sfrom d and uvvashed ultry food

o iR Peeihh fFat et oE & ki Shee i BRE wha e Hepte

bacteflﬁ’l c%h?aﬁhﬂétﬁﬁ%&ﬁ%o?éﬂﬁ@l%erﬁh? BgiRlifed NRBRUHIPS S les of such
yeast (Candi da al bi cans), ot her wuni cel | ul ar

concemmganﬁudﬁﬁle fW¥al borssagilenacs of fn@d p«ascming dusionertainnt@mssit

in this area nuf act urers. have begu troduci n
Bscheiianiots GO T GRS L SHCS B an b Ry BSOS grele
e S5 b5 0% IAEE G, SLANE By o
prodietsgl andriinesses tuisd skin m.fedlcms apsbhuted t Staphitlocoromst @iraus, Klebsiella

prew YO RC AR PG, 474 P BPREF R A gingems, With such an
mcre?ﬂleg B?l%\ﬂglretr @g?ﬂegﬁﬁ RS Fnaeta' lﬁgllﬁgctélg aﬁre %Q%H‘gfl}:lﬂrgg%lh Euﬂ m10rob1a1

agent$ Wihevarub efle@dlﬁsprbaﬁc&S andsqrticled.i Bal ihytanael catunz b]dinds of cutting
rubber and surfaces thereof, have Er oven
boardgcdies §plss.shorinselte magical deyiess apg iap %ﬁtSahaﬁufhse% figv el

COIltaPI’l \T(.?I-IIC].I 1&?%0&50%(%1: IT%E II’IEOS{ ﬁ' a‘ﬁﬁg*&gg a??otr'sf{?r} ;1‘8[‘/168 18

act er I NSt a tri osan 1t

trlcloﬁﬂng r@mﬁ)‘hgﬁaﬁd in¥orpétatioh I@f aunth eﬂldirnpmfund erithan Hqidloy o®rtdin polymeric
substrates and/or matrices (and thus is not very

medlamasdcme@}elatweésc R1§1Pt1‘h ot Pubstralss, |Spﬁvﬁe%11vdw1%%zqdé5@bqr;and surfaces

there?fe ﬁ,%gefpzf)ﬁq%telgis acg%s(§1 5 e@ulﬁ‘lel{rhléﬁ%b gﬁl[l&lggeﬁ X d}tg)ﬁig lﬂ%% proven to be
difficBRGh 8d & inkirddive QT celthmttabeta. dP@lSm@t@ﬁce ﬁiﬁlbﬁhhtsallf)mlgrates easily

kill for Pseudornonas aeruginosa). 20 Antimi crobia
within et ewt dfeertaingolymeicarubsteasest aaidfvir ynaiiiegs| (9nca@sus St very durable)

ks 5B A O B ST P B BLd B3 v

tempgi%ﬂ?és? tahd dous noteﬂr%délﬁtmﬁé%ﬁgé of Batdrial |- Oebr instance does not
anti st'ai ning, and odor control properties. Rubber

exhlbanranlydmléﬁoral?seudamaﬂawzzemgwwsn}any di fferent applications,
from aut onobi | es (hoses, tires, bunpers, etc.), to 25
househol d itens (toys, sink washers, gaskets,

apﬂt Iﬁf&? ovae} Sr[lﬂ)l%‘i’ éor‘ﬁﬂﬂﬁ ond %férce%ﬁﬁy %ﬁfyﬂfe&ﬁé’d fdr bduction of

|ke and ‘ot her areas in i ch
Vulcalﬁ&eﬂ embbat agficteatahd i ICSmposp’ﬂ)dSI&rtt) ipedvidquaiioingnantibactstialtieaefts, but

remai ns a_long-felt need tg grOV|de an effec%jve, )
also apfifunspk amr“é‘lllfi%i iSRS 6 pronPLRRORPitiss Bubber gislss are

ot TR BB BN 008 41 B i,

housého[t&itemy {téﬁﬂ kinkdvahérs cdagketd applidndesn flebymatsy dbor3fats, carp eted
hi ghly desired antim crobial rubber fornulgtlon and/ o

rubbey maé% r&il%@éb aaflthe ike)c wnsk aiherareps 4n Phsh.bagiegigherowth 1s 2 potential
oS HLELEEL S BR300 B
antmi?%&'dﬁ&@%ﬂ&h@@&ﬁ‘i’ubber formulation which will provide such long-term
antimicrobial, antifungal, etc., effects within the final vulcanized article. Unfortunately, such
a highly desired antimicrobial rubber formulation and/or vulcanized article containing silver-

based antimicrobial agents has heretofore not been provided by the pertinent prior art.
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3 The closest art includes Japanese Patent Application
1997- 342076 whi ch di scl oses the production of

warooyhe@ni zed rubber formul ati ons and arti cl eSPCT/US2004/008894
exhi biting anti bacterial properties due to the
presence of silver conplexes. Such fornul ations are
formed through high tenperagure pl eading in an

-f t
CARETaL RS R REPlie Sy B SRR 00T idhufon iscioes e
pro dl{CHQQ SF uhld ARG er PRI ARG Whd Bitid]eRlexhibi tibBéterial
di scl osure. Antim crobi al rubber bands have been

propdraesghte to Ithe]}arpmes of ftce mmﬂpm& Sach &m@gmns pr0fBaCd Hirough
vul cani z rmwith si er anti Cro
high GTRG FBH VBB Bhvaen-5F6 AP RAE AT 210 et daPef devater
disinfBGord %@te‘fryl Fx@’ﬂh Z@ P PardtRRuPbs s 1alShtWH @behisddl Killin or through this
curing agent "to effectuate the final vul canized
disclesurangenent of the subject rubber. Such sulfur curing
agents have a remarkably del eterious effect on
certain silver-based anti m crobials such that the

AIE[ 1cr5b€f éiv'bﬁﬂd d‘kt’a%e %Eénvt%ﬁ 1t @f fI APnEL PR S |A\{)%'hcat1on 1997-

ere y rendering 1t Tnetfective as
1400@41(,11 ‘ﬁﬂcai’mibﬁ fohs wathodilvet digintitiobiatatherem. dloweedr, smh cbfpounds are

rubber band fornul ations for and MAH@ 1% Iar e-scal e
rather Ruitad & wisi 2 thy Yileamigetion sipadpsh o A R BGE agent to

effec&% e tﬁé BolRE cc‘abnggedaaprtah%nﬁé PRERE s %&)&Juglge +C &2 ¥Siur a:u_rlng agents

can ized T A ons ve en produce

have ta'i@m@@(&lbly deriteiork cffetaih deshigsilde~rased dntiratobstvisls anch thh the sulfur
silicone-based. It is well understood and. accepted
reacts Wath thq $ilvenina tp dfsime pidves spdde. therebyreadmingd insfecyys e

sul fur, 20 b i
A RS TONR: P LA v
largejsgglzaﬁﬁﬁ?c?@bﬁﬂﬁﬁ&l%@ﬁ'&@ﬁﬂﬂﬁurﬂﬁm’k@&b as U S. Pat. No.

5,466, 726 are standard vul cani zed silicone rubber
fornulatlons and artlcles whi ch al so include certain

L1 SRR BT BPTRLVAER o
been ?P&hmg{/ RIBbPhy! hawdRe suchiptexide Lardemsher e all silicone-based. It is

merize when cured Wi th peroxide based curing
well ﬁﬁdesgtsmdaami adéapttcﬂl &ramﬂleonerrublbm cangoeReyulcanized by typical sulfur-

e YL S TS OTREL 1 08 SR 00U 30108 PP Rocations
1997%‘69% 5&@19%%@51&%@ %11% 'UV§ P Rag6s 4681 2dnre kR @k Sulcanized

i ncorporated wthin pil ber conponents. These fl oor
silicametrsbteaY@nmdatiod® aa«h annias rvdm}a:hlsq inohele cblaa;tmangmmnlvlehcompounds.

Adchigaaii o B ass ot aFierbr B Y CORSBORHE VO T AT By

onf N A, R EPUR4RE (32 b R0 ey pcid s i
gmmhgmever to date there have WD 2004/ 096901

PCT/ US2004/ 008894
Furthermore, rubber latexes (non-vulcanized) comprising antimicrobials have been
disclosed (U.S. Pat. No. 5,736,591, for example), as have floor mats having silver-based
antimicrobials incorporated within pile fiber components. These floor mats have non-
antimicrobial rubber backings cured through peroxide-catalyzed vulcanization to protect the
pile fiber antimicrobial compounds from attack by any sulfur compounds (as in Japanese

Patent Applications 1993-3555168 and 1995-38991). Again, however, to date there have
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4 been no disclosures or suggestions of producing a
vul cani zed non-silicone rubber formulation or article
wezdntlopdodng excel | ent antim crobi al properti esPCTUS20041008894
the long-termeffective wutilization of silver-based
anti bacterial conpounds. This invention fills such a
v0|d 5 nject of the Inventjon It is therefore an
of this %ventlon ta

t
been RRURRCE Bt STRSERERT CERTAPAPRG CAKEEPL BRBPH RgDe formulation

or arthdd EX16hiBAE cROMITeM StRRLARbiABEIp¥HicY tBBEtSthE UsHd etk effective
integrity to wthstand repeated use W thout | osing an

utilizafqr efsilabi-easké aetibasferial ¢drapouads.i 'Hiis iisntibn fievenchor void.
nodul us strength. Another object of the invention is
to provide an antim crobial vul canized 10 rubber
article conprising sphy&t oPasaGvasiddm crobi al
compounds whi ch i ncl 93! r gsiﬁ% car ing agents which do
ndt isdbérefors arouljleyt @Efthie divenhtien tnirbwide aobn@hiachipliesin cofed
the finished vulcanized. article (and thus i : .
rubbcoBI1 B¢ Ply“C%ereééum%%ﬁtgfﬁwﬁwranﬁa%@ég@ﬁ 'fl(ftwgwélgé fitrgetiay miegrity to
w1ths"?eﬁﬁer o}‘?é'a?ég\(}{sg )wuth%{e ls?lsﬁl%%hlr g%re&gglgzg%\ieggﬁ %12(}62 iahtg%gz?{al{ng]{beower or
modlilhkaiu engbhh | Anidtiserlodfeck of the imteasod Brto ﬁtcaipcﬂwzimmm@m&bial vulcanized
aureus and Kl ebsi el | a pneuni oni ae (and/or ot her
rubbgryafécde eFmprATRS Fifver asademiiyigpbigh cq%mdw@mé@flp@ﬂd%sm curing
agen@ ?x}éh\}(éln(fg(ﬂ&scféfe %r?o%ffyoe?fr?tcg ﬁﬁgﬁﬁtﬁ}ﬁ cilr'cgbq laa%t&@( l)f[’ th@sfims{lgd vulcanized
arthGQMﬁl thiis ®xpRataly & frbm sartot- bﬂad obfieeigenfs anidhicselerators). Yet
invention is to provide a resin cured
anotheg bb]é@t-q,félﬁﬂﬁ amf@nhgn Hrtp m&mdec@mém irethrubberpremiaiaing article that
eXhlbéégtl(? %%1'1 ets gﬁ)r ,52%?}%)9(%0 nugsga%lliseu% ?élgb‘?’sgelﬁz:?éz%{n%oﬁ ?zg Eﬂhd%sf other
types(‘cﬁ'blﬁ&gnb haekil) ofCa &t GaehnNRiues e%f@%ﬁfefalt fddin @nhferature as well
pht hal ate oils, netal oxides, and 20 the |ike) that
as pralegts gowih Qfeceéﬁlhiafnn&wém of lpast 1 daysarfiexposues. Stﬂl another object of
i..m crobi al rt.icle .i.tself thro

tis AT o TS V0GR T Onc et SRR TR RGP iot Py g S hure

1nteg£1%f igller c@fﬁﬂbﬁéﬁ@aﬁﬂ Iﬂaﬁfmﬂe@ﬂ}( i ds. sﬂ[c@t B8t 8dlts, organic salts, pigments
ap y ococcus aureus and Kl ebsi el a pneunnonl ae and

(suchprseasondlapkpwatviuh chrbogite, mraffiniaoilsspehaatelois, mﬁtgbmldes and
not her, object is to. provi qe an.antim

the TP \gbaF S8 bR EES o P GH D PBPAD £ A D8 g articl
1tself9ﬁ1%ﬁ%1]gf‘e%upaterdes§fvgr fb'rirrgl‘éasrelw BRI arEIL 's&t]fgce‘{fe Sukhib&s BldherZBg kill

ant i obial activity and structural intégrity to
rates it Sigp/ahtor @peatrad and Klvbsidioytelimsning aahpreaps gmwih lo€ fungi
| evel of either ant|n1crob|al efficjency ar .nod hﬁ
e -yulcanized

such g¢ AgnegEirs geramsthamothsh Paigst if & PrPB”ﬁ@B@PHE“"JOEHa
raw xﬂﬁ%%?gmﬂ Jat noﬂhltc&lﬂﬂla ?ﬁ?@o@ﬂe g}é M GO htbef ﬁ‘ﬁhﬂ: oFWhBient
ru 1 cle. ,&c cor

e€r-contai ni ng di ngly

antindiEneBial h@ivigao @’Q&Gt&m ieghityrenwlthnadd Iyzpsa’tetbhﬁ W1®18:lum losmg an
cured rubber- contai ni ng article exhibiting | og [
appracibissley o of sithgrpliseerebia eféiexeé@smarﬁa OWPE G, oY et mother object s

to prgﬁgééé gr?rgﬂ@%eﬂ{od%tf p!rc?cﬂl% ngt]sugh SI?%F }o%gal %esnli] @idled rubber-containing

article,

Accordingly, this invention encompasses a dimensionally stable resin cured rubber-
containing article exhibiting log kill rates for Staphylococcus aureus and Klebsiella

pneumoniae of at least 1.0 each after 24 hours exposure at room temperature. Also, this
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WO 2004/ 096901 PCT/ US2004/ 008894 5 invention

enconpasses a di nensionally stabl e rubber-containing
wa@eaode@oexhi biti ng antifungal properties sucPCT/ls1004/008894

said article exhibits at | east 60%inhibition of

Aspergillus niger ATCC 6275, when tested in

accordance with Test Method 4 SO 846, for at |east 10

vl Srone s S0l Bl RS R DAPG apgpgnone

prope%s%gclﬁthﬁ’t‘&?@ brtie R R His 18510094 MnGRABH bSUHRraillut RSt ATCC
one silver 1on control rel ease additive, such as

6275 twissmeacsiel mctcedrdbnanyith Eeg Methot B B44, ifergatdéast 10 Heysat 30°C and
(such asocarbon black, calci.um car.bonate i nor ganj c.

o gt tdn SO e F G rgior. S T ROUGH RFBEEharaof o cured

mbbeg-gggﬁ_ﬁw %rﬁbl%%f)?qpﬁgrﬂg%t UG RS vahbhad Rt rélkdse a8ffive, such as

olls hi"s I nvention al so enconpasses a
those REleeted ioanihz edoupudaineisting of filidra(sionacearpen biagly calciune ggrbonate,
_one rubber constituent, the majority qf ich t b
inorgapip g#ltss OrEaNicisalih s1licang mixgirey 81§Pb&ﬁ Péa}véﬁ%?-s [{gﬁse%mﬁ as
L ! OSTRQ U o sER % fre SHIchRiGed rubb

p htha?ag%%fggu%@%\%ﬁg chl %EZI ?ng joglﬂ&dn %‘1132? nC cur iS ng cl{)i?rpouc nd COHmRE
formPEESEHmMPMinY @ 164t ond @ibbed @hitinerdoths majaityiofigihighemast be a non-

appr eci abl e anount of sul fur-based conpounds,

S and . .
silicowhebbien at ke ongtsHEer-basest FIMAEETOSH pRPeRA 1t ol sy prpggsin curing

at | egst .on | owi t Llovare. :
comoflpd 530§ PP BRI copflp hEBRLoRAR IR MRl cocs
not iRfflietah \eppRLBle drhamt sahdfusibhydrcobgoandsahd whereirbiaad ribber

conpound. Additionall Y this invention enconpasses. a
formwietidroebtismally eelupiiseg ahleastiong Riovaag agqmbi leasheneiiyenign release

BT TR ——
comp@Pa. S Ufition RS &ls R&hforf ticoiPaieen inettdyich fydrod sy a vuleanized

silver-based “"antim crobi al conpound, and vul cani zi ntg
rubbaraiodtamibp erticteoromyirisitignhe stepsofmapidingtambber fogpulpler of uncured
150C and at |east . at a pressure of 3.bars F e
rubbg ot BT SR G S Rherd i s g S assd
anting bl cGHPdREL ﬁ&?%lcﬁﬁ'ﬁn?%@ et frmubeibaiat 8€mperature of at least
Descri ption of the Invention The term"dinensionally
150°6taabeleastait b ptassute of 8 basnebapuswidrubberdaneleton issbbstantially
article that is structlural |y able to be handl ed
free pp SBHY Qe ReelRlitAE Y ACE smal | er portions. Thus,
the 25 article nust exhibit sone degree of structural
integrity and, being a rubber, a certain degree of
fl exural modul uPetfledDaception bf thedmivemfiex obi al resin
cured rubber-containing article has not been. taught bb o]
nokhe tgrm “ginagngipeativ sfaliet i itentrd 1o FBBURPS &J’é‘%“rai?lzg? Tubber article
prior ) t 4 ¥ :
toat Al g BE BT o R RUARERAG s aler Forions. Thus, the
articlRPRise 6xlabit sorde degee bhsttucheilnhtegrityimdy Btiegt indsbenfa certain degree of

silver antimcrobials within the final product in
flexvgatoneftdussuf f i ci ent to provi de

1

Such a specific antimicrobial resin cured rubber-containing article has not been taught
nor fairly suggested within the rubber industry or prior art. As noted above, the avoidance of
sulfur-based curing agents and accelerators to any appreciable degree thus permits the
retention of silver antimicrobials within the final product in amounts sufficient to provide

long-lasting log kill rates for Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas
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long-lasting log kill rates for Staphyl ococcus aureus,

Kl ebsi el | a pneui noni ae, Pseudoi nonas WO 2004/ 096901
weERONANE2004/ 008894 6 aerugi nosa, and Escheri cPCHUSIN4/008894

at the very least. Furthernore, due primarily to high

costs, non-sulfur curing agents have not been

preval ent within vulcanized gubber fornulations and

aeru%nogmg!%r}e %n erzc# id cb ﬁaa%{e %ﬂrtﬂ@mrloq@c&ﬂe 111?&11% ?d %gh costs,

Oof coup fur curing
non-sWEEE cutiRf Sealihive 86t H&eﬁ‘ Efe‘vﬁ]l@nta&gﬁmh%ld&hizhd Sl!lHBéE forbasedns and
anti m crobi al %gnts W thin pre-vul cani zed rubber
articlésorAusushi bare hag beer no @ﬁﬂé@g pw@lrwuamsilml ef eppding non-sulfur curing
er .art cert

agentf; quq%etpgs% gﬁfi.férggf Srei@ &Blﬂn%%geg sp W&gl s11é181 egﬁé( Bptérgkcrgmgl agents within
pre-valc@@izéd BHbasfolinbia@bss to B efRithalyadindbdbRA R afchhiBéCrubber
oils) are generally, although not necessarily,

articleequi red to provide 10 both flexural nodulus and -
structural integrity to vul cani zed rubber articles.
The rubber conponent al one generally does not exhibit
P r&cﬁ’cﬁﬁoﬁ’dl&%‘e%a@ﬁ Al1eSLARLIE EMcihd tﬁﬁéﬂ c8W6A bl dslt&ah MBS as fillers,
Surprisingly, the presence of such additives also

and phtloviteles] pdreffmid bild) pre genemiy,radthough h@teiecmmlryaeaasgi imtprovide
the targ cle s rface VVt out nd|

both Beiel O HHy A REHTE MEgEp VB ilgs Eﬁ? gibber
comptlgg ?&%@eﬁéﬂa}l? ziaesaﬁbt sihibg %r(ﬁﬁg dEHGRi Rk sctaﬁﬁty w1thout such

s sone 15 anpl es), act i1n-such
additivay. 8srptisindtyahepresshos ef sunh @ddlheesaaim wbeidehilehbillig m control

transports silver |ons fromw thin the arg Iggio the .
silversignfralease at theslatset artiglesyrpseon!Vit V\%Wétr}nte%lé‘gﬁ? Bg ejagy gpecific
e[ e FRURRSES YL 51 SRERCE SRS A g s o

exan PSP ABCER sﬂfzh hargek tatmwnhsistie avatheablide sdiidhathen trhhsperts silver

ions. 20 Ot her hydrophobic fillers, such as_pigne
ions frperwidhia iy aticlede Bisrsublae K sasta élallwénoaxﬁh%a*h%ﬁ?&%amcle may

exhlbéﬁ? %{Fcettdhsﬂv?r;rrléleg?e %hﬁflgg %lg& lggﬁplelra £¥o$&?t@iﬂ1&c¥é%%e to the

ver -

preseit &6 £llat 20 altn@uﬁth @f avdilablegusfdd der iohhus, the reduction
of such silver-ion availability decreases the

anti bacterial efficacy of the rubber artlcle

f ct hen act u ant | I
S RIS ot
carb&ntﬂ% PpeRan %‘or@ﬁn e o%ﬁéiﬂ%hﬁarﬁ@ﬂb‘ﬁk&pﬁfg @ﬁ@ho@&ﬁf @M@ﬂafg\ét article and
required fillers and oils (sone hydrophilic antistatic

preve eifites-iomhsgratipp tathe tartwéq:surfane t Feuss greereduntioarof gech silver-ion

avaﬂgmhyydfecmapescthﬁé]@t;l}aﬁgﬁfﬂ; %Eué Io[f i}bee gg%re%@?l yIn eflfec'te then, the actual
antibtgﬁgi?ﬂ%lﬂ?&% of ﬁ?e%n'tﬁ&%%ﬁer%@t%l@ Eard lb@é‘dﬂh%'lle&'ﬂﬁ@h%lﬁth@ dishence of

us actual usefulness) of the finished article serve
certam and@intiaf suph gposellheneiraf Hiles emt eitogrinedydwiphiicrantipetic agents
rubber industr Rubber artlcles can be produced with

also apea pjact Brihe §3BS MaANGas dliga BeWalthg upon t he durati on
of antim crobia

As a result, the necessary filler and/or oil constituents required to provide dimensional
resiliency and/or flexural modulus (and thus actual usefulness) of the finished article serve a
dual purpose heretofore unrecognized within the rubber industry. Rubber articles can be
produced with specific end-uses in mind depending upon the duration of antimicrobial

activity desired through the addition of specific amounts of such additives. Again, such a
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activity desired through the addition of specific
anounts of such additives. Again, such a WD
wQ2o0Pen01 PCT/ US2004/ 008894 7 targeted durBCT/082004/008894
antim crobial vulcanized article and the benefits
t hereof have heretofore been unknown and unrecogni zed
W thin the rubber industry These rubber conponents

targefl g%éléatlon an r}ﬁ}ﬁ%lp&gggﬁ amzeed rmgg zi.lac?tht%soenéﬁtls Y]—Eerrecjf%gve heretofore

SR

been RAkRSvIRAVEiredonizl QARG HE Quisiey @fdustRy. Theeaattd: cotbbedents are
whi ch must be vul cani zed to provide a dinensionally

thus lsgreipp@errrafsbied taps Tsélver iofprdeasp sentrel@ddifiyes’. of rubber
are |isted bel ow and have been utilized previously
within the rubber industry for a variety of
appld ©ah reter, 3R GoRHALER & dtdnedvd) dovknawnstadadrd @Baéﬁwhlch must
t hroughout the prior art. Such inventive rubbe

be il amimed a0 porvsdendinvnsienallrstabd E&)bnﬂaw1a]|es dhg @B@?efécstmes of rubber

s SESTGR] BLASTLE 50,0 Eh 5, L1 36 R ELARIRE, oo
apph@a[tfb(r‘l@ 384 B dABdIPp %ﬂ'l&@%m abl %‘ghﬁdhrd'(g@bﬂlt%ﬁe PFOP&E.t §@h inventive

to the finished article) as wel | ers” required
rubbefrcforrmelaﬂncﬁmramdwarad arl(lcéesgmay: albe possessar dhematad plasheiperwhich aids in
, Sili an | o forma blo
the by A B G P B R R A A g SRy vides
flexuP nRSHSE ﬂrQ &g ‘ﬂo@f@ﬁﬁfsﬂ&i afrﬁél@?é@;fél@ Bs fiflers Tkl bEinforcement
conponent or conponents of the iInventive rubber
(e.g. taleim edrb@iatgoarbon bk, silida addeclays)t Detiehalhye tesPimctddwn (foam

fromthe group consisting of nitri ubber .[such

or SPERgS) Feet Bitiels, aipiEaE Bt FABIRERd N{B fle ventiteformufifon.
styrene- but adi ene rubber (SBR), natural r ubber,
chl oroprene rubber, polychl oroprene rubber, ethylene

propyhdber donloaent @tchilpemnatpsfhy irmpratich eibber fonnolagon and cured
rubber, fluoroel astoner rubber, polyurethan

article G bele OB GElg e HOBOTS EPOTHRPOGEHBY CatHE PHIY geRs serylonitile-
buta(%glgegrrﬂlgger (ﬁtﬁl@ﬁi ?ﬁ%ﬁe—bdt%@gr% ruggé:l (gﬁ Wﬁa%rﬁ ru[)Pngﬁllnl'ogrene

epi chi"orohydrin rdb

rubbérl P&?&hloro@i’éﬂé&uﬁﬁi%ﬂh &le 6Mélﬁlabb¢rb&ﬁy1,ene propylene diene
hy rogenat ed NBR, carboxylated NBR, pol ybut adi ene

mongreEP DMhibbiie ﬂIuDlIOélaS@Tﬁé rulfoylp @§1Y@feth4mb’é1?bwtﬂl rglpper,

halo gfgat&p?)flgrrl Emtbegtsglg oro# ﬁ]iugi)glp e{nid br}or(r)lr Qﬁ&{ ﬁt%l bgljj 1¥5pqgne '

rubb(ﬁf %aﬁlbfﬁﬁldrﬁﬁe'%eptpﬁgfac@fﬁ'f@ﬁﬂ%éﬂ §1116‘131Matt3@ Eﬁlyeﬂhm’ehél debber,
hout Iimtation, nitrile rubber [such

hydrmytledﬁﬂBR; daebdgrutaam MBB, paligpsadienBRpper, and the like.
styrene- but adi ene rubber (SBR), natural rubber,
chl oroprene ribber, polychl oroprene rubber, ethylene

pr d id
( Eg%%l\yk %E)I%fo LERABE m§§ hyd E@ﬁn}&rdqfv’ﬁﬂll 812828 RMBeMMPOIESrder to provide

ber, fl uoroel astoner rubber, polyurethane
mﬂkﬁmbhﬁﬂgﬂbuﬂyhbﬂmhmenoﬂbupybeﬂwbbﬁudlMhmogmnam@dsmuwyhﬂl

inclul GG IS BHPRAR TG DG (58] BHoB SR T i ap Bl (NBR))
styreﬁ@-h%{ﬁﬁfe}ﬁle ?ﬁtg) h@i@f, natGid AlbBALE R HRENELBYLEPSYEMBRBFone rubber,

ydrogenat e
ethylene propylene rubber, ethylene propylene diene monomer (EPDM) rubber,

fluoroelastomer rubber, polyurethane rubber, butyl rubber, butyl rubber, halogenated butyl
rubber [such as chlorobutyl rubber and bromobutyl rubber], isoprene rubber, epichlorohydrin
rubber, polyacrylate rubber, chlorinated polyethylene rubber, hydrogenated NBR,
carboxylated NBR, polybutadiene rubber, and the like.
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car boxyl at ed NBR, pol ybut adi ene rubber, and the I|ike.
WO 2004/ 096901 PCT/ US2004/ 008894 8 Al t hough the
w@e@smenoel of silicone rubber is discouraged w PEN/NS1004008894

inventive formulation, there remains the possibility

of adding certain | ow anounts of such specific

unvul cani zed rubber conponengs w thout adversely

affecting the overall antimcrobial rubber 5

formulation itself. Thus, up to 25% by total weight of

t helifiqightth@pieaehcady sifiCorii tubs A disEdliesd; witineveinyerdthe

vast majority of the rubber fornmulation nust be
formylghors ithgre seveaing Bisaossibititi efaddimgregrtamewrgrmnuaty fsgplespecific
1111w1fcgn1zg<5 }1&%{@}‘ %ogg%odnyeﬁgg rvxlflﬁltgcmg %cf’v%fsségir e}f ggg {heeCOIV%l*rjalllt a Znnlgro%lal rubber
formiilafib S et aTRusChelo 2% by batsl vadisht ckf@hé/f&nelamléﬁ @haamrs@lmc

curing with primarily non-sul fur-based conpounds (such
rubbegshqveesienghe p@qt owj ey of thednlhrer fomydatiin rondt e wonfsgicone rubber.

onent

)
FurthEHATR it 2BTLcPHe FEROHon Tobbe SR e Bt ehe g ARGt of
sulﬁ1f19£§@@%hhh§’ BgeniBf %sﬂh@hﬁ&l@@h%slﬁé@dﬁ@l@}%ﬁd Bls i sehoHilcanized
parts, .and nost preferably from about 70 to about
through) ©u1plag withgfrinariy ao-fyléirdespbemponds Ehds as regins fpenoxides, and/or

unber rts, between abhout 100 and about
metaly s, BRap IR0 A EDo: oA s Doy B Al 2Bt g about 10
to ab@ﬁtt 1' (ﬁ;;arfshﬁtﬁé"é}@i% c&ﬁlg_b%itic;nu hege f)fe?éﬂl‘tﬁg Bl AR ut 90 &Mt 500
of ‘the percentage 15 by parts of the entire
mnmanﬁnnbsImdh@bhﬂhﬂnmb@ﬁ760apbm3é@0@dd$bf&mgnmmahnqgﬁﬁon.Thu&
illers, oils, curin age t he de ed
with éFﬂt?Irﬂ‘{??‘%% o4 park sty ech 3&,9191 indaboy %éb(i@%rﬁt througheutithe target
Vulcalrﬁééﬁ rlgl%cer th ?éj %Eeeﬂbbéif%ﬁ tftl!ﬂt% PfHthA,b%up% %V\Qbou‘g}‘f@% of the percentage
I'm crobi al "agent e I nventive raw rubber
by pafl‘trs rolﬁﬂieadﬂtlw alﬂnale Héle@émangler%ngﬁﬂmmdm\aas Iswelr ashi@ldaeg] oils, curing
nmpounds. Such conpounds, .in_contrast with or?an
agent@ytbégemwﬂggcromal %gea’sSaﬁpthné# blewarprasnisadioe lisk ksligoussed
tability and typically remain within the
]nmﬁfgﬁ%ggﬁka r' "or substrate at different tenperatures.
Thus, such an antimcrobial is nore easily
controlled as di scussed above, for surface rel ease as

debieraimigiobipl age o5 thepryagiize rawyubReLiormplgfipamaybe of any
stand?uld R%I—B%eﬁ%gﬁnéohﬁ/ r z:(lll 9orﬁ ﬁdgqg%gﬂras? let /orrgan%lgfp)e% such as

era exc nge gl-ass, an

trlcloﬁﬁﬂﬁ&{ﬁidﬁ}plﬁio &—‘M%klﬂlflﬁ@heﬂheﬂﬁzﬂfs@ibﬁﬁ? an@typidilly Y&haibasigdn the
i on exchange cong‘unds for this purpose due to the

target mwrmemeﬂubstrﬁte gl ddeienttampoatuaerd Brlkatveban agimidsphipk iy more

casiy oSl I 20F B SHITRGh rent caeT ooy i g dpplode

withdut ﬁﬁﬁﬁ%ﬂ dsﬂvaﬁmﬁs heveasgaq! e1eﬁeﬁﬁaﬁﬁwéf QB %mttpﬁ @@raw fon
such speC| conpounds Thu the antin crobi al

exchangenglazsf amdﬁoszaohmwnp@mdmybﬁexanygraamwrmeabﬁ ampdmrsbased ion
exchatn(getgglglﬁagﬁcgctgd ; oﬁgﬁ%s'g{félg %ﬁ%ﬂ é?\feisvofo &{SCO¥OI‘&U§IIC 5}1'118 anced
durability in the final product provided by such compounds, the efficacy provided to the final
formulation with such a compound, and the ease of manufacture permitted with such specific
compounds. Thus, the antimicrobial agent of this invention may be any type which imparts
the desired log kill rates as previously discussed to Staphylococcus aureus, Klebsiella
pneumoniae, Escherichia coli, and Pseudomonas aeruginosa, as merely representative

organisms. Furthermore, such antimicrobial compounds must be able to withstand elevated
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pneunoni ae, Escherichia coli, and Pseudononas

aerugi nosa, as nerely representative organisns.
wao-enoheonor e, such antim crobial conpounds nusPCESHDI/E8894

to withstand el evated WD 2004/ 096901 PCT/ US2004/ 008894

9 processing tenperatures for successful incorporation

W thin the target non-sul f urg (reS|n for exanple)

S AL RN T L T NS

example) Y8Ed BABEAER RS irsQRi G NAREE subh A% EmicAdtild] Qe Bbinbise,
compounds. Most preferably,” such a conpound is a

preferablyysitvebasmdiningion x:xﬁatnge gb&smdm zgolite pamppifisaMMlgst preferably,

such gm& ggl gquﬂgﬁ %{ g1-c§ ded? t:‘? anl C D g)tggticug%rij does not include
any ad’é%ld%trgélﬁc PASAN ??Wﬁ&@@ﬁer B t%ttp@ﬁnﬁﬁ §f€|ﬁ<§1rs§ oS 10T organic

processi ng at tenperaturés, etc. he preferred

compsindsentolihs etmhosplnere ﬁaﬂmgecmairgralt hlghi tsmaﬂ atmes, Aicor obi al
silver zirconium phosphate available fromMIIiken &
Corrpany under the trade nanme ALPHASAN(r). Such 10

2)9%@&6@51?\/6?‘6%6'& @xdhﬁrﬁgé hERHEING a8 lah ¥ @i crbt9Al silver zirconium

conc ations as we xtures with zinc oxide.

phosphatésavailiflé @oariiltiep&uaapafy, fudemttebiade lﬂnﬁ:lAIL]EHAS%I\B@ Such
silver ion concentratign, A nore preferably from abo

compgunds e avaLlablyog dbfff‘de%%%t’efﬁ%fﬁ%%‘if%“%ﬁ@a 4 asfn%%%ﬁwﬂh zine

1% b

ox1de %ﬁ(’u? di t%l%hﬂtong:;@ﬁﬂﬁ% %Pféorg%gp%ﬁ ’ﬁ)r%(ﬁg gg %1%26{% C%l?élﬁ{ratlon

more E%&a@lyefrorﬁ]ab@ﬁ 3noaBaiti 18P4, ymp hefsepre@atably amounts of about 10% by

si |l ver - cont ai ni solid i norganl c antimcrohials .in Jﬁ
total grpunt |0rﬁve1ﬁppléﬁﬁlt5a(|%@ of tho &rtalarpnt of Eibepr 3Qus|ane grconium phosphate)

f
are pBIE. DD}t bO SRR IRIERe DL A ARERIr eadF il drdbicls in
this if9eA88n Hﬁ%ﬂ&eﬂ%sﬁﬁlﬂﬂ%@lﬂ% avhiQWRUREGr Qinanshivgidenthy tladename
utilized either in addition to or as a substitute for

ZEOMKe®poed sbree@,ubs@pé@d glass availalle @@gg];sbtz@k@ Otase unéry the tradename

ONRITHE. b Lo P15 PSS e

speciéS dﬂ%é&tbl@&ﬁhﬂcﬁ@ﬁ@ aﬁﬁlﬁfﬁlﬁ@hﬂﬁﬁﬁtaﬁ&l MB?I §1B¥¢r-based materials such
such an antim crobial conmpound is added to

as MI&JR(DHBEE@; evaiiabktfram DuRont s wab an I M¥C®r witilalle ftonpJofmson
to 10% by total weight of the particular total nibber
Mathe¥yr rul ation  preferably from about 0.1 to about 5%
nore preferably fromabout 0.1 to about 2% and nost
25 preferably about 2% Furthernore, with regard to
siGarerallyaswdh anrmmganohmhm;vmmdo:ba@edﬁ@ta ewbibgl frmubasion in an
particular antimcr

amouaéot)%?m ParRY-1 §o %%3%{6?@1 %fet?'l %H%Hé]é 9%5%%62@%%0“
prefe%%l;ﬁitrgﬁ]ga%gﬁt oun%w 264 Lioye 1%%%5‘51?%0%{ At 0. 186 b &WEB%; and most

een haf cert in 30" silver-based ion
prefebbhange2onpounds, such as ALPHASAN(r) brand
antim crobials avail abl e
Furthermore, with regard to silver-based inorganic antimicrobial materials, these
particular antimicrobial rubber articles are shown to be particularly suitable for the desired
high levels of efficacy and durability required of such articles. It has been found that certain
silver-based ion exchange compounds, such as ALPHASAN® brand antimicrobials available

from Milliken & Company, (U.S. Patent 5926238, U.S. Patent 5441717, U.S. Patent 5698229

to Toagosei Chemical Industry Inc.), exhibit impressive bio-efficacy. After a period of time,
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fromMIIliken & Conmpany, (U S. Patent 5926238, U.S.

Pat ent 5441717, U.S. Patent 5698229 to Toagosei
w@h@rioeabl | ndustry Inc.), exhibit inpressive PCT/US2004/008894

bi o-efficacy. After a period of tinme, W 2004/096901

PCT/ US2004/ 008894 10 alternative antim crobi al

corrpounds (e.g. triclosan, niycrochek, CBPA

[ ff f
e BRSO SETREPA LA 0 s s
suffe@fnelet&Rp&Mitidhendet Bfeihiieh SlotesdBilz térﬁ?@rﬁﬂuﬁ’@ Wﬂidh it Rstlowed by

surroundi ng environnment and finally through depleted
deplebian béthiediitade thoauighileaghingdniowtbe sursiundimg- %Wﬁpmnﬁmtr?@dufmﬁﬂy

d/ 5 [ i. d
T T
zeoht@ gzgﬁfp%uﬁdgﬁobﬂ&t suﬁ'ér%bntl HRE El*?ér’e&%&u%sa Bjukch %ﬁtlﬂlﬁ@&@l@gcnts exhibit

do not leach into the environment and provide
high &u@&tmm’em&lbﬂﬂy@ﬂﬂ()@"@)f do het kahmlgmdyﬁha wnmrcmmem andl provide

ovide for the desired extensive ihi% . &0 The
SubstRHA ATOVBIS A 1Al EPBBIHIC BHYGr eI 1%% p dpralmigsised giensive
durab\@}?tgyeptable log kill rate after 24 hours for
phyl ococcus aureus when tested in accordance with
the ATCC Test Method 6538 and for Klebsiella
pneunoni ae when tested . in accordance w

ith AT T
Mektsogventys antigiggpbialprielersioal] exhikit e ac}celgtAb %&Pg }%i rate after 24
f
hour sot%ig'?aﬁc ¥f(j)coc%£ls gureﬁ.sg\[}vﬁéeif tegtredKn a%?&gﬁg?{wgﬁ tﬁ’ef AE‘EC T@S@Meithod

ease over bas re resen by the contro
6538 ANl ifeH Krephkiad plféu%nfauh’vﬂwh tedtéd ml ®porddfceAvitteANAI] Vest ethod
an acceptable level will exist if the log kill rateis

4352gSeel en aedeniabletievdl dg Ikl irpte isieated forS. qureis Pe &t Breyrongae of at
least Qﬁ‘t 1F18r|egsge cltvgﬁ%%ag e g%gb%e%%é)yQ}lg corﬁldqq %Hﬁm{c%‘o% free rubber article).

e 1 ncreas
Alter¥i®fel %ﬁ%&é@ptabi’é‘l%%ﬂvﬁﬂ%@is@if’tﬁé WU k£an Zeger than the 10 g kill rate
non-si'licone rubber article) referably, these |og

for néai-treated ies. bmsselid irorganie @@tgels:rqhmal aéﬂed)efa@ier @rtm%r(al@ ag about 0.5

o SRR iR cRBBTRA Aol s it

Pre_‘fehf"o%3 ehdsk & Mill rg@ b@%n@%reé%é@ﬁr% ekt ¢ Hese0.8! ®RsdecBvéidor S.
.0, respectively. course, the high end of such |og

aurezlm drld K. atresmaniee;miaie pmfgﬂab}y thbmerlog kil tatesald Hi8 andA.% kespectively;

and Ty R aPY Therg e bF g dietesperciveh 3760 efieh end of suchlog
kill rﬂgy‘ﬁ%%uchl kﬁghelf el th& z?s%hﬁ\@ 'oﬁhh@h%gﬁﬁ%@f%% (99, 9'99%31@[1 rate). Any

al'so ac tabl e tRis 'nvention as |long as
Iaw1ﬁ&@hwmﬁa§ﬂmenﬁnbmsanmcﬁﬁﬂﬂeasuMEn that recorded for
correl ated non- treated rubber articles. In such an
I nst ance, the antimcrobial material present within

t hl—eIowée i V&?l#a't%lvﬁ% ﬁlfé alle% Lt nBbdosy ﬁe%ls@%%@f{:b‘%@olé Bor this

mcro rm)r such rub arti

inver&id@ws dorgx 4y dath nleagirdthérts n@ttetienthat tet seorled éoyr eeretaded non-
ot her types of bacteria, such as, Pseudonpbnas
treateseubberriskelos nd SEeLHEIR@Rse, thepntimicrobial material present within the

rubber article at least exhibits a hindrance to microbe growth. Furthermore, such rubber
articles should exhibit log kill rates of the same degree for other types of bacteria, such as,

Pseudomonas aeruginosa and Escherichia coli.

Of great surprise within this invention is the ability for the finished inventive articles

to provide antifungal benefits as well as antibacterial characteristics. Such versatility is rare
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30 O great surprise within this invention is the

ability for the finished inventive articles to
w@eaniogiworant i fungal benefits as well as anti baPCBEUSZ04/008894

characteristics. Such versatility is rare WO

2004/ 096901 PCT/ US2004/ 008894 11 anong anti bacteri al

conpounds; however, without jintending to be limted to

T T A e T
scient®ic lthlggry, Albh &kEthaiht 8ider i ShsghRBHarAOUAUIAMNERilvET IO fi@sent at the

excel I ent antifungal properties. Thus, another
articlestrfde megeatobunddnse,imoede eveellentvéifuree} properticpnThus, another

o 2 M58 B Bk i o 0
i ighki¥m§ Q¢ 450 5i00f afRGkibly foe nueivh@s of fungi

Sequeﬁg%gag?ﬁiijg&ﬁ?ﬂgg %I#MREI'CCA?ZQ%%EH%% I od;?}t%clesy variotii o e

includi©EsAB 502 nigad ATTHC 624 Euaelonycens ATEG E4585Whend

tested in acc ce.wth Test Method I 84 I
Trichegaran s A ML R, GPERBIoah PP DS S o ol 150 §46. Tn
orderﬁ%fo@%g%%ﬁ% O eBgfaﬁ?tﬂ%%%@éﬁfﬁ?bfthéﬁcompoundg rmay be

orp target pre-vul cani zed rubb '
incorjp et hathimthe(taget (Relvabguizad rebber Hine)latiod arslusshseggent ardcle),
oxi de, as one exanple. O great inportance to the
such @F 7RG OXiferfE $8° 6X2PE | nventive articles in terns of
antim crobial and antifungal activity is the om ssion
of del eterious anbunts of sul fur-based curing agents,
aquRrestain@baancane thetdictii vas syl thbidventiesirtivles in( suohohs
~bariumsulfate filler) 15 fromthe rubber article.
antimacrpliel aisoansifungel ediviELs e emissien HolrlePHS ARG QG spHur-based
._bound to an S | §4..6 ' LE LG . r
cunf 34005 Gy ors RS LTS AP b SIAIR0 L bR
from ARGubb 8N @E. SAPhyteBiabeke, ithe belidveerwitlons intaslisg tovierbound to any
sulfides, for exanple) within the rubber conposition.
specifina¢iontifir thperyethit sidfur reapls veithethe proferedsglyet-hnged gpiigpgrobials and
. sul fi.de etc., .are ineffecti,ve.as [
o b S i ST DR SO Al Wi B Rloter
comp®ShioHiafd/ Pkl eVitseFaQlsiseh, tHOreltlusy silder baSidBE @R, are ineffective as
necessary to produce a vul canized rubber article =
antinliarokiahggeatsyandphwiepicsdice rendersithe fingl pseducy pntimicrohyally inactive.
agents and accel erat.ors therein, shoul e -
Ths 3R s ArEeE S ARtS PRECKSH RCHhBRbsir e s any appreciabie
L B BB denBMRHBECdI & afgs RERSENE shdld B@Gpie@hted that the term
amo@gﬁgéditlﬁaltlﬁﬁ%séeg nol a? rgti o, a 1: 1sr atio ?%Iﬁg above)
“appieetaieamantl’ Tpermito b amafresente terpessnt. viehasisieafound that, as a
presence results in._a clear. ] oss, of antimcrqbial
molabEPyF T TS R DREDFELT T8 TRt B 16 A 20r moler presence
resulfih 'a%:leea{ 1689 om%ﬁ? obi A LERES wilth ke AAREDLRin®te $hlc¥@Eed article.
in‘relation to sulfur provide at |east sone
Howéhtk) gresteiohoit amowpenf siber froreldtiende silfiegravidé ef least soome

I eTODEOBTDETc: R B Fed oo AR BRI Qfigh gont 0251 to
abouJL 8.6660@66F:Qt0§18111?ur t§ BB b B Y Uk 1AGk acceptable. The primary curing
agent, however, must be of non-sulfur nature (and is preferably, though not necessarily, a
resin-based compound) in order to provide the desired antimicrobial activity for the subject
rubber. Furthermore, the primary curing agent may be already incorporated into the

unvulcanized rubber during the manufacturing process.
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agent, however, nust be of non-sulfiir nature (and is

preferably, though not necessarily, a resin-based
w@eovpowd) in order to provide the desired PCT/US2004/008894

antimcrobial activity for the subject 30 rubber

Furthernore, the primary curing agent may be al ready

i ncorporated into the unvuI nlzed rubber during the

et e NG saaﬂ HiPRERR springiongtber
previdlRKE sREENdidctdnt ?}%@ of Sliringd geafis 2dt WwalklPhtiliA¢aRea suitable

previously, such a different type of ‘curing agent is
vulcaniabtiou (d?dadlyst titri tubberdomas nember dfatrdsens. v Bpisawisk at¢loenring agents are

cataly f.or. a nunber SQ For
muchgpyIl ceﬂi {h@n slgR SRE Surg o Hﬁraéﬁé%%eﬁﬁ?} SftRaioied St gsins
and tfR4ieUhs D dﬁgﬁrﬁbf thg @mﬁnhbla%e& E@mﬂ@ﬂlﬂd's hatd Qébn‘%fath%fiﬁﬁuted to
resins, a replacenent for the
mostl§ uﬂfcune-bmé dulshenpa aidte Iwawéeehxe aonfaatibanterial mitibed attisles.
nostly silicaone-based rybbers or, e ver | east
Howeygh-diatq hacrdiras affseﬁa@ﬁ Vg oo 1%&;@0‘&W ?‘Sbmpounds
are re&ﬂgd %tﬂkéktﬁ[ﬁsb?séé Qb f%\isnw Ellﬂerﬂﬁk}emc%&ﬁ'sﬁifuﬁgis'e& lchped articles
suc oun feacted with sul fur-based
was t€ péﬂnﬁllgu@lg@nbﬁ pf aicﬂmffeatﬁva/mlrmoro@m hompbinds-vidse dave anéd
articles was to permt wutilization of suych fecti
vuloanresl FRBPBIT HnecHB SIS WL FHest. anfis 20w ek anrsulf-based
rubber f s ,
compliPeihs Ao RGP b A A hlcont Pifief A B S Rrouring
agenth) tdtﬂizét@& o dublh Buriieageais-wisl Hecemaryito gresideyarpaffective, ultlmate
vul cani zati on curing, agents, utilization of such
antimierpbialvilermizes riblergeltdssary to provi de an effecti ve,
ultimate antimcrobial vulcanized rubber article. 15
Additionally, the curing of certain non-silicone

I UDBBESnall§UEB casn P drtadisbr-§ilicordatibeay, isu€isas butyl and its
chlorobutyi and bronobutyl, is generally difficult

derivatiitels chloranitd end dswuoiyl; m@en@rygy érfcw} with peryxésg-brsed curing

tend to depol ri.ze.t hese
systelf BB h AP Lo G0 G B G Batohe P ATatgryagge method of
curing %ﬁiﬁb\éﬁ&d 1% MriBLTRSE Vithassa bassd dEng ¥$tens . S&asexamples of
l'es of resin-based curing systens includes
resin{pasmiodurihg sysérdemetisles plaines fdremaldehydeaasing hevingt depiiepyacthylene

R L SR S T

polyrﬁéfg rﬁu@ﬁ 2£ 018K fhrn%n qhes-gl%§ﬁ HaS&H i ?%?Qerﬁb‘ BhdWle Si¢Sis€BBsilver-
ab e us I'l ver- -based antimcrobials in
basemﬂﬂﬁﬁlbfdbmmm rroumkﬂmhewcmp rehleks, asch dspfor exampleein hutyloubldr (IR —
rubber (IIR - opr ene |sobut%lene r ubber.

isopreei ISPRIHBRLTUbbfids VR BRI S ASH S UY PHTGE SRRt mpebe used in
both g%gl? Iaf(lch?orp BB RLAGH; B BBG: #:pﬁg jon®. rhna'nlkl)(‘)r%@ @cﬁé‘e@fﬂlefn black

ions, and nore speci 25 and
andﬁ@@ﬂﬂ&&ﬁﬁ&ﬂbﬂ@ﬁkapphbﬁbnappl|cat|ons Surprisingly, it
has now been found that the inventive rubber articles

| i sted above are

Surprisingly, it has now been found that the inventive rubber articles listed above are
available without such sulfur-based curing agents in any appreciable amounts; most
importantly, with the introduction of certain additives, the structural integrity and/or flexural
modulus of the rubber formulation is improved to an acceptable level, and the efficacy of the

antimicrobial components can be controlled simultaneously.
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WO ndogoghieet i on of certain additives, the structRCHIUS2004/008894
integrity and/or flexural 30 nodulus of the rubber
formulation is inproved to an acceptable [ evel, and
the efficacy of the antim grobial conponents can be

controll ed.si I e . .
o bl i A BEES i YO RR I baion s e iz
form \Md iR éhtive articimivbiieat 1420t Ahlhpitg Ant prdferavlyl f dakzaddut P5% by -

formthe inventive article nust be at | east a
weiglntejf @mon;sulfalhblassd ShERBgant. afs HisgeschyPnye, W@h@wl sulfur and sulfur-

t of.,a.non;su r -bas cyri.n
vasedtfudits B So08ESTHLE R ERETe Elv R Bhuitflhns gty ghonica
reactioftt BEWES th¥shifun@bm¥yan K the dididd1 e dniveNHow ver, non-sulfur-based
antim crobial fornulations due to chemical 5 reactions

catalyséyt, swedurnst foe exarhplar ar@t\mﬁm@ ndeltdm@ foi bsen glamitedyto neﬁm Cul’lng systems,
non- utfur b stsltsuch %% ¢
provig AfeH e G f (RO SR AU SO HIPHET Stk oHidne ceen
houlrd%'ﬁ?es%ﬂtr i AEhNBE £ABm abBiQYS Bt €00 e pfe&e' hiA@el Rhrts of rubber
he "I nventive raw rubber fornulations. Such a curing
(pplna,ganﬂ;e prsfhmhlydfrdrra apowsletotabont Samm]m,t andfmést praferisblytfr@n Bbout 1 to
t o about O parts per hund art
sboui GRity, AlhGre" Br et e EFH G an B e Cgnabyt: SomggHber of

mﬁh@ﬁﬁygaﬁﬂkﬂﬁﬁég%gﬁéy fromabout 1 to 10 about 10 pphr,

er a ne curing agent alone, or as the
conbi natl on of any nunber of different types of

curing ents. Qther additives present w 1 he .
| 0B RS DR BhiA B Pl e e rither ala“érealﬁezy include any

of th® %fgi‘f.{}ﬁ n‘ﬁ%%c?ﬁﬁl%f 10?1@@]%215:6‘ Jo\ﬁf‘rBl eimﬂﬂl\re@l FedelEr a@&@tefceclzlera‘:clog activators,

Ives, accelerators, accelerator activators

antid8gthd GRY efkaRtss abiasit t€ elosantq lﬂlaﬁﬁlwteﬁlantsphmagﬁxmmg heems,
retardants, honogeni zi gents, internal |ubri }
interng dubaisaier i dsodgaeh. %‘E%*ﬁ@ﬁ@ﬁﬂ@lt% shsupld %Iéreﬁ?f’éslé At eI, rather low

f f b
amor, i el g 250 A sp B 32 rom sbout & Lt

substantial increase in the antibacterial and 20

antifangal efficacy may be provided upon mashlgg,the_
f il h@ﬂw@l@hﬁﬁhﬁ@nppv@mwﬁbﬂl@t a sbstagtislgneresss 18 dherapdibagprial and

antlfwrgglg%%rrtg%f %esprguéi ? &pg}ﬁ %Elﬁl&é gqeqcmﬁl%aiﬁvenﬂvg gﬁﬁle Abrading

the sﬁk@él&%‘b@%ucﬂ Bt dlﬁﬂ%ﬂl@ﬂit' iRgrefies FRJUCA lcﬁarﬁbtbﬂﬁ[cs due to an
products (mats, 3] the |ike) may provide inproved

mcreamlnmgﬂm]masd hoarnV¢rf indysttial lewnglering bf cmlyntblbplopr@ﬁucﬁs (mats, and
hi n I.Ln f.act

the 13 0ReT PV g it AR S o f T CaaEq g ple
W&Sh‘ﬂ%S NE%ac Ltg@h Lh ﬁ{cr@dsé H’Bl %’fea@ﬂﬂ} {rprBve Rfthickda®dr numbers of consistent

cani ze exhi b | ower overall antibacteri al
Washam shcﬁrthatfaa'n‘gladr aetnxﬂa: \mstﬁysttviuh:anmn@ mztymxhﬁ:a’slomge pvwa]g}, la,e’@bactenal

t hree, and o at mes
ond o il e i e ong iﬂ@%ﬁ%ﬁ%%gh?ﬁ ok thfeﬁf Angifipfogt least 20
'[ln’le§a{1 Rita8h0E iRERETH }otﬁhﬁﬁfﬂ@ Iﬁachme). Such a surprising benefit may permit

utilization of such rubber articles as floor coverings (mats, as one example, such as those with
carpeted portions or those which are rubber alone; particularly foamed rubber mats for
antifatigue properties and reduced specific gravity so as to reduce the chances of machinery
damage during such industrial rotary launderings and dryings), and other articles which can

be easily washed within standard laundry machines.
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foamed rubber mats for 30 antifatigue properties and

reduced specific gravity so as to reduce the chances

of nachinery damage duri ng pych i ndustrial rotary

ol DHERHDRS AR RUKG R, 52 Bl bR LB AERL Gfoe can
remo#@ Qéﬂy@ﬁ@ﬂﬂ&y&%f %3@@&61@@&‘3%016%&%3 th&%bj?fpé@mttﬁ% “fresh” silver-

al l uded to above, friction with the subject rubber
COInmrS@ngcﬁr@st%lhtersaté@lecsarfacer terpstas desirgd i @I th@}h anmlwb,qn@l gtd/or antifungal

rtlcle surface n
capabif o dfosl GITVERE B sPrrefioR HER B3 kbl qupper
formbiRtiak xi@bitdastreRdidRriNeby an%ﬁhd:ﬂ@@ﬁl Birtidles 8RENEHout the entire rubber
antifungal capacities. Basically, then, the inventive

artlclar Suelt an prepdlignstsion @fmht: F@@CIdelrwgh@t thavubbptrsticls thus provides a

resery iy B Pt Pobirille i Bieild BETiClbun A lavers gt rubber are

womaarntil BlRled PG ﬁ a%ﬁnﬁ&%&aﬂb&ﬁ@l% b&ﬁalﬁfngtﬁeapeb@ Gil ¥k ions become
t hroughout the rubber article thus provides a

availeldser voi r of fresh crystallites containing the
bi ocidal netallic ion. As l|layers of the rubber are
morn and abraded away, antim crobial particles
@¢1@¥ YA YL APRLE ity Qﬂhcleg A3 tﬂ?@ﬁl‘?gﬁlona%%a{lﬁﬁé €he afimicrobial
erred resin cured rubber articles of thrs
agen’t mémtprmmminh‘a)l mbbey artfidesawhichiexhibbieadelleagariimicabidd gualities as
processe rticles which exhibjt cel | ent

well G4m0 EFBis g%fo ca%f?k&%@er%é@% the et 2SR 1R RS D ImpIES Of other
such gﬁﬂei: Fﬁgf‘éﬁ Q%lt%ﬂ% Hﬁ%ﬁﬁol@frfc}tﬁile €kt ard ﬁ@ctlhﬁﬁ‘?ed to, hard

es O suc ber articles enconpasse

rubbi rhdits Jstdifel chsmavlel rhter iac! wate fatigué nédiber mats, fubbedt mdtstvﬂnch
hard 15 rubber nats, statlc di ssi patjve r ubber mat s,

inclugp ¢ ffacefibier fabbeg bipk maimirabber seabeandrassketoamoher madiqal,geods, rubber
glovésaﬁ%bgll Igg(ilc rcfé@ﬁgg glﬂBl{EF cg@x}e 01 lge"ftlg Bbéreo%:l@ aﬁl&]glbbe heels used in
gas ets, ber I'ca S, T ubber Fbber

oves

food PesteSsad g, G@Heﬁ elthihg tieter @Iim% eyibbert@btss rubibebim@fngb @ﬂld fibber
and rubber wheels used in food processing, rubber
autorgpigteniuglhoseu bbiesh iysdiye fergnthationy a@bfsalsolrhma@qrp?@tﬂdngto a

mult egfd ! Ubf))l? Lljctr]igglo \tg#ng 6 feue%tlﬁ%%%glsall g% dg?ﬁ Y 1@8@%&’[% into any
surfabd!lakéd AMQHEADroHEb ee EELECArRinkiBrobhil eHididiRy: ant i mi crobi al
agent can be incorporated into any surface |ayer and

still prOV|de the desired antimcrobial efficiency. O

terest i.s the f t.ion_ of | ti.l.ayered.
bt pfsE e Gomelon LTI GRel P DY A By BpERin ot teast
one df%ﬁﬁ{ ﬁlbﬁé’ihh?éﬁ SxtlibRs @R dksifd a%ﬁhhé‘fb&rapﬁﬂtﬁflltP/%ﬁH tMistiy nARE from an
hus is made froman 25 inventive non-silicone
1nverrt1)/b men-sdmohaiutibey cantbinggertiGe.c Budhalppered adictds ahaysbawaihered
togetggr tﬁ%‘?@fl %g-vulcanization, gluing, and the like. Furthermore, layers of other types of
materials may be placed between rubber layers as well to provide, as one non-limiting

property, better structural stability to the desired multilayered article.

The non-limiting, preferred embodiments of these rubber formulations and articles are

discussed in greater detail below.
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t oget her through co-vul cani zation, gluing, and the
like. Furthernore, |ayers of other types of nmaterials
woreop4loesopl aced bet ween rubber |ayers as wel | tBCT/US2004/008894
provi de, as one non-limting property, better
structural stability to the desired nultil ayered
article. 30 The non-limtings preferred enbodi nents of

t hese rubber rrrulatl di d
in greater de]:) °F“‘6‘°P ?%ﬁl%rgﬁlgﬁgll(}}g@g%dfﬁ{eﬁts | SEHsse
TnvenB%d RES2004PP883atickk Description of the Preferred

Enbodi nents | nventive Raw Rubber Fornul ati ons
(1 NVENTI VE) RUBBER BASE FORMULATION 1 5 Conponent

Sunggm) 1@%@@%%&%%@*@%@A car %%og} ack

Comﬁdn mer) 30 pphr M stron Vapour (rmagnesium sili gai®nt
Polyc Ele WRPRBM Dionbsodecyl  pht hal @4 farts

y g% | A 15 pphr 10 A 4
FEF ¢ g %ﬁtto ? &ah flé)rgl N?/%) esspgl d fro §J)Hf§1u5
Mistrpp &j2R0Y] Sl‘?m W Eﬁ O&ﬁ% tive (availa gphr
Di- 15‘1’4‘?619131 lasg@%%{rq vai | abI e fro E\le%
Aﬂmszbmntaemmﬁi tetragipannte pracPrshRionRR2oDEhemih M £ IPPRe

Zinc Qx{enaive)a2iteble fven Glayerl5 (| NVENTI VE) RUBBER BADEIr |
StearfcORMWIARIIENe ZronCakpanent  Amount  Natural Rubber 1 pphr

AntirchiePRRYGRT PHNR ASNER 0BG Gord Biibaichs Odagpagne W Budibeweight
10 parts SP 1045 (curing resin from Schenect ady
Chem cal s) 10 pphr 20 Zinc Oxide Active 5 pphr
Steari ¢ ACINVENFIVE) RUBBERBASEaFORMPHAIAN L RC2000
fromMIIliken & Conmpany) 2% by wei ght (I NVENTI VE)

CompayspER BASE FORMULATI ON 3 25 Conponent Amount ot
NaturaliBbbber (SMIRGY 64 698 $ipwringionthen) 90 parts NeopP &Ads w
Neopretleb®Rubbepart s 10 parts

SP 1045 (curing resin from Schenectady Chemicals) 10 pphr

Zinc Oxide Active 5 pphr
Stearic Acid 1 pphr
Antimicrobial (ALPHASAN® RC2000 from Milliken & Company) 2% by weight

(INVENTIVE) RUBBER BASE FORMULATION 3

Component Amount
EPDM Rubber (Dutral 4038 from Enichem) 90 parts
Neoprene W Rubber 10 parts
SP 1045 15 pphr
Mistron Vapour 30 pphr
Zinc Oxide Active 5 pphr

Stearic Acid 1 pphr

Antimicrobial (ALPHASAN® RC2000 from Milliken & Company) 2% by weight

(INVENTIVE) RUBBER BASE FORMULATION 4

Component Amount
Nitrile Butadiene Rubber (Breon N36C80 from Zeon Chemicals) 90 parts
Neoprene W Rubber 10 parts
SP 1045 10 pphr
Zinc Oxide Active 5 pphr
Stearic Acid 1 pphr

Antimicrobial (ALPHASAN® RC2000 from Milliken & Company) 2% by weight
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SP 1045 15 pphr M stron Vapour 30 pphr 30 Zinc Oxide
Active 5 pphr Stearic Acid 1 pphr Antim crobial

W@ 200RI088AN(r) RC2000 from M I |i ken & Conpany) PO/D$2004/008894
wei ght (1 NVENTI VE) RUBBER BASE FORMULATI ON 4 35
Conponent Anobunt Nitrile Butadi ene Rubber (Breon
N36C80 from Zeon Chem cal s) 180 parts Neoprene W

Rubb 10 j [ [ 5

ophr a0 SV ERTAYE) KURRER BRSE rokMyPR oSt v@
ComfodeHASAN(T) RC2000 from M1 1iken & Conpany) 2%kjount
Styre¥EBARAHORZBB4/ QBRI Rk E%Q%? 008894 16 90 parts

RUBBER BASE FORMULATI ON 5 Conponen
IS\TISolp unt tyrene But adi ene Rubber (SBR 1502 fron%Oparlfi
i 90 parts Neoprene W Rubber 10 parts 5 %EP

: che

Zmnc { éﬁﬁgvﬁphr Zinc Oxide Active 5 pphr Stearic> RRFd 1

Stearisph#id Anti mi crobi al (ALPHASAN(r) RC2000 from M | PPRen

AntingicObigd §AY.P H265 QY VRC 0 ficgn MiNKENT: VBmpRUBBER BAREY weight
FORMULATI ON 6 Conponent Anount Bronobutyl Rubber

B b | 2244 f
T

Comgi |yt 7 pphr  Zinc Oxide Active 5 pphr Stearic Agifnd

Bromobutyl Rubber (Bromobutyl 2244 from Exxon) 100 parts
FEF N550 Black A 50 pphr

SP 1045 \ ' ‘ 10 pphr
Brisopar 300 (paraffinic oil) 7 pphr

Zinc Oxide Active 5 pphr
Stearic Acid 1 pphr

A/O 2246 (antioxidant) 1 pphr
Antimicrobial (ALPHASAN® RC2000 from Milliken & Company) 2% by weight

(INVENTIVE) RUBBER BASE FORMULATION 7

Component Amount
Bromobutyl Rubber (Bromobutyl 2244 from Exxon) 90 parts
Chloroprene Rubber 10 parts

FEF N550 Black 20 pphr
Mistron Vapour 20 pphr

SP 1045 10 pphr

Zinc Oxide Active 5 pphr
Antimicrobial (ALPHASAN® RC2000 from Milliken & Company) 5% by weight

These inventive raw rubber formulations were created using ALPHASAN® RC2000
(available from Milliken & Company), a silver ion-exchange zirconium phosphate salt,
exhibiting 10% Ag+ concentration and including AgyNa,H,Zr,(PO4)3, where x+y+z=1, as
other components (% by weight).

The compounding of ingredients within each formulation can be carried out in an

open mill, an internal mixer, or an extruder where intensive mixing within the polymer matrix

of each component will take place. During the mixing operation, the control of temperature
rise, due to high shear incorporation of the ingredients, is crucial to ensure that pre-

vulcanization (scorch) does not take place during processing. Generally, a maximum
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(ALPHASAN(r) RC2000 from M I 1li ken & Conpany) 2% by
waweiogleo20 (| NVENTI VE) RUBBER BASE FORMULATI ONP@T/US2004/008894

Conponent Anount Bronpbutyl Rubber (Bronmobutyl 2244

from Exxon) 90 parts Chl oroprene Rubber 10 parts 25

FEF N550 Bl ack 20 pphr M stiyon Vapour 20 pphr SP

1045 par. _Zinc, Oxi.d cli Lal ...
o b5 AP 1B e BB ] Rl AT B e, T
comp¥ehd3tan 3@ ﬂﬁﬁ&%xéd&yﬁﬂhﬁéﬁn[ﬁﬁ\g I i flcoforilb & AlRRG aduggte

created using ALPHASAN(r) RC2000 (available from,
preseMﬁtlblil kemguoyrarginto prodidts dihis eonlehe erdengiering rexsmHpighn

osphate salt, . exhihi.ting 10% Ag+ concentrat.i-on
exenn AP i 7 Xty o i Ao A A RACEY SRUES A blanics
conmponents (% by weight). 35 The conpounding of

ingredients within each fornulation can be carried out

i Chenvul@pematim bf theanmipnemisah baiixéhe fomr ofmodding (regpression,

TR FE R i A
air), %ﬁg{ggﬁ n"rfhé DRl SR (cRE) t]tpﬁ'ggﬁ]%ﬁ?rtsyéﬁdr_aﬁéegﬁ@mdl%wC ® 250°C. In

shéar 1 ncorporation © e ingredients, is
this spédifié sikuationeihs witthet hdiclep rerdélandardrinabiiginmassorcairys and then

~does not take place during processing. Cenerally, a
subjepigst i IEr Z004NYo6Yeh (PS04 PoesEss 17

tenperature of 120C is reached on single stage (pass)

m xi ng through an internal m xer. The conpounds can
TestiR€of Vlilch@kePRABBGYcIREt er mi xing into specific forms

to allow adequate presentation for nmanufacturing into

pridufetiewimpnTablesdist thetselversiletinge paighictesint %qﬁwzfjfﬁndganﬁﬁmgal
. grapul at.ion/.pell etization rLp form fabrication and
actry 8?"3‘??% lﬁﬁerftﬁ’teoang68%1?%19@"63%%%%1%&bI anks. 5 The | "

vul cani zation of the conpounds can be in the form of
nol di ng (conpressi on, . ' _ ) .
Table 1 illustrates silver-ion extraction (or, silver elution) results from the inventive

rubber articles. The rubber articles were immersed in an aqueous salt extraction solution
(sodium phosphate) for 24 hours; the extract was then analyzed by inductively coupled

plasma measurements for a measurement of available silver removed from the article surface.

EXPERIMENTAL TABLE 1
Available Surface Silver Ions of Inventive Rubber Articles
Available Ag+ ions

Sample ID Rubber ID (ppb/cm?)
Rubber Formulation 1 Polychloroprene 0.103
Rubber Formulation 2 Natural rubber 0.001
Rubber Formulation 3 EPDM 0.128
Rubber Formulation 4 Nitrile butadiene 0.056
Rubber Formulation 5 Styrene butadiene 0.028
Rubber Formulation 6 Bromobutyl 0.329
Rubber Formulation 7 Bromobutyl 0.196 (after 20 washes)

Thus, the inventive articles exhibited controlled release of silver ions. Accordingly,
it is believed that the silver elution results shown above provide highly desirable long-term

antimicrobial characteristics within the cured rubber article.
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UHF[ wher e perm ssi bl e], autoclave and hot air), and
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range from 150C to 250C. In this specific situation,

the rubber articles were cal endared into rough nat
structures and then 10 subjgcted to vul cani zation

I pres
SRRl BRSSP BLESEI 1 cTBLE s

Stapﬁﬂ&o&d’ds\tﬁﬁﬂe@| andli rCC aJéEtl M@lﬁb@ U3 sl fr®ibbsidIs, r@ﬂﬂzomae The
anti fun activity of these inventive an

antlﬁmﬁb@stag P sprodsO 545 abprtii igsr ngtesspione AT 0275
ver |o resltsfromthe
The “ﬁ?}gﬁ Con 101 &]a%%rg?teg}‘]’%lp%ﬁgg leflﬁlé’ @ articles were
|nnersed i n an aqueous salt extraction solution
(sodi um phosphate) for 24 hours; the extract was then
anal yzed by i nductEXEERIDBURTAL TABIdHA neasurenents

Ay AR R anee S Bk A R e S b SR g Sus and

Surface Silver lons qfjchaMeEntigoRMeber Articles
Avai | abl e Ag+ ions Sanple T'D Rubber ID (ppb/cnk) 25

Rubber Formul ati on 1 Pol ychl or opr érgkill. rédBtioRybbaternal control
Samgtetul ati on 2 NatRubder fibber 0.001 RSbheeusor mil ptéomoniae

Rubbdr ERMIQick2B  RubbglycHiobprnat i on 4 Nippul e but adijgne
RubbBr PGl fHiPer Fornyg;?at n@bep Styrene bgigdi ene 0.028 30
RubbE}‘P ﬁxflul oTancy il ati OEP]SNEr omobut yl 0. 329, Rybber §11

Lon 7 Br 196 (after washes

Rubb?ﬁﬁgnmﬁﬁtéoq hvent |Q§g l{\ 19E exhi bi te% ontrol | &g2

RubbepFermatatign 3 | ver SHEHS bulsdiene di ngly, ¥% is bel PéVed

RubbepBermuletiaf ¢ ver eBiomabwirlesul ts shown3&Fove provilde

MaxihiughLyg #@Bi r abl e |1 ong-term 35 anti m cBdBi al 3.11
characteristics within the cured rubber article. WO
2004/ 096901 PCT/ US2004/ 008894 .18 Anti ni crobi al

ef Fiusaldy ipngeaitiye &w@@%mgld@@@@@g@ VivseHgefl BbBer artiples that
exhlb%ea @ﬁ%ﬂ'cﬁ/%g %ﬁfﬁ%m@%ﬁﬁ%ﬁ%%ﬂ%&-{% a?r?e fo%ﬁﬂﬂgnsﬁﬁﬁm{t %By

antimicrobial compounds present. Specifically, the polychloroprene, EPDM, and bromobutyl

articles reached maximum log kill reduction for K. pneumoniae.

Efficacy against fungi was assessed using ISO Method 846 against Aspergillus niger
in accordance with ATCC 6275. Samples were placed on Mineral Salts Agar (MSA) and
inoculated with 10 droplets (10ul each, 100ul total) of 10E5 fungal spores/ml in a synthetic
nutrient medium followed by incubation for 35 days at 30°C and >90% relative humidity.

Efficacy was measured by visual observation of the samples according to the following scale:

Observed Growth in Applied Droplets Category
Droplets have dark growth, many spores A
Droplets have light growth, few/no spores B
Droplets have no growth or scarce growth C

The results in Table 3 show the number of droplets that match A, B, and C. For example,

results such as (3,5,2) illustrate better antifungal performance than results such as (9,1,0).
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EXPERI MENTAL TABLE 2 Anti m crobi al Performance of

I nventive Rubber Articles for Staphyl ococcus aureus

and Klebsiella pneunoniae |lpg kill reduction vs.

i nternal control D S. aureus K

pneunoni ae Rubber %P w |or%h§\alkgﬁil£7L rl%l oroprene 2.04

3. 11 Rubber4/kgunigal %ﬁbﬁhzcﬁzc%fﬂfvahtzﬁedb%l’er Qrifes- 1. 27

Rubber Formul ation 3 EPDM 2. 89 3.11 Rubber

Formulation 4 Nitrile butadiene 2.89 1.92 15 Rubber

Formul ati on 5 Styrene but adi ene Fuggal Grawth AfientePays
Exanfge mul ati on 6 Br oRobryD 3.07 3.10 Mak@nmum L2g Dill 35
Rubbr Fermduldflonl DUS, tP@lyd:Hlb’ tdnée foopmud avjogrss pogyi@ed 0,0,10

RubHePFSHﬁlhl\iﬁoﬁ’Q” Camm rdl -arti 9'0@@ tbato 2Qooo 1ooo
Rubb%?é L ﬁlﬁﬁio grprove i mcrobi aI tof |4t o?/gfr6(g e %

Rubbr? gﬂ‘lﬁa CI f| c %#ﬁdégl% ycﬁ 3 2 %%;g)oun 0,0
Rubbg:pg%@&l@ ‘Pn artlc |II%“ 0,0,0

Rubheg foenilehor 6r K. mmhwlae Effp@éz:yoé)glél nst:Glhgi 7,03
vvas assessed using | SO Met hod 846 agai nst Aspergillus

th CC 75. S
B 25 SR S TS B SRR R
1nh1b‘[‘ﬁﬁghfug1gal%9\mhe&%r ﬁé@ﬂbos‘%@@ﬁen&fp OHe shtpfs)exBibitd®B8% inhibition of

fungal “spores/m in a synthetic nutrient nmedium
growttobftoviddiayy, 43hcmbitifianof growBbafttayd days, 30C22%dnk®den of growth
relative humdity. Efficacy was neasured by vi sual
after ggslayat i on of the sanples according to the fol |l ow ng
scal e: 30 Cbserved Gowth in Applied Droplets Category
Dropl ets have dark growh, nmany spores A Droplets
haMevihg dbécriped vbtehnvefne\bh mtod&'pld) ries dBvidis dipdt ehs sltiﬁvdaimtthe art will be

wth or scarce growt C 35 The results. in_Tab e
able Srigalca HEHHaRDER B léP%?tﬂnétﬂ%er?tﬁé’(lﬁi%lf éwaﬂmgafmlaﬁﬁe geope of the

presekllz)l? E V%ﬁﬁgipl ggcm&ﬁg’llf'l fséclyp%rbfqﬁe ]§ Bsett @Veh11$ry§l{oﬁ?c¥1@e determined only

er ant’i mance an results suc
by thé%lalm@)ippéfﬂe&ﬁ&é‘{oog6901 PCT/ US2004/ 008894
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19 EXPERI MENTAL TABLE 3 Antifungal Performance of
I nventive Rubber Articles Fungal Gowh After # Days 5
wez@apde@oRubber ID 0 10 21 35 Rubber For nmul at PONUS2004/008894
Pol ychl or oprene 0,0,0 0,0,10 0,0,10 0,0,10 Rubber
Formul ati on 2 Natural rubber 0,0,0 10,0,0 10,0,0
10,0,0 Rubber Fornul ation 39EPDM 0,0,0 1,4,5 4,6,0
4,6,0 Rubber Fornulatiqu%Aﬁkﬁgile but adi ene 0,0, 0
3,7,0 10,0,0 10,0,0 10 Ru ormul ation 5 Styrene
but adi ene 0,0,0 10,0,0 10 O 0 10,0,0 Rubber
Fornul ati on_6 Bronobutyl ,00,0,10 0,0,10 7,0, 3
1. TH:dengnsioppkly stphlgresit eired ﬁgh ef ﬁ@clerg@gmysm@ at least one silver-based
antir 85%‘ %ﬁ%ﬁﬁ%ﬁ& hr%%ﬁerﬂbggr a%%lé ¥3§hl§1‘is lo g@'l pﬁtég 1ﬂ%ccordance with
e exposure
ATC@%EW@&M%@% fdihﬂf&phylo@lﬁc@zfv akkerd @ﬁ&\i!A!TC&f Tredt M&hd@XlSSZ for
43% i nhi bition of growh after 21 days, and 22%
Klebsiailsi myewimeniagf g lé%%ﬁ 0 %ﬁh eftegt @ray% eXpaavieny rapes banpnseature, and
det a ous _that

Whel‘ellﬁ Ig?.lfi g?cq%oﬁthonag}[ fFotp We’s 6% ea%t S0g s‘ig r&gxkgelqﬁg? IC%I?[ o&ﬁgdnwe and at

Jeast ¥ dal S@titi@NGh&MBALER WitROMcddRBRIEPRI Ed1Bpdde
scope of the 20 present invention. Accordingly, the

scope of the present invention should be determ ned

P G 0 VR NS A BN B b 960 o1

Smp@zo@talcc% ra@ﬁéu@ aﬁ&imszreyw%mﬁmz&&bﬁatqm O%hé'lgaﬁér PGSR
one sil ver-based antim crobi al conpoun wherein said

exposunbigapomrteinpéretuexhi bits log kill rates i n accor dance
with 5 ATCC Test Method 6538 for Staphyl ococcus
aureus and ATCC Test Method 4352 for Klebsiella

3. PAGNZOM ARG tRfe MRS twhkerln %Qiﬁt}ulﬁfefr \Aﬁlc?e‘lls e gﬁsed ofa

exposure at room tenperature, erein s
majoraytoif chitebeo ptlecderhfrbmy thogpop sessmtngl cfasitileonbbai hitele butadiene

rel e control additjve and at_ |east one antifungal
ribbeg R R R i T b P ek BB AT A P Bl loroprene
rein
mbbeg,%qg{r%rgﬂgergexrﬁg étﬂggﬁé P(L%Fwefr:l% t@leegé gn@fn@} fubyBe
ﬂuoroﬂamérmmm,@lﬁmethu& IabHeerlﬁanuBbérahaiﬂmﬂmdlkﬂleylwﬁbt&tr isoprene
| east 2.0 each_after 24 hours exposure at rogm
111bbef,§@mcapbgz@n rubber, polyacrylate rubber, chlorinated polyethylene rubber,

hydrogenated NBR, carboxylated NBR, polybutadiene rubber, and any mixture thereof.

4, The rubber article of Claim 1 wherein said silver-based antimicrobial
compound is selected from the group consisting of elemental silver, silver oxides, silver salts,

silver ion exchange compounds, silver zeolites, silver glasses, and any mixtures thereof.

5. The rubber article of Claim 2 wherein said silver-based antimicrobial
compound is selected from the group consisting of elemental silver, silver oxides, silver salts,

silver ion exchange compounds, silver zeolites, silver glasses, and any mixtures thereof.

6. The rubber article of Claim 1 wherein said at least one silver ion control

release additive is present.

20



10

15

20

25

30

3. The rubber article of Cdaim1 wherein said rubber
article is conprised of a 15 majority of rubber
w@edogo@dl from t he group consisting of nitril eP€Uiokm®n4/008894

nitrile butadi ene rubber (NBR), styrene butadiene

ri bber, natural ribber, chloroprene rubber,

pol ychl oroprene rubber, et Iml ene propyl ene ntbber,

ethyl [ : o
o R e TR BB h ARkt other g
said silutblersed hlaimgm’maalednipumyerpnédeﬁt, i soprene rubber,

epi chl or ohydri n rubber, polyacrylate ribber,

chl ori nated pol yet hyl ene rubber, 20 hydrogenated NBR,

c [ r
R R AR A AR S [ s B By
releasehddiaive isaidbia frorm thed@sesl caitlstifk of ARl 0it) BRI, Is8lts, antistatic

sel ected fromthe group consisting of el enental
agentgjand apy mixiugesihesgefdes, silver salts, silver ion

exchange conpounds, si | ver zeolites, silver gl asses,

and any m xtures thereof. 25 5. The ribber article of

9. CRiefuBberarictd 6f Glaiml 8Sitlevéeih shiasekaartne i1¢&rabh abntrol
conpound is selected fromthe group consisting of

releasglagdibive a8 a Bydrophilic §ilpnastectsd fous thesgrpye ponsisiting of sdich,asgarates,
and a' on. xceg%éeg tcorrpounds silver zeolites, silver
%Yglé)é es %Dany m xtures thereof. 30 6. The rubber
article of aim1 wherein said at | east one silver

ion control release additive is present. 20 WO
10. 20« /roiges onickeT sz 8 4108 80mprigihg At leTftene diyephilic

. ti,cl f Claiml. [ id . i f l ditiwv
oit seffpitein i s hgist e Cale R oif Pt Er L Sdsctiues
theredfS present. 8. The rubber article of Caim6 wherein

said at | east one silver ion control 5 rel ease
additive is selected fromthe group consisting of

L pdegipenmsct o fies et seidiahit bkl i comerisbet but

rubbefd @i m 8 wherein said at | east one silver ion control
rel ease additive is a hydrophilic filler selected from
the group consisting of silica, stearates, 10 and any
xtures thereof. 10, The rubber article of Claim

8
12. 5 Jﬂlﬁﬁ@? 3 6%}% ofj (rlgina g whezein sYAEUtRPEABisH: 1P .cem@rlﬁed of

the group consisting of paraffinic oil,
halogér%ﬁﬁ?lﬁ e 0| , and any m xtures thereof. 15

13. A dimensionally stable resin cured rubber-containing article comprising at least one
silver-based antimicrobial agent, wherein said article exhibits antifungal properties such that
said article exhibits at least 60% inhibition in accordance with Test Method ISO 846 of
Aspergillus niger ATCC 6275 for at least 10 days at 30°C and at greater than 90% humidity,
and wherein said article optionally comprises at least one silver ion release control additive

and at least one antifungal additive other than said silver-based antimicrobial compound.

14.  The rubber article of Claim 13 wherein said silver-based antimicrobial
compound is selected from the group consisting of elemental silver, silver oxides, silver salts,

silver ion exchange compounds, silver zeolites, silver glasses, and any mixtures thereof.
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11. The rubber article of Claim3 wherein said rubber
article is conprised of butyl rubber. 12. The rubber
wa@edosoPeonf C aim 3 wherein said rubber articlBCT/BES2004/008894
conprised of 20 hal ogenated butyl rubber. 13. A
di mensi onal |l y stable resin cured ntbber-containing
article conprising at | east mne silver-based
15. anthdBGhA e B0CHEm MNFAELR 3R A | ALl B EBh RbL Sl
antifungal properties such that said article ex Bits
releasd addétixsetis 6%6ritnhi bi tion in accordance with Test Method
| SO 846 of 25 Aspergillus niger ATCC 6275 for at |east
10 days at 30C and at greater than 90% hum dity, and
16. "NPELLBbSASIB0E CELS ORHAGRRILY SATRRLERRIR: didShapne
Si I on re ease contro itirve at |east one
said gamer bmgahumdﬂomah/@nqidmed 1§}|jla£bn$.al d silver-based
anti m crobial conpound. 14. The rubber article of
Claim 13 wherein said silver-based antim crobial 30

17. CORO pger a%’ucﬁg lo? éia%ﬁ 13 r& aﬁra? Fe%Ft O%I%Sslﬂ%r 10 081f1tr?1

el enen Ver, Si Iver oXi Ver sa ver
releat,dJa[Hdﬁi(\féh@l@Q@cté‘cDﬁ‘mliﬁélgrouﬁlcbﬁﬁﬁtméeﬂiﬂlleﬁé:‘ oilg) 1grﬁénts salts, antistatic
gl asses, and any m xtures thereof. 21 WD 2004/ 096901
agen{PCMIISyO0ANOEEE8£0f. 22 15. The rubber article of O aim
13 wherein said at | east one silver ion contro
rel ease additive is present. 16. The rubber article of
18. O BhdRubBeriigd€ bNCRahd 7akkdréiH Rl at BAGH dre\selval iBE ohthdn
5 said silver-based antim crobial conpound is present.
relea$6]ad'dktgfer1§|@b§droahlﬁ1p dller eflectthframiBe ghoap sppsistaigdbiatlica, stearates,
d east on%PS|I ion control release additive is
an %5¥P@§W@ﬁ P6M t he group consisting of fillers, oils,
pi gments, salts, antistatic agents, and any mi xtures
thereof. 10 18. The rubber article of Caim1l17 wherein
19. sdlltk mbbdreatstle oh€laginl Wertharconpnitsmglat teabtemsdrydoghhiliove

hilic filler selected fromthe. gro :
oit sed €41 o BPuR Fonsisnzaf Baralius oil BNEAAlA PN pagixtures
therebfereof . 15 19. The rubber article of Claimi17 further
conprising at | east one hydrophilic oil selected from
the group consisting of paraffinic oil, phthalate oil
and an§bn1xtur t hereof . 20, The rubber article of

e
20. o ‘Bierupbegnatics ﬁ? Gk layvhsreinsaidariclpdy 2 wet sictite.
21. The rubber article of Claim 13 wherein said article is a mat structure.
22. A pre-vulcanized rubber formulation comprising at least one rubber constituent,

the majority of which must be a non-silicone rubber, at least one silver-based antimicrobial
compound and at least one resin curing compound, wherein all of said resin curing compound
present within said formulation does not include an appreciable amount of sulfur-based
compounds, and wherein said rubber formulation optionally comprises at least one blowing
agent, at least one silver ion release control additive, and at least one antifungal additive other

than said silver-based antimicrobial compound.
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20 21. The rubber article of Claim13 wherein said
article is a mat structure. 22. A pre-vul cani zed

WO ambepeddDr nul ati on conprising at | east one r uPGEIS2004/008894
constituent, the mpjority of which nust be a
non-silicone rubber, at |east one silver-based
antimcrobial 25 conpound gnd at | east one resin

curi ng, .conpoun ein,all of said.resin rin

2. ofisatnt® SRRl R 28Rt i b8 sBehE seicetea

from R rHHEcARisBRP bEAIHTRIrELRIRHMe Bitagidhd HibbBASEEene butadiene rubber,
conpounds, and wherein said rubber fornulation

naturgptibenadhlgropisnp ritdes patychleasirersnabbirogihmigne nxpesitene aubber,

o 35028 G USRS L BB
Sl in £l @Bh i SHaD ERbrbARP Aibbe: b’%}n@?uty@ubb 1

buty126%)4/’092‘6%01 By o SRRy, bromeuryl subber, isoprene

rubbetcapmbl @bhyphinofubBrapoly &2 yiateerehan, dddrchatedatydyethylene rubber,

const j nt is sel frgmthe grqup cansi st.i f
yaragere] SR GBLRO e TG RsbRcams THBheind Aoy g khde ereot

but adi ene rubber, natural rubber, chloroprene rubber,

pol ychl or oprene rubber, ethyl ene propyl ene rubber,
24. etThelrebieer forapyidtemeo fdlleme 2 rohersar saidibiber-based antimicrobial

fl uoroe] ast gmer rubber, pol.yurethane yupber, 5 butyl .
comp,ou%@rs,eleﬁtgfl@@@ﬁgﬁ&o%@wsmp% q:l,emglﬁ[a 1 B{jtsyyerr% r §1lver salts,

sitve B o B, D e PR AP RO fhreot
rubber, hydrogenated NBR, carboxyl ated NBR
pol ybut adi ene rubber, and any m xture thereof. . 24.
25. THerubss fomsHaianf aine £2 vibsrein s aHerss PRe Blgving agent is
p]__esefhglver-based antim crobial 10 conpound is sel ected
fomthe group consisting of elenental silver, silver
oxi des, silver salts, silver ion exchange conpounds,
silver zeolites, silver glasses, and any m xtures
26. t hhegvpber Fgrmufafeony efifblerm 8% Wwigreat saithaldpastoag pilyep ion control
1 mh%ggin.said t |l east one blowi ng agent is present.
TSP Vet P Wber formul ation of C ai m 22 wherein said
at | east one silver ion control release additive is
present. 27. The rubber fornulation of daim 22 :
27, widregithbes dprndatiarnf ofifgaim 32 siherejesad eltfunged pddigige ofieg than
.. Silver-based. ant.i.mi crobial co und i s present. 28.
seid Shyer Casp 0 AR IS ORI TSR 0T SETERr 26 wher i n sai d at

| east one silver ion contro

28.  The rubber formulation of Claim 26 wherein said at least one silver ion control
release additive is selected from the group consisting of fillers, oils, pigments, salts, antistatic

agents, and any mixtures thereof.
29. The rubber formulation of Claim 28 wherein said at least one silver ion control

release additive is a hydrophilic filler selected from the group consisting of silica, stearates,

and any mixtures thereof.

23



10

15

20

25

30

rel ease additive is selected fromthe group consisting

of fillers, oils, pignents, salts, antistatic agents,
wa@pa4ampotri xt ures thereof. 25 29. The ribber PCT/US2004/008894

formul ation of Claim28 wherein said at | east one

silver ion control release additive is a hydrophilic

filler selected fromthe group consisting of silica,

50, SRR S8R gy B AT Sy S5 nd R B i st om
the gfop Fbhsdtingrof@hrEiaic M2 Shthalble el AEDPY iBitN@s HerdoFast

one oil selected from the group consisting of
paraffinic oil, phthalate oil, and any m xtures

thereof, 31, The ru r rpul ati o f Claim?23. .
1. ndieanhbe i e oP AR 8 g b RS R, ene
polydhltﬁgﬁéneﬁl%beﬂhe rubber formul ation of C aim 23 wherein
;

sai ubber constituent is natural rubber. 33. The
rubber fornulation of Claim?23 wherein said rubber

constituent 1§ eth ne ropyl ene _di ene noper
2. 7 lpab b oS SR &7 weR A8 Bver BB R RhR apurs robber.
sai d rubber constituent is nitrile rubber. 35. The
rubber formulation of Caim23 wherein said ribber
33. cdiistbbrfornigatseryofc@leind 33 blreredi emé rublobernstiB@nt fFieehylene
rubber fornul ati on of C aim 23 wherein said rubber
propy&gwsrﬁ?qel}gmorpgr rﬂﬁll’?l rubber. 37. The rubber
formul ati on of C aim 23 wherein said rubber
constituent is bronobutyl 20 rubber. 38. A nethod of
34. pricucbiy farmmuliter ofaChine P8 whktwibsaid ngbenogpstiasni isgytrile rubber.
regenerable antimcrobial characteristics, conprising
the steps of conpoundi ng together the unvul cani zed
r r . .
55 o R Ao Rl 30 T R BN e nleH PR Shyrene
butadvanleaabbiezi Nng sai d rubber fornulation under high
pressure and exposure to high tenperature. 39. A
met hod of producing a ribber article exhibiting
36. ! Of}%ljuﬁ‘é !f@?mulEﬁ&?%l%ﬁﬂ 83 W@Jt@{]eliﬂa‘t{ﬁ %b%# constituent ig.but 1 rubber.
characteristics, conprising e steps of conpoundin
t oget her the unvul cani zed 30 rubber fornmnulation of

G aim 23, nolding said rubber fornmulation into a
37. prigsapblar dermatatia of Claim 23 wherein said rubber constituent 1s bromobutyl

rubber.

38. A method of producing a rubber article exhibiting long-lasting, regenerable
antimicrobial characteristics, comprising the steps of compounding together the unvulcanized
rubber formulation of Claim 22, molding said rubber formulation into a preselected shape,
and vulcanizing said rubber formulation under high pressure and exposure to high

temperature.
39. A method of producing a rubber article exhibiting long-lasting, regenerable

antimicrobial characteristics, comprising the steps of compounding together the unvulcanized

rubber formulation of Claim 23, molding said rubber formulation into a preselected shape,
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vul cani zi ng said rubber fornulation under high
w@e@ssumel and exposure to high tenperature. 4BCT/BS2004/008894

nmet hod of producing a rubber article exhibiting

| ong-l asting, regenerable 5 antim crobia

characteristics, conprising 4she steps of conpoundi ng

ot SR LSOO SRR g RS BT a0, ol L

tempéfd@pe, and vul cani zing said rubber formulation under
hi gh pressure and exposure to high tenperature. 10
41. A nethod of producing a rubber article exhibiting

0. BTt ol SRR e R BBl S tmegsernarohls
antini 0@81aN eharhdi€ri iRy WogdhisE@dhe stoppxeTcobpoimdial keuttel tHeldivillcanized

26, nol ding said rubber formulation into a presel ected
rubbgHemeulatiemel Gigim 20i mpligpesaidrubbeermiletioninge o oreselaeled shape,

hi gh. pressure.and exposure,to. high tenperature, 15
and SRR R BrataRh e Rl oout FRIRPRT i Bong
tempk@A@e| asting, regenerable antim crobia

characteristics, conprising the steps of conpounding

toget her the unvul cani zed rubber fornulation of Caim
27, mol ding said rubher farmul ation int resel ect ed
41 sragtod brogiunnF 2ihg SBPE SKIBLGE IpBr i AP RS
. . r -
i AR ESSRES B AIREAE, LV URRLETR SR B i
rubbardoprouietidyy ofa€lalre 265 moklng ssl mbbeuoimglatgentto a armelacted shape,

| east .one.sil yer-based antim crobial agent, and ..
and Vag%ap&%aq E@:ﬁ‘ﬁ?foﬂll%]&t%@ Unqed Jiah REFSUE i YGOSR fr highy
£ast one silver ion release control additive, and at

t . e .
empFeast one 25 antifungal additive other than said
silver-based antim crobial compound. 25

42. A method of producing a rubber article exhibiting long-lasting, regenerable
antimicrobial characteristics, comprising the steps of compounding together the unvulcanized
rubber formulation of Claim 27, molding said rubber formulation into a preselected shape,
and vulcanizing said rubber formulation under high pressure and exposure to high

temperature.

43, A rubber composition comprising at least one rubber component, at least one resin
curing agent, and at least one silver-based antimicrobial agent, and optionally comprising at
least one blowing agent, at least one silver ion release control additive, and at least one

antifungal additive other than said silver-based antimicrobial compound.
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