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This invention relates to certain non-silicone

vul cani zed rubber articles made fromat |east a

maj ority by weight of non-sijJlicone rubber that

i ncl udes silver-based conpounds to provide highly

desirabl e Iong termantim crobial characteristics

I e N e
AR CROGAIGPRITRTIC ARIALS rSBERICL AP ORI ERORS2AND
conbi na&mmm@RdEImMUmmmm RYBBER /R TE)LBSd can
be utilized in a variety of different applications. As
silver-based conpounds are deleteriously affected by
utilization of standgfgd f&k gﬁpts and curing
accel erators, such as su 2S¢ compounds and/ or
S%Iﬁﬁﬁentioh&el@’éb\s kd tartaliOnorPsitvordeusasaived fulshet egiciesenade from at
anti m crobi al vul cani zed rubber article_is rather

least aginfifoirituby we@t«eﬂmn—sm@rxeﬁu@oen Hhae clusles siheahasadsesononads to
res .Of d rent non S
p1ov1(g ﬁgéﬁ%ﬁ{@le erggarg nglﬁwz)ﬁ% ch cg&gsglgzg )%H 11{191esc¥1§edq{{§ber

articl X 3WBh 8ficldshad m%ﬂh@i‘ dolM W GRANZESArR Br sptshedPsti@t(or combinations of
irreversibly bind silver ions thereto, thereby

both inesultitayengd formsp and cancre wilizedics viicdy ob@fﬁemmmr&@atlms
the ultimate rubber article itself. The rubber
articles may al so conprise fillers and may al so

rﬁ}\ 96 PR Eblﬁb&ﬁfd% at YR, HR%tddaH utilization of standard curing
characteristics of dinensional stability, stiffness,

agent@nd ¢Lemgraabelmadm$ ¥8¢h asenii-basst cemgoindsandas systems, the ability to

BT N TN T ——
this 1@%@@@’5 %ﬁ%nﬁﬁ%eg BRI frOden&d oﬁﬁfféﬂ%hﬁ{&pélﬂﬁn-%ﬁiéd(‘@@ﬂg s?Jtems and

er "arti cl as well. This invention al so
agmﬁgmudﬂmaaqﬂ&nahaﬂthsnﬁeaheﬂumme$ﬂnmp@mngvubmnhn@nanddonot
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of the%@mﬁ#el hERR ’chre glstyéff 0’%{5% | A6k LAV LURRREIsS 96lﬁbﬂlétﬂlfé@§and may

om at majority by ‘weig
also ingidsplastisees foulrbeitle tlémted icharhetehestics ioff d&meﬂsmeﬂstablhty, stiffness,

conponents to provijde ghlyy desi able | on
flexurghpiognlap.dpnsile S&ﬁ%%thd‘tbé%sil%’t Peidioios RIORSHIRED G gl Tor the

r t 1
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There has been a great deal of attention _in recent

such %@ﬁ@mgromi npg-silivengraylgddzcdanbbes gutics.i Rirthssmptenitinimyvepfion

oo R G B S NAR g BB OB Bt

majority by weight of non-silicone rubber that includes silver-based components to prov1de
highly desirable long-term antimicrobial characteristics within the ultimate cured non-silicone

rubber articles made therefrom.

Discussion of the Prior Art
Al U.S. Patents listed below are herein entirely incorporated by reference.
There has been a great deal of attention in recent years given to the hazards of

bacterial contamination from potential everyday exposure. Noteworthy examples of such
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2 concerns include the fatal consequences of food
poi soning due to certain strains of Escherichia coli
wheingodoound wi t hi n under cooked beef in fast fpBOIUS2004/009580
restaurants; Salnonella enteritidis contam nation
causi ng si cknesses from undercooked and unwashed
poultry food products; and,illnesses and skin
infections attributed to_.Staphyl ococcus aureus, .
concergPehaes e FoaSHELBITER Of PEATOIP BERA 10 AMEIE IS ©nd
EschePe 8l cot e %l i PRI AHAER BB ke dWek PinSta& Yo drestalfan@a S@Fhonella
consuner 1nterest in this area, manufacturers have
enterifigy ¢ontamiinatidn chumingsickmes s donaindeampoked and wivwashedpowing food
everyday products and articles. F i,nstance, certainp.
produp ol LBgses Aot S (DG HPRRIHTINGRS 18 SrRLI OGS sy Klebsietla
medi £ | . MR Smidel 1G4} Br2RRRS, WHi®such an
p "eunécfnll&eég%atsgﬁdngzﬁ% L?nygfl}gfﬂip%\ cor%pobr?ds. Tlhe most popul ar _
increaa8d édfsemebingdrest @ thisaba, andnuficasers haddbeguindhiosbaging antimicrobial
Al t hough the incorporation of su a compound. withjn .
agents Wifhingrappureveryan preflugteeand @rticlesy ﬁfh I H&éﬂnﬁngéﬁp‘?@\%%ff@ &f gutting
si_mpl 0 r. sirat.es EE '
B e e
contaCEaREEbRal cdmifdunds.NPhemosieular bntirngearsbizddr fuchestidiesie
~_proven to be difficult in use or i(gef ,ectivci for . .
triclogsar tAdiheugiathedpeaaporpiden phsich 4 CaMPPYRGEWVERRIqU& @] gertain polymeric
.M gr.at es.easj| i [ 3 i %i‘gl’ld -f;
medi i oEpEuE Shatmpt hel n DU B b G G0 Rl BpPOLNIRE fud sufuces

there IR AR ven18ssladedssible) erumkrnsdrafsuth tricl¢sanddditives haagirdyen to be
| eachés out of rubber and Iike materials, at hi

r. .
difficte frpeseat inagEptivafed casais badgerip rmii@%a@emp%ﬁg%e wfgrates easily
...bacterial kill {for.instance i bi
w5 s oo BN Ang AR el o oy gorote
Jacks hiRl @5HiRHaRd BuwS eadal Ma¥hddi@inbyrubibed anddikleanatedials at higher

production”of 20 vul cani zed rubber articles and
temperetupsyiani dnes nas pprwds dwideoangmefbagisripldd(Exiiagtance, does not

.benefits, but, 6 also antifungal, antiml dew,
eXhlb&r?PVi‘llgfq]i'rlﬁﬁ‘fdoﬂ??éf%ﬂﬁwg@(?ﬁ& ol properties. Rubber
articles are wutilized in many different applications,
from aut onobi |l es (hoses, tires, bunpers, etc.), to )
hugahiotabidl tebier farowdations ate oseainkt kighlydskisadsfor the production of

appl i ances,. floor mats, .dogr mats, carpet [ U
lcaed kg picles e TRRSHHER)0 PRt Eich erbar Baec bl fiffegs. bu
also et?iﬁﬂr%[ai Ahti AN QW MinkiStafhiRP LEAbAG codBoRropérBiR. RiMber articles are
ere remains a long-felt need to provide an
utilized freabnyvdifferbut agylieations| frainl astoraottiiesilmseditiags, bumpers, etc.), to

pre-vul cani zed_ rubpber fornul ation ich wl rovi de
hous gl GoXse R ARG SHEEH APPLegES. agae s sk, Srpeted
Sl IRS LRl LG i d fie)f ' HefihBgrowth is a potential
s G GF oy P B Rl 5 bl oy g ornce
problestb es fREsutmaine o 1andfeitmevditoqaniide dn affectblegdurable, reliable

~containing silver- based antimcrobial agents B]%Isé
entintiebiebpisralomizenediben Gur By LRy iseHED edrm

iR PR, T L RODARG B hrummt, s

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.

The closest art includes Japanese Patent Application 1997-342076 which discloses the

production of unvulcanized rubber formulations and articles exhibiting antibacterial
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producti on of unvul cani zed rubber fonnul ati ons and
articles exhibiting antibacterial WO 2004/ 096902
wWEIAOER0D4/ 009580 3 properties due to the prPCGEOS®OEH09580
silver conmpl exes. Such formnulations are forned through
hi gh tenperature kneading in an oxygen-free atnosphere
and are used as parts in a yater disinfection system
Again, no vul cani zed rubber is ht or. obta
properiips B ghe BRFGAGAL LES om0 Sk ormicRiofy ffld trough
igh td] Y, - ' aR@BRSRedad £itts in a water
]mghuﬁgggﬁﬁgﬁﬁggﬁ&ggyﬁl?ﬁ%@%?égﬁﬁ%ﬁ Egﬁized fgrn1mfph .
disinfétiby eystant hghiar abindtmizddeanbber is tdogisobtasidhviglomes treagh this
~ are rather limted in use and the vul cani zation step
disclogfiigt i ncl ude a sul fur curing agent to effectuate the
final vul cani zed arrangenent of the subject rubber.
Such sul fur curing agents 10 have a renarkably
daheiesrbikisrubbéréahd Oimve detmatanglsiih Varanpsesagent Application 1997-
antim crobials such that the Sﬁ fur. reacts with t

uch | he
140034ii8 veleaniens! fognirghiller GRSt DT BB Fettfl P ounds are
Lt .ineffectiv . t eri.ci Ll t1
oy ASLLRECIFe SRR i Fdude, S iy st
effecti®E tRTEhaWinilbinizedl afaggerf&ttlof tientubjeticiubbéralSuah sulfilrewring agents
basi cal I y unworkable. 15 , Certajn types. of . he sulfur
have aetianabhitsleierionsrebier i eestein Yier-Hased anipicsobigis saeh that the su

farmil ati ons e ' i r,
e USSR Faal R Rty tinleugyer,
bacteridde. Wet bucHngig LisitigadnaTduacgrpifiedutteabasd formaheionsifriyend within

cannot be vul cani zed by typical sulfur- based
large-saieadnyistisrobiphagicles hebasinelrvaveriable: r ubber fornul ati ons

of Japanese Patent Applications 1997-026273 and

1995- 065149 as well as U S. Pat. No. 5,466,726 are

S t%ﬁgﬁrt%éélﬂf G ZesbidG s lide ondystuhlirnizEe rutbenfdrondations have

and articles which also include certajn antim crobial )
been wrodyadrinl the pasig Howeamasuch persaifs-quygskibbers prpbsilicangdpsed. Itis

B

based%@tsaﬁgts? Uf,9 Gh S ¥t B BobiI4 b RS ForRT@ations BD BipahesePaesmt Applications
(nor-vul cani zed) conprising antimcrobials have been

1997-B562113smid A8 60651 49, asRmell aNd.S. Bat7 36, 5996,726 precsiandgrdeyulcanized
. as have_floor. mats havi ng, sjlver.-based . anti.nm.crahi
sicopebbyop Rt SaboR I PSSt e GG Bfoounas
i ] bR GicRRk Blityl PRy ahpekioasobugd rubber, have
Addlﬁﬁ@%ﬁgﬁ*g%ﬁ@% %@ggépé%{/czed va’I[ cani zation to prot gygt
a tendel€y tondd-solimnbéze wind ered with peroxatepassiosrhgsistemsack by
any sul fur compounds (as in Japanese Patent
Applications 1993-3555168 and 1995-38991). Agai n,

T
discldse@ P@TS Par el 8,786,591, 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
been no disclosures or suggestions of producing a vulcanized non-silicone rubber formulation

or article exhibiting excellent antimicrobial properties through the long-term effective

utilization of silver-based antibacterial compounds. This invention fills such a void.
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or article exhibiting excellent antim crobi al
properties through the long-termeffective
wa@Riokiozeav: on of silver-based anti bacterial conpoOUOsEN4/009580
This invention fills such a void. WO 2004/ 096902
PCT/ US2004/ 009580 4 nject of the Invention It is
therefore an object of thissinvention to provide an
anti m crobial vul capize ubst antially non-silicone
rubber article exhi &E’i‘?cﬁﬁfélﬁ VERER  anti ni crobi al
ag id tﬁ%}eéprggg ol\%%h{]dﬁﬁig E@lentiBh 895l Me 'l aWikitgbBathulcanized
repeated use thout losing an appreciable |evel of
substaffid1yatonSsi Bt rilshen bitiale qxbitetingsuffividot ansins enobiag petivity and
Anot her, obj ect of the inventjon.is to groquﬁ ?n i
structuspltipieRd bdBvaihstanf EeRted 4SS YHAPHIPTAS 1Y BISFEIRTIP {/shet either
. .rubber artic I SN ] rRasese i o GO BkAkide an
e
antimigRbell §hicanisty subkfaatillyt iva-sihatneniishen bitale comprisingsibfer-based
~ the finished vulcanized article (and thus jis . |
antimigrobigh cpappyndsveicl mglhpde §u1|1%%gea§stg%iﬂ dopat ﬁ@ek?&QH% afffief the
._.accel.erat.ors) . b f k Sad i
anton SE5EF U] Gine ARt WIASfecBPAAE onBlend By MBI £ &om
sulfurbakd R REQTY M EaRkRetorsaw r ubber fornul ation that
ul timately provides a vul cani zed non- silicone rubber
article of sufficient antimcrobial activity and

structuragl. in rit M i -

oot st R BTkl af RV R G ERREHFRLgeBSantitly non
silico®Prk WufdaBb@kavefbbér REYWlaf6n R ukiumtdd paividasgtshilcanized non-

Anot her object of this invention is to ultimtely :
silicomrmvbatertcie afsuffivienisiinticrabisl acivity e sirptacal titesalty Royithstand

rybber . fornul.ati on _conpri si Ll ver --hased: :
R e e
streng@? dAGSthENSH 8% SR Ak QktfonVil ke tltiatdlp prodeiceinemtiatisloyial non-

effect the” antimcrobial activity of the ultimte
siliconeupreaniaeited oubbsi farnuléion gbiberisiag silvardapedrntinkgebiad compounds

.essentially free from sul fur-based . curi

WhiCIBE BHeF A1 201 BOTRS fescleBLaR ] e R et e
antim] R A APty BEME Slthaidh RAS,QNAH-MlisdrRHBb er laftidl e (R0 Ak is

to enconpass a vul cani zed rubber article that is
essentdllyuedcufra syl fabbased curres 4ganidiasd aodeldiatars).di si nt egr at i ng

into smaller portions. Thus, the article nust exhibit
some degree of structural integrity and, being a

rubber, a Ce”%&aﬂgxglbgf‘cr%ion%f{tﬁéfff%rn@ﬂonrmdu' us. Such

a specific antimcr I 'cani zed non-silicone _
r atbesmatdimehsotdly stuble’he amended b bricompass avulcanized rubber article
suggested within the rubber jndustry .or pri i,
that imsj%%ﬁffal@m}cﬁg to l;»?ehandled V\l/'lithout dfsﬂltgg%at{l%é info dhnallet pgrrtltons.Afhus, the
article must exhibit some degree of structural integrity and, being a rubber, a certain degree of

flexural modulus.

Such a specific antimicrobial vulcanized non-silicone rubber 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 aeruginosa, and Escherichia coli, at the very least. Furthermore, due primarily
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avoi dance of sul fur-based curing agents and

accel erators to any appreci able degree thus 30 permts
W b@4postoent i on of silver antim crobials w thi nP€TES2004/009580

final product in amounts sufficient to provide

long-lasting log kill rates for Staphyl ococcus aureus,

Kl ebsi el | a pneuni oni ae, Pseudoi nonas aer ugi nosa, and

. Escherichia. coli, at the very |least. Fur re, du
to highftrony ol Setly GeRb A5V PERS BRI SOLE ERpGizef ffpoer
formuFARnS am'i‘ QRichld] Tl RO hAARBH S0 REERINB Y FAL S gestion of coupling
preval ent W thin vul'cani zed rubber formul ations and
non—sa]lfdm airng . agéss éamdlmost heferabiiz petvaile and/or @ES@hﬁlhi@ cgmng agants) with

sitver S g1 Bt Gt G SRS A SrL ] SERHBT AP T ildtions to
form @@@c@ltvéﬂ)y Mifdicr ﬁl'ai %ﬁéa&&a%&?ﬁftf&é‘sr obi al agents within

pre-vulcani ze non-silicone rubber forrmulations to 5
forn1effect|vely antim crobial vul cani zed rubber

articles., Addit naII nfiller d oils (such
addditiqnally, c@aqa 165? 1i:s ‘bq%eag sHlireosar ac‘;:kamg& 3l oxide,

calcivlly ch??kﬁ@ stéaﬁ'f[@:i Qstf?ﬁeré,sdn& :phﬁlhlgfa% arﬂ%rﬁﬁhﬁ%l@% Sre3Rferally,
par nic ol are genera al't hough no _
althoup®QRs sia¢dskarily, reqited eol ptomdmrhmﬁn flexvral IhOdlil&S(m(hdtrutrtlniall integrity to
and structural inte r| ty to 10 yul cani Zﬁd rubb

vulcapipeq Bybbst artigles BB ESRIARERR 2PN5HRINEAHY AP %Pt kit proper
d1mens9 dlas XP&%%; Wﬁfl&ﬁ%ﬁch HaRns! ehe ré%gtg Jrlstich é’&dﬁtmg naUEd
resence of Ssuc tives may al so
p10v1@é ﬂl‘élaﬂﬂlty hﬁccﬁi@ﬂoﬂ kitver-den etate glthsiakgee artichnsurfabe aWethatlt intending
the target article surface. Wthout intending L}
to be bounsktotany spgeiBpecientifie theare it anpoars ik spsh tiklgrs ai)ﬁ g @nd such oils
as palﬁgf?g? P}Ligligs gol(sx!}e% eeX[als‘hg)?%Ej%,le 18)%2(:}? a?ldg B al)vf]tnglu e mtc\)/\gl)? article

whicltheh @rad§Rots ROV Stibhisefrorh i@ tHid thealitidle tcﬁth& Sunidec fin s situation,
transports silver ions fromwithin the article to

t he
then, ﬁmﬂuh artigle sy lexbibyienhenced pilver release resyling g higher log kil rates
ma i bit enh ced SI |
or o e Dt RL 505 SR LRSS AR A1 Bl

the presence of |arger anmounts of available surface
silver ions. Qher hydrophobic fillers, such as

pi Qtirerinysir¢ifhobiceiliary Isech asayigoants (e w;ammg, qegham hlpgk) and calcium

e R
preve?ﬁ %}W%E PR %@%'tﬁ@aﬂlgletshﬁa&r U ifids eths WédueEen off: éﬁéﬁ silvdi€ion

educti on of such | ver-ion avaliablllty decr eases
availdtiktyaietichses tthey mrﬂibaaéﬁalc«:ﬂ&qac}nbf thheulvhﬁb peiclearinieffeet, then, the actual

antibgqi i RHIAEY PLBERIETYD G ety CBe ecgmpbrd i e Gsonce of
ceﬂaﬁ%ﬁi&&%smﬁﬁlil génerﬁlre{g[‘:%l fbdéf{m:@érﬁl &fs (M@hﬁﬁﬂ}%’lﬁ& biftistatic agents
required fi rs a S

some hydrophilic antistatic
also #ppemtts a2binahs sanappeater hosilict ad welhe same nanner as
silica as well). As a result, the necessary filler
and/ or oil constituents required to provide

di gen ?és ,Zt:he nEceegﬁqlr*l gg&%/an%q/ oﬁmétﬁﬁ&ﬁ?%@qﬁﬁg&‘ Mol RBimensional

t hu's ac use of t Inrs article serve
resili@ney 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

targeted duration antimicrobial vulcanized article and the benefits thereof have heretofore
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dual purpose heretofore unrecogni zed within the rubber
i ndustry. Rubber articles can be 30 produced with

W@ p@aiopdoe2 end- uses i n nmi nd dependi ng upon the PBCT/EB2004009580
of antimcrobial activity desired through the
addi tion of specific anmounts of such additives. Again,
such a targeted duration agtimcrobial vulcanized

T M t%@gg“@we°®u3%%ﬁT R TP e ¥Rients are
thus hé*r@ n%ﬁé’r%r&%ﬁ tWag ﬁelt 8 &R ebntrSIdAa s, Th ese rubber
onents are herei nafter referredto as
"si I ver ion rel ease cont rol additives". The term
rubber is intended to cover any .st.an rd r.ubber, ;whi .
kg tepa gl éﬁ-ﬁnﬁ&@ée(i [ cogerpqnéfvsf; ard Ty %}hgllulstybe Vuihnized to
Regickiffe YR rofber dRfIfked below
provu%ra (P?len{lgldﬁﬁ;ﬁt%\?\% fug)h g%/ig Eee?rIj util |S,I)z{ed previously
and have bBEufiledrpbheusly withmitthy rubber Jadwhlm fot g verfiety of apphcatlons and

applications and are_ genera wn and t
M M A R A R e R

Lol i Lon S58&H 2ds in th
formu 89‘7’ %na “oras pgersz ?&? %éeg% gghﬁmﬁl)é%l 12%S(ﬁg{r%gakdown sin the

breakd®Sd ptioaf oﬂtﬁ@el@étaﬁlbﬂdmrngdjompngndmgpmbpnbrcm;lr@(dnd provides
processing (and prOV|des 10 fl exur

flexurplrmp@rltlﬁ; etsopfﬂéleﬁ Fpethﬁr finisspdertigle) AL 1Ve aégﬁﬁrélri:q‘ﬁ"sedff?ﬁ feggyfgroement

(e.g. C@ffq% Pg%[ bg{éc(fcegﬁgﬁ aia& Sla\?s) g{tl ong Q@?&ﬁf‘@ﬁlgm (foam

or spcgb) lﬂ%er(afrﬁ’@lm a Elbwﬁigwgglﬁ)miyuiﬂml’dea td thelieventive Fomiutegion.
agent may be ‘added to the inventive fornulation. The

r ubber conponent or conponents of the inventive rubber

gugllf. Irg{)]rgﬁ&?eﬁg 8%$o%tpr§m§ntg sht% u?vén%l%/ta P@Jb%f rﬁlulatlon and cured

consli nitrile rub

articld SYEReR%e fG&NePRbhihd Boupbdmiitiapef nighleatbldNBiich as acrylomtnle-
styrene-but adi ene rubber (SBR), natural rubber,

butadizhk omhiqar E4BR)]; siyteme-bujadiope mbbﬁbbﬂn‘?éﬁen?tu%ﬂé sibbepchlprenigne

rubloe P R ORBRT TOP P B P BB P e B pr R ome
monoHép g%flbl\/g %%er r tRR&d 1 astorhé aBIRA %&%r@t%ﬁﬂé bbbty abbdér,

but yl’ rubber and brono rubber] I Soprene
halo garﬁhtdid.ﬂblllﬂnubbﬂ [sindhcas ehipdotiuty] rultitse ﬁn her], 1soprene

BT TR TR AR e e
hydrog&lfa%ed %@g calthQﬁﬁteeﬁ\]HR‘ bR8butiens rsbeb @maitkelkeM th t he

ase ru pe in order to provide different

st rengt hs, fI eX| bilities, or other properties. Such

ot her conponents may .t hen 25 includ

| |Qﬂ1pl‘afﬁ/‘p@9(p Hbbernpay 8l erplxtag Wd‘i‘ tﬁggése rult)ber lT:Iype: in order to provide

dlfferg{l rengtﬁj%,uftl%(gblﬁﬂésagf %ﬁr?@%& S. (ﬁ\éﬁﬁ)dther co gonents may then

lene’"ru nat ur al
inclu@ vaTHeRt BRetatisiReile bbsrdhichras pc@mmbmadmn@mwme@@m]

styrm%’é&%liﬁénéﬁ?rbr%%rmiéﬂ%éf&&%&f%Eq%sd' 5 BB Hgpgge robber
ethyléne propylen but e %91%{16 pidphithe B14RPRlonofiRt GEASNAD BebbRAIL
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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rubber [such as chl orobutyl rubber and bronobutyl

rubber], isoprene rubber, epichlorohydrin 30 rubber,
w@odogaedqyt at e rubber, chlorinated pol yet hyl enePeTrbmn4/009580

hydr ogenat ed NBR, carboxyl ated NBR, pol ybutadi ene

rubber, and the |ike. WO 2004/096902 PCT/ US2004/ 009580

7 More specifically, the te5n1fluoroelastoner r ubber

ip IMS @gi egéogg]%%g]tl}t@ R]éeggafmo e rglqaﬁxain e&ss{o%]pg %@bq:{ﬁé ?s&ﬁ%%g?%i c%r\]fer any standard
i ' b @@which
o 10 G5 S5 AR MAERC ISR MeL et i
must Yol ildan@ka sé prowideradibensionalygtabéy iubhéd articlef Eluoserlastoragy rubber
) FI LM pol ynmer according to thgggo nclaturf note% i.n STM
is gengewily seferred v asdtkpobipe foeqrdesi® eromEne e pRsfime:
ong. Fat.... r
D141 E? Gar 1§ r%tftEn cf?lEs1ﬁ%(c?F9§g$ téluﬁgr\[/%/coﬁﬁeﬁﬂ ORdrbxaflp HO LR @ﬁih@z?f&

S are aval ng a fluorine content o
fluoro6GHpmeBLabban dre 4ilablelhtting g Hluoeny copeti lo6f0, §BUd end 70%,
now avail able with fluorin ontent i.n a ran

e e of
although PWBHRPCA AT ST R A1 A 1E7800 LYo SIS 1y 2 Tangg of between
L m_api pohydrin rubber is intended to cover any
abmn@ﬁéh gf%8€$gggr whi ch possesses at |east a majority
by wei ght of epichlorohydrin rubber and which nust be
vul cani zed to provide a dinensignally stable rubb

afirnigdrly, therfern epighioothyBiin sEhbenis mighgrd tojcgver W@W&g%dtrgbber
- tandar d. rubber., wh _
i R S R

yulcafi¥sd toRRovlt § Anh&Rehrally BaBl¢irtisben agtiche MBlicteah pylybtiatiese rubber is

rubber 15 article. The teen pol ychl oroprene rubber, ]I%S
intender e paiee anystendead rebbyr whish dassgsies Bhlepst APy ATty sRegkied

t .l j Or.i b i,ght_Qqf
polybpagisEs b S Chichiutt b FlicRizeto BRPELR A5 BBEERALY stable rubber

amcle,gi TRNSH? g@i Mofdp&leaubbil Reinteated &) @velhey satdardtupbanehich
ut adi en rubber is intended to cover any standard

possesdeb bideastaincontydyersig odpolyehleropzeneapbbartapd pyhichemysitbe
of styrene butadi ene. ru r_and I ch St :
wleaarEairoBe f BrBUnHLY SRR o Ty THerd Somge butadiene
rubbel iéqgféhd&f tto'cf%lvgr ar@‘ stRRAubRS v @SEIeEss & at 3édst £ Blafbrity by weight
rubber 1s discouraged within the inventive _
of styfedie utadtene mybtich endwhiireiuss be Melcpusst toinrpyige afiaensianglly stable
certain |l ow amounts of such specific unvul canized
rubbef gk component's wit hout adversely affecting the
overal | antim crobial rubber 25 formulation itself.
Thus, up to 25% by total weight of the fornulation may
berigiduigk @epresenibbdef silitumeevtdrer ist discoverged majhor theyneshtivhe
rubber fornulation myst. be non-sili.cone rubber. :
formptgtiqry dheppreaaingige ﬁeﬁl@fm’i of SREME AR ?%‘?5 PIOBRS o Spehpppeific
VAR L2 Q)i of %21 faffetiitld HHE 0RBRA AnGithidroisial rubber
mwugélgﬁ?ds%lpgé}e% [ L?gl&kt?%h@ﬁe :&gllrses éldf ear t% cl g) and thus
formilbtSdn L1V Uleaniz®ed5% by total weight of the formulation may be silicone
rubber; however, the vast majority of the rubber formulation must be non-silicone rubber.
Furthermore, the non-silicone rubber portion must not possess an appreciable amount of
sulfur-based curing agent or residue (in the finished article) and thus must be vulcanized
through curing with primarily non-sulfur-based compounds (such as resins, bisphenols,
peroxides, and/or metal oxides, for example). The rubber component is present in an amount

of from about 10 to about 1,000 parts of the entire composition, more preferably from about

50 to about 500 parts, and most preferably from about 70 to about 200 parts of the entire
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through curing with primarily non-sul fur-based
conpounds (such as resins, bisphenols, 30 peroxides,
wa@pakoeonet al oxi des, for exanple). The rubberPCT/US2004/009580
conponent is present in an anmount of from about 10 to
about 1,000 parts of the entire conposition, nore
preferably fromabout 50 tg about 500 parts, and nost
preferably fromabout 70.to ut 200 ts 0
comprafamy A bHe 9 S GaSEop e PRI BG0sR T Cha Bk £000 parts
PE&stifthedP@brhSbout 25 to about
throug%gﬁﬁ\}gékatr%eggf&%cﬂ%%%d an Eg%rgﬁlieo%é(lr)%ﬂgjépar tsg t hr oughout
70% df i feacepeige bylparinbft entilslzeticlar Thetamaindee wmbbeﬁrs additives such
constitutes from about 25 to ut  70%.0 .@ﬂ ts. and
as fillgserailsntuage aB5tpdpe Soied pRdmige 101@28’9?1 %Ht@na gwing agents, an
the lllgeggg&lgc%gged g%rthﬂ%ﬁ%lﬂggﬂro es S u.Ch as fillers, oils,
agents [ re antim crobi al agents,
optlonal bl owi ng agents, and 5 the like (as discussed
nor e thoroughly bel ow). i S Intende

viflie inendad fsh vBlcayzaig %rogteé PEICHY T ofﬂhgsgélon-sﬂlcone rubbers be
per for{r}e iRt 'arll 'eﬁ\g fel))%n{ee%g Hlea'E i 19&636955%%" ;gﬁ dg Eg% E‘h(ﬁ@d’ bé eRIRRken in an
oxygeﬁmfa&rﬂkﬁjhetd(aﬁ Bppcmé& gedn araciobit amyEph@eet \(']ash opgrosetly difficult

to an anaerobic environnent which i s gene
to proglide}.i é\s|menil@n@%prﬁwwbreyhesewnn%mqnsﬁﬂé‘%’ ]Ié%}’ 6%?%1? ytilized
Se. no con I
provigst BOr SRy WhbRTAC R PER Bl SraBrs e d S penglty et

knowﬁ Bﬂ(ﬁ ta t'tﬁfbﬁ B tid Srigeme rSalch ynweative rubberartielesintagalpotpossess a

hr oughout t e prior art. Such |nvent|ve r ubbe
chemmalt pledtieizerafichl aids ipdhebreakdewnaesion o4 thenlaomes é’éﬁﬂg

compalm Eﬁg?ﬂdgqf%n th%ﬂﬂé{ Igﬁlél gﬁ\f\@%)g]g{él:nggdu? s &Qgerﬁkz tﬁgﬁfnshed

artlclfg W13l ﬂmﬁg&leéf&r&f ﬁp ediffoReniedt (e cﬁlbfmmbui‘doﬂelﬁe carbon black,
icle) as well as fillers required for relnforcene

magnésuy, e} cilcmrclayoride, ol cardaneab). CORtoneHgiodeRD APIOWS (form
e

article, a blowing agent nay be added to the inventive
formul ati on. The anti m crobial agent of the inventive
r Silerantiborobial agentof the inveytivserawfrubbpgr foonwetionyapy be of any

oSS T SRR T oot LSO bk,
tnclo?%é ?o?texgﬁﬁ gieb&éi n&)tcéelhm}?l Wheﬂa"i‘ Biability alﬁf‘ﬁlﬁamitﬁmVﬂlé frir et

matri x or substrate at different
matrik @H@lﬁj’s&hﬂé Fae diffeféni semparatarean Tang, isnélcarpditihiciobiatis more easily
easily contraqlled, as discussed_ above

contrpldgde a% disepssefeaiovgdior gggaﬁe Ieleasp @s Flﬁs&l]eﬁd gugl%\ohggesﬁg{}%al%ge without
hmltatlo[nvglﬁrt& Qaﬁtg aixJeY ?J‘ud@ Fdl LG, Sl B8t prefeelmy) t1@111 exchange

I on exchange 25 gl
glass 2 Rze R0 |cbﬁ1@o@1@i§p C@ﬂ’Hi'Sn g@tee pmﬁergmcealre sﬂ\mrémmdenn exchange
are silver-based ion exchange

fo
compoungsofor thisiBupese die tp dhe Jowleydls of Bl gilé? a1 ?ﬂt-\iaa?]f‘di durability in
the ﬁggldﬁo@gﬂglgo&r Iblylts}%l h 8‘?1}1?511}1%8 the Qfﬂcg@%gfﬂeﬁ "t@fﬂe‘ﬁﬁl R¥mulation

cacy provi e final
with E@h@’doﬂﬁo@ﬁd, 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 to Staphylococcus aureus, Klebsiella pneumoniae, Escherichia coli, and
Pseudomonas aeruginosa, as merely representative organisms. Furthermore, such

antimicrobial compounds must be able to withstand elevated processing temperatures for
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wi th such a compound, and the ease of manufacture

permtted with such specific conpounds. Thus, the
wa@niospepobi al agent of this invention may be PEI/UBS30p€009580

whi ch inparts the desired 30 log kill rates to

St aphyl ococcus aureus, Klebsiella pneuinoni ae,

Escherichia cols, and Pseudononas aerugi nosa, as

nerely representative organi

.. .Furthernmpre, such
succest i insPTOBIioat Wil s et HrSEILBE (igplenp e orifep Qi for example)
el,evat r S| -
eured B BB R e e Bt
contaihih@ i6126:3Bkn g0 Blass) lahidvor ¢hilispéremmiundn dVost pefeosbilgeyclt ar
exanpl e cured rubber articles. Again suc({;)e nclud
compemmliisrh S GHbarcdHgRIRK e BERENTRINIPAPAIUHIALY Aopf jayinclude any
cont ai.ni ng. i r - : :
s S0 el R R IR 1738 p R B St o
comp&irdy &ito BRSEthobsHeredahinngecessinpatingh mnmi)epaa:mte:smjld:.};r |y
does not include any 5 added organi c bactericide
conpounds (thereby not permtting a rel ease of
vol atil.e organi i | . i .
2 S0 PR o hTERRLE s oni

phospBhte USitdBRS@Em NI R CA AR Rt eidedihe inndanama ALAMASANE]. Such
silver zirconium phosphate available fromMIliken &, .

comp@oriparsyavailakle in different sideer iRneOnASTHANOPNRS ol 8 tuEes With zinc

.. conpounds are availa i . Bfar 0/Si ' -
B
more gfélrdéablgi ifR A 360 HRAINTS,, fd fberprafeaibly Smbintt of Ak 89% by
ITver“ion concentration, nore preferably from abou{
total @ndumt abenmpaBets (agdofths totgraatoanbef lvaronsad gircomssy phosphate)

10% by__ t ot al t. of t . . fal .
are pERBIIOE RSy B PRt SO P B8 int o Blicotals in
this ir&%ﬁﬁ&%% SN siateanEbRE haiRbRS férh Sthanen under the tradename

ver-containing solid inorganic antimcrobials in 15
ZEOMIE®, orwsitvei-substingedglhssavaidails fipmuskisukedGlapg ender the tradename

avai |l abl e from Si nanen. under.the tradena .
TONP R Sy high ies e e Bheg e Rty B E B SRinfP Y 6 plterred
i { i ek i1 Br-PaRd Reiterials such
sPeC“l%t’ ﬁ@g@%@%ﬂeﬁ%}%@ﬁgﬁg@?ﬁgﬁfhﬁa or ef?néa?l;gbst it u%e for
as MICROFREE®@] dedlablefanh BuPofd hewel s BVIAIGR,corala fiom Johnson
again without limtation, are silver-based materials
Mathgyich as M CROFREE(r), avail able from DuPont, as wel |
as JMAC(r), available from Johnson 20 Mat hey.
Ceneral ly, such an antim crobial conpound is added to

a GétRher, fthnilaatiderobial empoand irddded td 2 orhbebumuBition in an
to 10% by total [

wei ght of the particular total rubber. .
. amoufbpfripmtabowt, 0.1 tr £9%r0arPiyl Veight efifbeipa P‘ia’E‘iﬁ?%gl% et g‘%’““la“on’

e RS0 L PSP Bkl ORI 0 SH s

prefegbll}y%oup@%ed I norgani c antimcrobial materials, these

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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particul ar anti m crobial rubber articles are shown to

be particularly suitable for the desired high |levels
w@tooepdoency and durability required of such aPCT/TEH84/009580

It has been found that certain 30 silver-based ion

exchange conpounds, such as ALPHASAN(r) brand

antim crobials avail able ff(gm MIIliken & Conpany,
(U.S. JPatent 5926238, U.S.

alniie GO B PTS T 5 BT BT Tl Ay Zpmegline) intiall
e G BTG B PSR kgt Beos Blevct

deplet@itdrihEriobida throngipRuctdsg ineo the strowidispenvimwhoreotiekinally
OBPA, Zn-omadine) initially suffer fromdeco 05|tHon &

throughrdelstadrmcterigilabr@ iy s Hoy o enpreteaCap@enEon S aes, glass, and/or

. followe d ' i-0ci d ) ' hibit

seotd SR B po R HAA DRl Sy i pobBeeh e

high t&ﬁf’ér%?éjst%ﬁfye@ﬂ 00Td), @CAdt Yeakl intbidheean@ironment and provide
siTver-containing ion exchange, glass, and/or 5 )

substantiel dmemtoritbe nbdgodyoamistsilyerfipa to pProyifetfpethe desired extensive
%hort com ngs. Such antim crobial agents exhibit high

durabilifyper at ure stability (>1000C), do not |each into the

envi ronment and provide substantial anmounts of the

ol i godynam c silver ion to provide for the desired

eXi ReSig/the adtimityobiatybbaarticlestfos efferiiveress.dhbashegh pnaplly

rubber articles for effectiveness, it has been . . .
obserygehiBital e oBHR FHEH PEAEN 31V g Hiobrveien (urERLofsivandgns
releas?% %t\étﬁé mngféé PV AiE S al @R iboYiaPEffRhd W RlaidsPBStain organisms.

i
ased at the surface of the article) and _
For eiipl&istivatdlatioref duasarsatadeimabout bp mgiom ailyengeneeally resgit in the

e et S S S0 S PR s
Acco@{ix%)ﬁ&ﬁg g&ﬁér&'ﬂy A9ALBR hAaebsl &l JRRRTERP&1i81RE should exhibit

oCccus aureus. 15 Accordingly, it is generall
an ac@?&ib[@lbg &ilt had aftdre4i hovenbi §enaentsiwhanrtesipdin ancoidehesswith the
s

ould exhibit an acceptable log kill.rate after.
ATCRGaro\pbpa 655 anblss AnfBnnase{eath i oHEL bt SEREED PHP (HEC Test
MetthA(gg%%eZg e MR LROS ta@o@g’ﬁvéﬁﬁg /f&f?fégé is RRENTBE 38, - WS K. preumoniae

n-accordance wt Test Method 4352. Such

of at RBst ACCRBicak) & cr Bx&llint.0fltkinkiivalytan aceeptakde Eaelf will &ist if the log
aureus or K pneunoniae of at least 0.1 '.gcr ease over. ..

kill eapeseroate. thy EherpiIvaIeylor B BeEb 4bP8 Sp Y Fforgg antimicrobia

ist if. the | i G bialfree
w5 i 5 B s oo A o B i

reate I nor gani c
vulcafiYed RivbePRiisle). Retdaddly! thbledog Rill latd tesel{elintreass atecaifeast 0.3
0.5 1og kill rate increase over contro

and Oct réspeativelyi fak Sf qureus angd Ié.Wg}g@ﬂiﬂ@;ﬂ@@qe.paéfga@iyet}lgse log kill rates are
0.5 ) pgsanech ey, g Brabafif o6 el 1. PEREARER, Douse

Vel
rvely r reus "an

the high RASHERAI 188 kil Rk B¢ ALK Ridhdt thiieHe baegink dil theataaitude of 5.0
re 0.5 and 0.5, respectively; and nost preferably
(99.900%del] aate). 1Ay mbrlinbedyeonds pustdfeetnge, aoperiele s&Wels t he
hi gh end of such log kill rates are nmuch hi gher than
t he baseline, on the magnitude of 5.0

However, log kill rates which are negative in number are also acceptable for this
invention as long as such measurements are better than that recorded for correlated non-
treated rubber articles. In such an instance, the antimicrobial material present within the

rubber article at least exhibits a hindrance to microbe growth. Furthermore, such rubber
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(99.999% kill rate). Any rate in between is thus, of

course, acceptable as well. However, log kill rates
waokigho@re negative in nunber are al so accept abUBUSIIN4/009580

this invention as long as such neasurenents are

better than that recorded for correlated non- 30

treated rubber articles. Ingjsuch an inst ance t he

e} S0 PSS BESSE T e} D6k PR, suh .
bber WO 2004/ 096902
Pseud%r%ﬁfi@%%%e@ Sg}ie{%g%{wf(gﬁjese;houl d exhibit log kill
r at (ﬁs of trFr)e sgrre degree for other types of bacteria,
such as, seudonon d hi
1155 §50 bR S AR S0 WVEPRTh R B FVORT PBRNG fat LR
prov1c{) aﬂh?ﬁ?gl béﬁ\éﬁﬁt \(x?ellaarstahﬁlgﬁ?eﬂ@ﬂ baracteritioy. S@cranddatiifgiahare

S as V\B as antibacterial characteristics.
amongshlrﬁfbam%ﬁslatolrﬂpoﬁmds howaver, wahanngntamhng: schehinited to any particular

R T S B
artlcleas[mft\é%e in %Q%’ab n@@ G Alcked t'ﬁﬁuﬁhgm rop@RSs. @ SRMhple, it is

Surface 1 n great abu nce, provide

believed Gk ﬂﬁmnvaﬁﬁve‘ b forpmapeon shesld fFovide fiargel kill dulrahlhty of at least
believed that this inventive rubber fornul n _shou

15 sequentidldlays fon gagh wigpisige a%/émer&liluwgért andgposgi iYof%i B‘HXWGS Tt fungi

entia V.S, 0 I
mcludﬁrirggzg nzgﬁfdAggg 65&5 f’ge%%w&{s%?&gﬁﬂ?T?@ ﬁ%@?lr%iéi _’{I r’é‘clshggerma virens
ATCEbEsY, VAE@%S%@%CO@@%QUTQB@M@&OH IOBU6I wmer ba50Pide amgreater
Tri choderma virens ATCC 9645, when tested accordin
array bfpofesial Miifhogel bsefggethar ﬁomp@r@rdSt%aYdﬁrWP%reor&te&r‘@élPﬂ fhe target

pre-v@r 2y, of ‘g‘t?Ot et Il?’rh 612(55% F%Q@Jenpgrﬁg (éh t9§a %'iﬁb oxide, as one

examgl e-vul cani zed rubber formulation (and subsequent
rticle), such as zinc oxide, as one 15 exanple. O
great inportance to the effectiveness of the inventive

artjcles in terns,o ntim bi al
S bl SRR SER AR08 AU 00l o
ant1m§égbl§191r anka%ﬁﬁmgﬁpidtﬂﬁy 2088 biissAmCsT dlebdrus amdigts of sulfur—based
tives wni bi n Il ver (such as barium sul fa

curing bgdnes; a@&@lenfitbrsh amxhgddnteves sdhdch bing sitvesi(susk ax kmrraﬁbﬁrty filler

e dater Al RS BB S e v
belleéﬁ%ie&litflb 1ﬁt%h§ﬂg 'tﬁg b& bbb ¥my katficsseldntific &1%@@35 Fchat Wil reacts

2] erre ver - based anti m crobi al s and
with fhe lpﬁéferlire‘d éilv)er—bas“ed&ntlfmeacrsblhl\s end irsversflaly birids\s silver ions (as silver

sul fides, for, exanp thin.th bb
sulﬁd@mcfpbrxaamlr)c\rléhmtt%f‘érug GYWAQH@E}%HOHSE oF PHElsfERT %ﬁt il the
1esultS utl Sfl QF s?ﬂ%&%shetb HeSnbetil €44 éﬂéﬁm@ﬁ)b?ﬂ ta%éﬂt@ bbbl presence renders
presence renders 25 the final product

the ﬁﬁﬂtprmrfaf @rﬁirﬂicirc)blall}aﬁhcttme Thhs st hastbebrasedossary oquedwany

to produce a vulcanized ru er arti | acki n
vulcaaized sdibshpicleaelang a1y zgqprqqp?» q:gp(p% ga@ Scurmg %gentgf accelerators,

and a%gf%l%es? 13528 Sk should be appreciated that the term “appreciable amount” permits a
small amount to be present. It has been found that, as a molar ratio, a 1:1 ratio (and above)
between sulfur molar presence and silver molar presence results in a clear loss of
antimicrobial activity within the desired ultimate vulcanized article. However, greater molar
amounts of silver in relation to sulfur provide at least some antimicrobial properties to the

desired article. A molar ratio range of from about 0.25:1 to about 0.000000001:1 of sulfur to
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and additives therein. It should be appreciated that
the term "appreciable anount” permts a small anount

w0 eoobeqresent. It has been found that, as a nRCHIS2004/009580
ratio, a 1:1 ratio (and above) between sul fur nolar
presence and silver nolar presence results in a clear
| oss of 30 antimcrobial acfjvity within the desired

.. ultimate vul caniz arl.icle. However reat er I )
silver ppsniibe at Lt Roupatle IR Y LG rasaP (oo BRigfe of non
sulfur fBASE Fsﬁeﬁ@s QBISQH&IR)‘I 8Ph&@bxiE-BRRM oD olifd)if @rdedl @S proville the
article. A nolar ratio range of fromabout 0.25:1 to
desiredhatitni@oRIADAGONP Tortthe fubgedt fubbet.o WO 2004/ 096902
PCT/ US2004/ 009580 12 silver ions is thus at | east
acceptable. The primary curing agent, however, nust be
ot&lﬁ%ﬂ%lé ﬁ%glgéél{?l gtg& 16xilS Hirth P efits M SPP&MAti19Ed for vulcanization of

per oxi ound) in order to provide the _
rubbetipmivioaslyanich i fferet tapesad timig sgehtsrare het widslyedilized heyitable

5 Al t hough bi sphenol, and peroxi de curing agents have
vulcapigatior ReFA 5B EPT FETDCG (T GaRPIRSE P01 EHBP S0 cHERY geents are
much%#cg:rh .cgétytﬁﬁr? E’ttcm&a\f@ ?ﬁ‘lﬁﬁ‘fba 4 406308 MeSutAZatAPbT WMcHBiphenols

dtiTi’Zed as suitable  vulcam zati on catal ysts for

and/of p&rbgides, and sheliiceh as a adplacemstrier thEsnkmslistsed sormpowyls hae been
agents are much nore costly than standard

ratherduniter toraewly salirone Dassddubles o i ths XEgRRShmOgRRFbacterial rubber
. .bi sphen ' 1 ke, .

i, SR o PO R A1, D a0 o

dOndsatdenactel Riithashl fupbaged tlining adentso alkerhaibed to siivhenHunobase
compat tshe vg(r:y I elast_,_ non- anti%%cgt erial rubber articles., .

4

curedrdpileewas teustmg utilisatisnatsachseliestiye anfiraigrqhilipompounds within raw

anti.m crobi a ctivity. . _ _
ot T B o B SR o RPNy oy

based @nipsaidSath df rdaaseahilil ithigiteinohasliosas iduspgasilcanization
utilization of such effective antimcrobial conpounds .
curing/gdnitsy utilimatioarnd suel eamzAGNt WepBECOFHEY [oapgVide AfeHFghe, ultimate

. lLog Kjll rate effects., Thus, although non-sulfur 15

antm’bﬁ@‘@&“é‘ﬁﬁ%’é%ﬁﬁ‘&ﬁ"&%%&? readily utilized within the
non-silicone industry as vul cani zation curing agents,
utilization of such curing agents was necessar

t
prowprikengly, ibhdsertv been foimd that the inventive BbbeY aa‘t1c1>e/s lié)ted above are
.vul cani zed ruhkher. article. Suyrprisingl it h
LS et RS B B P B4 R O
imp o@?ﬁ’dﬁg wAth8he alrAMa A Rritntap okl oS e stRitdrMlinR s §hnd/or flexural

uri'ng agents in any appreci abl e anounts; nost
modilupaithanttbyr fomnitativhés improedue e eeceptabteeleveli and the efficacy of the

addjtives, the structur integrity.and/or flexural

antinjgygbial, OrBPOReHE %@Bé?nq‘giaﬂﬁf‘%@?a&ﬁo‘iy%y'i nproved to an
acceptable level, and the efficacy of the
anti m crobi al conponents can be controlled

SiThils} thB@0HBE Ygen? preftni svithimthecaw rulghea entulgsionde be vulcanized to

within the raw rubber formul atjon to be vul cani zed
form ftlesy iy ety e aniiep s b et past @Mty 58d Q{eff:r@aﬁ'ta? ieast About P59% by

weigflrtagf%rﬂotnyslﬂﬁp-ga&ﬁ%ﬁlﬁﬁg Qééﬁt.aks Idﬁ@(?gse@%ue, f280iNa1 sulfur and sulfur-

based catalysts will not work with the inventive antimicrobial formulations due to chemical
reactions between the sulfur atoms and the biocidal Ag+ion. However, non-sulfur-based
catalysts provide effective curing for the inventive raw rubber formulations, such as, for
example and without limitation, bisphenols, peroxides, and other oxide curing systems.

Peroxides include, for example, organic peroxides such as dicunyl peroxide, 2,5-bis(t-
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wei ght of a non-sul fur-based curing agent. As
di scussed above, traditional sulfur and sul fur- based

W@ ai0al9®ds will not work with the inventive  PCT/US2004/009580
antimcrobial fornulations due to chem cal reactions
between the sul fur atons and the biocidal Ag+ ion.
However, non-sul fur-based 3¢3catal ysts prow de

T L A N e
tnmeﬂhgf?] k@ﬁ)h%ne biRRERRY, 35 weR L Kidigmic FerexiabdeDxi@xs Belude, for

g systems. Peroxides include, for exanple,
examplegane oxideranditielks Shmasiriigagayts, Pearherelder exanplp, miy already
be 1nogg@2§cggérg3g§uq§u]g%% ﬁg%@g&ﬁg Oe m%nufactumng process. These curing

bOESHRRBOND.5 to ab thO art
agentgéhoﬁxg géﬁ‘e¥41ryl%% ng%?ﬂ 1?1%?{?3?% oo BB aon% out 100 parts per

hundﬂeﬂ !perts aSruWeérl (pﬂsr) monegpmfanab}yérm Ables. 1 t@)&bd@tss G pnblr ua@é most

| i k
prefergblefran aBpE He B QPP Ol Gt Fayie F a8 BgoRT Boe: s the
combrﬁﬁ81§ %?ﬁﬂnﬁ&otfﬁﬁféﬂéh\f%ﬁhfé@@fé&ﬁlgr ddep@r during the
manur ac

rrng process ese curing 5 agents should
generally be present in anount of fron1about 0.5to

e RN R R
of thenﬁ‘?ﬁ]emeﬁﬁgﬁe%rs‘fi‘ﬂ LYioh' QQASQQBHﬁ‘oljadH&V@p %Héelérgtoﬁ)é) Qﬁceléﬁﬂor activators,

er as one curing agent al one, or as

| antldég@mh&ahdﬂlﬂeﬂt alﬁ'ﬁsivcﬁu &ilelrantsf flathé tetardats t]gqmmgemfzmgﬁgemg

ents. 10 Ot her additives present wthin the 1
1ntema lnbricanvis apd|deadnreris Sugh seppenanicIheulddie rratent dkataflyin rather low
er ion rel ease control
mou&&d?fﬁ%sa atg(ﬁg(glttée%%g?(z%%ccel erator activators,
anti degradants, softeners, abrasives, colorants, flane

ret ardants, hoanenl zi ng agents internal | ubr| cant s
arlthascforberdrees com@nla&ﬁﬁb@r?eﬁﬂibéta%trﬁé iircgease iphe spfipactsrial and

antlﬁ%@)]ﬁqtjﬂg%?yﬂﬁ tehﬁrrqufeav HpQi \fvgg] %rﬁge 8%11?&185”11%8{{%? 8113'1§t Abrading

been conte

the sdrBRE oR MRSt AE1E Mhayipofihii® dfLeaseh 1h@ﬁckﬁﬂidr£lﬂ&tsﬁb$ ate ﬁ»nﬁh increase
antifungal efficacy may be provided on washi ng

in Agfti mles$re Howavernindusirialrlaynsiesng Aﬁ¢mm@bgﬁﬂ'@0§%ﬁ¢$ ﬁe@s,&pd the like)

an article may .per crea |
may G s SPBR e DRy P op el e Ry I g ipugle washing. In
fact, Mﬁ’%ﬁ‘?ﬁoreés@%@ diéAlly ﬁlﬁﬁﬂ%@@ W1ﬂhggr@efte&ﬁﬁﬁm§10ﬂ dokietent washes such
ducts (mats, and the like) 20 may provide inproved

that aambbafrl aﬂ:incdal aalﬁrstamﬂqammganay exthibit lowfet p@@t@l} aptipastegiel and antifungal

hi
activily @@alom RO 0Re ngyache S ieat Ui EP LA A0 s Gn e
stmd\ﬁﬁflggﬁsitéiﬁeiggtaﬁ%tifﬁghl B‘d{%ﬁ% &kh & |s§rpn§§1gfﬂeﬁ§ﬁt may permit utilization

wer overall anti bacteri al
of suétnehbbert articleg as ﬂO(atIIOIVBmlth (mlatasnamre exbapldy alsch%éhoama@ﬁe@ﬂrpeted

one, two, three, and oat tinmes (i
portiansedbese HGLFEAer Aloy ‘nyn%a‘i’?ﬁ RihE) Frals (i, Bgifatue
propngéf&idsfeHIgceﬁeSBg&fiE gtiity 9@ hdWolredide!thZ &1ah@&k of machinery damage
during such industrial rotary launderings and dryings), and other articles which can be easily

washed within standard laundry machines.

Furthermore, as alluded to above, friction with the subject rubber article surface can

remove very slight layers of rubber from the article surface thereby permitting “fresh” silver-
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25 of such rubber articles as floor coverings (mats,

as one exanple, such as those with carpeted portions
woeoolo®e2 whi ch are rubber al one; particul arl yPEDEAA4/009580

rubber mats for antifatigue properties and reduced

specific gravity so as to reduce the chances of

machi nery damage during sugh industrial rotary

compr'b%ﬁg%ggt%ﬁ B b it %%afgﬁgﬁgﬂi i hadarerdih S £ffmea
capam't:lg%t {ggi’%/bgleﬁ‘sthé‘ LveReR drec1iaBRiced frbmlth® hvehfive ﬂabﬂubber

er article surface can renove very slight
formulaal‘jbﬁ leshibits b bbar dlépemm bianginticobil samm@s ¢hrphghaab the entire rubber

permtting "fresh” 2004/09
amclep@npmgg o0 GousBon of wac?m %@hgw B aticlg hyspgovides 2
reservgn é’/f f%Sn b s@ﬁfte nga?n?ih%ﬁg Hidtilid Shdia1BB idPaks B lof the rubber are
or antitunga capacities. Basically, théen, the
worn aﬂ&/zﬂﬁr&dédewaiyt arctingicyobind paréidle comrinires umapget isibecrrions become
rubber fornulation exhibits an even dispersion of
availalét i mi crobi al particles throughout the entire rubber
article. Such an even di spersion of the biocide
t hroughout the rubber article thus provides a 5

I §56 hY¥eTbrredhor- 61881 core Sililel ittiekes of thiminvemiprt dvataining the
biocidal netallic ion. As |layers_ of the rubber ﬂent

antimwmmalaggntampmoc@w infaAURYeF ARSI éithiJh?}‘El}ﬂalF gxce
S0 P Ol BRROL B tet) A ol

lifetinhd) VIERnh$18s STdthéd sitmaibbieartidles avbitpassedithin thjemventam include,

be processed into rubber articles which exhibit
but arexorliméad to kard ryhber m@tsaq;tatéfu@mlpqtg@ rgkbsganats, ggtl fatlgue rubber

mats, ﬂ%qegnpgc Obi‘l.ﬁai‘lillg({h{lci?;l fals IF% I[u%H&rlﬂH{ 51.@ eru[)fil(%té%{d and gaskets,

1'es "of other’ 'suc

rubbegfrfe'dféaﬁéo&l@ CRBPASESES) W'u'blBBr Mnddidas deviventibder ¢dm7bytdé),elts rubber
ut are not limted to hard rubber mats, static

belts alidssibbert whesls usot ér qudtpsoce@emg, rkher gloghingwakher Sh%ﬂssmbbef boots,

rubberﬁgf br?g, 'aggt Ve\:'g%liggo ngﬁlg%g% 2§ucf151|mt?ee It &%Hgﬁudnls %y also be

& inth WRREK 1 LRYESbbet tRRRY in FRHLIC e aﬂﬁﬁh@@ﬁlal dg¢hbemn be
““””%Q%%eyﬁr bel fgggrubbef bel ts and rubber wheel s used

incorporateddntopny sesaierigyer pub#B provide thadesired ppiépicsehidefficiency.
rubber boots, rubber tubing, and rubber autonotive
fuel hoses. Such i nventive formul ati ons may al so be

' r@iﬁ’é}aﬁ’@ﬁﬁ&ﬁﬂte&&} B tﬁ%%ﬁﬂléﬂﬁhﬁﬁlléyé%%b@éﬂahﬁdl& Wierein at least

e antimcro agent can be i ncorporated
one off Biich r@Byerdaydraehibinthe desired 2mt1n11d:ro‘plabwtﬁ/'ethahé tlheds mede from an

anti m crobi al eff|C|enc 20 O k Bﬁere rhaesnm
invengiNe NP HRY G ROSIIPTSRERERInE s it el e y
be adg%rgfifg?‘thef ?ﬁ]’gu@{ O%V&llgarﬁ%%ﬁr %lhﬂié,ﬁ%‘ﬁt tﬁxé MRS Fuﬂtllih@more layers of

antim activi us i's made from
other&bes of materials may be placed between the 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.

Description of the Preferred Embodiments

Inventive Raw Rubber Formulations
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i nventive non-sul fur cured, non-silicone containing
rubber article. Such |ayered articles may be adhered
Wo ogeh®n2 t hr ough co-vul cani zation, gluing, anBCT/E2004/009580
like. Furthernore, layers of 25 other types of
materials may be pl aced betmeen the rubber |ayers as
wel |l to provide, as one ofy limting property, better

riicle The (RKE Vﬁ?@%i@#ﬁm&@' ents of

Compbli§ € rubber forrrul ations and artl cles are di gmsised

Fluoras a@%r S Rilb % %IOHI %1\31;2%&1 ids (F)gﬂ t he 100 parts
N99031ﬂ@%¢§ﬁ Blaes B@t 902 PCT/ usz\c,>v04>J 009580 296’9]‘“
Magne(srwerrrrlrevrz) BASE FORMULATI ON 1 Conponent Anount PP

Calcivgh bydroridast oner Rubber (Dai-el G751 from Dai ki Q pphr
Antimicrdbist (AIRHASANIE® RC2000 famtMillikgnd @Gimapday] CABOP /¢ BY B&Heht
+*Bispakadladiiéd ponto 26mppinidisg. Magnesi um oxi de 3 pphr

Cal ci um hydroxi de 6 pphr Antim crobi al (ALPHASAN(r)

RCZOOOfrolillken&Co 2%

*Bi sphenol ao(diHUE@rTléffE)tliA rhy&iﬁm}iﬁhé’rl@ %l NVENTI VE)
Com BASE FORMULATI ON 2 Conponent Anmount  Fl uor oel a

L e L ) gﬁﬁ

N990ﬁ1a04<t(€r°tB(B1110911b09br3@k le9op rogyl)benzene (14/ 40
di-(teviVsh)yl-DepplyrisdBopyl)benzene (14/40 from AKM
di-(tedlibufyl petoxutietytic plyhexana@OM fay Al x ane (293/ Imlﬂf
Antinfi&881a HASARN® RCA000 fogt Biliiakn SACRHASAN( r) RORDYGveight
fromMIliken & Conmpany) 2% by wei ght (1 NVENTI VE)
BASE FORMULATI ON 3 Conponent Anpunt 20
Epi chl or ohydr (INVENDEVE) B 8Ei FORMODATION S Zeon
Chem cal s) 100 parts FEF N550 (CABOT car bon blﬁmk

Compongnter) 50 %{zrunt
EplleIﬂ.QI’bhﬁh‘%n ]&Qjﬂ%p rE}Eprlydnl\r/ll ’J_§3t0r081r1L\ﬁ%Fr)r? %reon gﬁ%ﬂﬁ% ym sili parts
FEF N550 (CABOT carbon black filler) 50 pphr
Mistron Vapour (Magnesium silicate filler) 20 pphr
Di-isodecyl phthalate (DIDP) (plasticizer oil from AKM) 10 pphr
Calcium Oxide 3 pphr
Dicumyl Peroxide/40ke 3 pphr
Aflux 54 (pentaerythritol tetrastearate process aid from Rhein-chemie) 2 pphr
Diphenyl Guanadiene (curative) 1 pphr
TMQ (antioxidant) 0.5 pphr
Stearic Acid (available from AKM) 0.25 pphr

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

(INVENTIVE) BASE FORMULATION 4

Component Amount
Polybutadiene Rubber (BR1220 from Enichem) 100 parts
Mistron Vapour 20 pphr
FEF N550 Black 20 pphr
Paraffinic oil 10 pphr
Zinc Oxide Active (available from Bayer) 5 pphr
Aflux 54 2 pphr
di-(tert-butyl-peroxy-isopropyl)benzene (14/40 from AKM) 1.5 pphr
di-(tert-butyl-peroxy-trimethyl)cyclohexane (29/40 from AKM) 1.5 pphr
Stearic Acid 1 pphr
CPL (antioxidant from AKM) 1 pphr

Antimicrobial (ALPHASAN® RC2000 from Milliken & Company) 2% by weight
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Di -i sodecyl phthalate (DI DP) (plasticizer oil from
AKM 10 pphr  Cal ci um Oxi de 3 pphr 25 Di cunyl
weeeoandedel 40ke 3 pphr Afl ux 54 (pentaerythritBCT/US2004/009580
tetrastearate process aid from Rhein-chem e) 2 pphr
Di phenyl Guanadi ene (curative) 1 pphr TMQ
(antioxidant) 0.5 pphr Ste/ggic Acid (available from

AKM 0. 25 pphr_ 30 Ant | )é:ég @Bmk@f%'zﬁgg

from M I1i kerdEVENY

BASE FORMULATI ON 4 Conponent Anount  Pol ybut adigf6unt

Com ) ! Aaneunt
Polyc@%a%%E%e%x%éﬁ&%%%@%’f%%P*ﬁ%ﬂt@é‘m ® parafti noiat

Mistrogp Zinc Oxide Active (available fr S;JPP%}
om Bayer

FEF NSRrblagl | ux 54 2 pphr 40 Y S0 pphr

DIDPdi - (tert-butyl - peroxy-i sopropyl)benzene (14/40 15 phy

MagnéfuOxlidS (qvpiiable from AKM) 4 pphr

Aflux@ig- (tert-butyl - peroxy-trinetl hyl)cycl ohexane (29%ph®
14/40f rom AK-M 1.5 pphr Stearic Acid 1 pphr CPL 2 pphr
20/40( @ntioxidant from AKM 1 pphr Antim crobi al 2 pphr
Stearié\é#:P SAN(r) RC2000 from M1 Iliken & Conpany) 2%%31“

g AR o T

Pol ychl or opr ene Rubber (Neoprene WRT from Dupont) 100

parts M Stroﬁ%%%%&?@éﬂ?mﬁ@%“k 30 pphr

DI DP 15 pphr aval l able from AKM 4
CompoRbit Afl ux 54 2 pphr Amount
Styrene Butadiene Rubber (SBR 1502 from Enichem) 100 parts
Mistron Vapour (magnesium silicate filler from Luzanac) 25 pphr
FEF N550 (Cabot carbon black filler) 25 pphr
Brisol 300 (available from AKM) 20 pphr
Zinc Oxide Active (available from Bayer) 5 pphr
Aflux 54 (pentaerythritol tetrastearate process aid from Rhein-chemie) 2 pphr
di-(tert-butyl-peroxy-isopropyl)benzene (14/40 from AKM) 2 pphr
di-(tert-butyl-peroxy-trimethyl)cyclohexane (29/40 from AKM) 2 pphr
CPL (antioxidant available from AKM) 1 pphr
Stearic Acid (available from AKM) 0.5 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 AgNaH,Zr,(POys)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

temperature of 120°C is reached on single stage (pass) mixing through an internal mixer. The

compounds can be further processed after mixing into specific forms to allow adequate
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14/40 2 pphr 10 29/40 2 pphr Stearic Acid 1 pphr

Antim crobial (ALPHASAN(r) RC2000 fromMIliken &
w@ooparspy2 2% by wei ght (1 NVENTI VE) BASE FORMULETT/OB2064/009580

15 Conponent Anmount Styrene Butadi ene Rubber (SBR

1502 from Eni chen) 100 parts M stron Vapour

(magnesium silicate filler Jij om Luzanac) 25 pphr FEF

b i 1 i ot

granu% &{ QM BRYA! thbRcdidand Préfpniad into specific shaped blanks.
aeryt ri'tol” tetrastearate process aid from

Rhei n-chem e) 2 pphr
tert-butyl-pero
Aﬁhé cw@tm);l of the cox){p 1)11 e %%eof(r% /dﬂrl% (compresswn

transf%jr nﬁqéci{gm t&gﬁﬁfﬁhoﬂ? EﬂﬁYsﬁ %'@MW&&Q B@Pﬁﬁ@ﬁbl@ HfHlave and hot

ti1 oxl dant avail abl e Trom AKM
air), add E@hfng@ﬁ}&\ﬁ@damﬁaﬁ@m (tu(ea\tanpe&bﬂueesfcm maneglsilﬂonﬁ)lwﬁﬁbﬂmﬂsmc In
Antim crobial (ALPHASAN(r) RC2000 from M
this sr(g@rﬁyaﬂga)at1@%ﬂgg/ru@}g¢r@mclespﬁ@r§@a}eﬁd,@'ﬁqi p*g% rg rrllq} 5gggtures and then

o B O AL R R ) e

i on-exchange zirconi um phosphate salt, 30 exhibiting
-10% g+ concent ration and including
Vi i Zad R ubdban A Mo Bas@ﬁﬂrmﬂlatloaé ot her

c oent S % by ht f
CRROENLS Ao BBy F G RO & for e i
rubbel BrtRE. BREOLEErlakticl@Rad MiBEREd indnRfuco@saR I&x&xdtfolmiaelutlon
ere intensive mxing within the polyner natrix

(sodiuoh phasphated fpGrdwurspihielextraievas| th@eanab@pd Ry mcw@tlmlx icwgpled

plasn%ng%tastgwg%nts lgza)?r%géu%%l f }ax%ﬂ%@f ﬁlger T I{necﬁf?d frgﬂleth'é Qrticle surface.

Basegjy orbkioh e?(ﬁﬁ)%fe@ ltOtlgtp PR’ adll €370 Ag/eind Bul(féb%@ﬁlﬁlﬂt)ble Ag+ ions.
oes not take place during processing. CGenerally, a

maxi mum tenperature of 120C is reached on si ngl e

coohR el G ebrep puRBUeE clErE ar S S o Agoviously
dlscu%%% {Eﬁ%«al&?%ggt atl‘%tead é’é(t&QEagiJﬁtS g2 200410860 F ovide maximum

pr esentation for manufacturi ng
log killneduqiondifict 34 hf.ﬁtrs sﬁorGSb ulcbubwhen tasteden iaprprdange muti ARCC Test

Method 6538 and for K. pneumoniae when tested in accordance with ATCC Test Method

4352. Accordingly, it is believed that the silver elution results shown above provide highly

desirable long-term antimicrobial characteristics within the cured rubber article.

Testing of Vulcanized Rubber Articles — Base Formulations 3, 4 and 5

Experimental Tables 1 and 2 list the antibacterial activity of these inventive and
comparative samples. The antimicrobial tests followed were ATCC Test Method 6538 for
Staphylococcus aureus and ATCC Test Method 4352 for Klebsiella pneumoniae. The

internal control was created using a polypropylene plaque.
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granul ation/pelletization, strip form fabrication and
preformng into specific shaped bl anks. The

wao oganioant i on of the conmpounds can be in the POF/ISD4/009580
nol di ng (conpression, 5 transfer, injection),
conti nuous extrusion (LCM UHF[ where perm ssible],
aut ocl ave and hot air), andggcoatings. The

vul cani zation (cu range from 150C

to 250C. In thi s@%%%ﬁﬁm%gﬁ?%ﬁﬁ he rubber

ar ti cl es ener SRS R REntd§fantaugh RIBBer strticles fres and

then subj e%'?%l&é?)cé’&&l cﬁﬁ‘%si%id‘]@l@bﬁ&@%nemn%iae
nd pressure.

t enper at ur e al resting of Vul canized

Rubber Articles - Base Fornul ati LSilver-ion.
extraction (or, silyer_elution) \?@Ig %]‘ re\lcxiél(r?téo%‘g%‘]ulrt?hmﬁle%)n.trOI
SampieD t he j nvent i VM%E%U r article. TM" nepgioniac

RubbggBorimwhationdd i n dividereBydisal t ext r ae?$ on sol ution 3-52
Rubb¢sBetinmtatiphels phat @olftetadienehours; the 2%8 ract was t heh04
RubbarnBdrtagaion)s i ndudalycdloroprengl ed pl ashBS measur enent s3.52
Max.f[Q J@jmeasur ement  of avail abl e silver2.9&noved from the2
article surface. 15 Base Formulation 1 exhibited 1.049
ppb/ cn2 and 16. 570 ng/cnR surface avail abl e Ag+ ions.
Thilss, thhénvientrenformelations poeided friviehtiexivig eamized|rhiblepr articles that
_release of silver.ions.. As pr.evi ou di. scussed
exhibypf FEPIOFPY AT BRICEDI APRTIEY Qe &Eé&?l&ffJO%%L&ﬁtl%%sémﬂboﬂéﬁ%y is
i ' ' i ' i 9B1yBhifaflene rubber
B o e
articl&Teachbd shax2uidb g kil ©8EGicarfdr §.anréuspwhileths epechidrehydrin and
tested in accordance w gj ATCC, Test t hod . 4352.
polychkseprgnaigrghedimaxigupdog kbedpefign PhE RITYEII ot | on
results shown above provide highly desirable
| ong-term antimcrobial characteristics within the
c uriedntethive artidsivekieForfagitiong 3afd udboaaivzechlRutekted for silver ion
Articles - Base Fornulations 3, 4 and 5

5
eluticmgiéhq ariiples] suntaes rath vetarrians! affes epanare T aeles faepeatcd

vit ; . . - .
B
were 8@ rde@lin arPh@RbBYY @asest@lgodutonaselidm@hodsiate) Mt Tolburs; the

4352 for Klebsiella pneunaoniae. The internal control
extragigEaschem ansdlyzgd by @nchlcgmly 9@1@594 gllargmg, p@aﬂ)@j@mg@s {ign 2 measurement of

2004/ 096902 RCT/ US2004/:009 ! BLE 1
wvaiLggle S B TP R O SO iV RP TS ATDEr T ol s

for Staphyl ococcus aureus and Kl ebsiella pneunoni ae 5

log kill reduction vs. internal control Sanple ID
Rubber ID S. aur edEXRERIMENKALcTABLE 2

Available Surface Silver Ions of Inventive Rubber Articles

Sample ID Rubber Type wash cycles  ppb of bio-available Ag'/cm®
Formulation 3 Epichlorohydrin 0 wash 0.126
Formulation 3 Epichlorohydrin 20 wash 0.155
Formulation 4 Polybutadiene 0 wash 0.887
Formulation 4 Polybutadiene 20 wash 2.836

Thus, surprisingly, the amount of available silver ions increased dramatically not just
from the article’s finished state, but also up to (and beyond) twenty standard washes. Such an
unexpected benefit thus provides the user with an antimicrobial structure, such as a mat, that

actually increases its antimicrobial efficacy during use.
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Formul ati on 4 Pol ybut adi ene 2.98 3.04 Rubber

wo-o00adev: on 5 Pol ychl oroprene 2.58 3.52 10 MERCT/LSIP04/009580
Dill 2.98 3.52 Thus, the inventive fornulations
provi ded inventive vul cani zed rubber articles that
exhi bited i rrpr oved antim crofg al activity over the

Testigsgagggﬁﬁcanw%é Lo A’1‘41£1%9U£Bgse YorAdgflerobial compounds
pecrTrearty, P otrydrin and

POt R LRBRL fdst@lzsnmﬂz&i ﬁreltel Az’r@s ’IfeGﬁMIé&x@dTMZB W SthS¥lococcus
kill reduction for S. aureus, while the

aurezesrﬂrldmmﬁ Hhedr Mathad 4353 @th@@lbwf@ﬁ@oﬁ@éc Hag intesaiahemntrol was

ercatP iy o (U bt Mot Kive 3P B P40l auction of

2.98 {8 8@ BB 5Y b K Pheumbidab. O'Fh@hakﬁﬁurﬁﬂég Eilllg@8duction values
surface both before and after exposure of the articles

obtained werpea®&ibr S0aweanatat B52 futUs toremonmiash cycl es (35 | b.
| oads). To neasure eluted silver, the target articles
were imersed in an aqueous salt extraction solution
( Sﬁ%sufﬁeﬁﬂ&éiﬁbéfcﬁ?nuiﬁon%ﬁoﬁ@éﬁ ﬁl 1n£/§}ﬁlve%l(faﬁ%d Y@sbek heile
anal yzed by i1 nductively coupled plasma neasurenents

that e‘xrhrbmdnmamyaé petihicodbialaetivitabve ted Javer formewistien withont any

t.he articles' surfac ul are.as_fol lows:
antingiGiobRl VRO RSB SREA A DR AHEIEehSied PG log il
redudtiP% G0 bd’tﬁgRb‘L?}é% aff X eﬁﬁzo%gp' e | D Rubber Type wash

cycles pp bi o-available A +g /cn2 Fornul ation 3

Epi chl orohydrin O vvash 0.126 30 Fornul ation 3

Epl @%ﬁg%@%%@e égg \!h\l%% ?eggeﬁlfgg@}vf%g {C%?fghgt#%t the article surface both

Y T
loads) OtToJml@Eure%ﬁltéd ﬁmet hiee @rget attieleswid inirsdredt mtmtaquedmstsalt extracuon
up to (and_beyond) twenty standard washes.

solutm (Sfememn@eﬁﬁatea é?re% hours; ke Wt wasthem analwzsd by lflﬁuféwely
courf IR ABIFlen S IEH U RIS AT o Bl o APl BRl bl e i
surfad® OFh OREAO2ar PesT folI5RQ04/ 009580 19 Testl ng of
Vul cani zed Rubber Articles - Base Formulation 6 The
antim crobial testgxpgiRISVENTAR! §ABIF 3 Test Met hod
6538 for Staphyl ococcus aureus and ATCC Test Met hod
4352 for Iedh»emleShig(aqmﬁbmfuna@flnvhmmerﬂzébwaﬂltccémt r ol

Wwas
Sample ID Rubber Type wash cycles  ppb of bio-available A,q“h/cm2
Formulation 6 SBR 0 wash 0.356
Formulation 6 SBR 20 wash 1.571

Thus, surprisingly, the amount of available silver ions increased dramatically not just
from the article’s finished state, but also up to (and beyond) twenty standard washes. Such an
unexpected benefit thus provides the user with an antimicrobial structure, such as a mat, that

actually increases its antimicrobial efficacy during use.

Having described the invention in detail, it is obvious that one skilled in the art will be
able to make variations and modifications thereto without departing from the scope of the
present invention. Accordingly, the scope of the present invention should be determined only

by the claims appended hereto.
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created using a pol ypropyl ene plaque. Base Formul ation
6 exhibited a log kill reduction of 5 2.98 for S
waeooegsend 3.52 for K. pneunoni ae. The maxi mupCT/O82004/009580

kill reduction values obtained were 2.98 for S.
aureus and 3.52 for K. pneunoniae. Thus, the inventive
formul ati on provided an inventive vul cani zed rubber
article that exhibited | AﬁN’fod antim crobi al
activity over the sane formu lon without any 10
antim crobial conpounds present. Specifically, the SBR
article achi eved rmX| mum |l og kill  reduction for both

L. s 2y disuensionallxstable yitsanized rubber arHclespIpEsEeal kagt agagjority of

t est f I
ﬂuorg«ﬂ? Qmer rggl%% aggefieaéf% 81? %ayed ﬁlﬁnﬁéro{)ﬁ??&#ﬁgﬂgﬁ yﬁhgieén said

ore Jand att er exposure o
rubbdrQrti @9 eHisits Skveneatich hnthasd dfiadlecavalshng/al asief Bbhbrs edfosure at
| oads). To neasure eluted silver, the target article
roomyemsperatves, sed Whereim said adisissonsionellysamprises shlcas engsilew ion release
tgﬁ(g'ﬁmphosphate) for 24 hours; the extract was then
contrghaddilVey by i nductively coupled pl asma measur ement s
for a measurenment of avail able silver renoved fromthe

article surface. The results are as follows: _
2. EXPHRENENEARTERBMECIZiNE O whesdin abifl ert@ly ¢xdakitssillvorelutiemnat a rate
f Inventivye.Rubber Article Sanpl D Rubber Type wash
of at &?Etl ggnﬁfﬁﬁl aftergf JAUH PIROBYE aimwnégn %Errpf AL mul ation 6
SBR 0 wash _ 0.356 Fornulation 6 SBR 20 wash 1.571 25
Thus, surprisingly, the anount of available silver
3. i onShencbleaseitladoiztatn ¢ azﬂieyeim smdjsumr-ba{serdﬁntmgrobml
article's finished state, sou e nd.
comH%ﬂeSyseé,%Eﬁldﬁw Rt cotsisge afetieg b%ﬁvteéoﬁ g dlver sals,
silvet f&ﬂ%x@ﬁ gé B8 Spblfls USREr ﬂ@o‘hhss af1v@PE1a88e6T8R1a8Y mixtures thereof,
structur }8 as’ a mat, that actually increases its
anti m crobi aI ef fi cacy dur i ng use. 30 Having described
the invention. in t ai it.is oustht ane
4. si; IVGbher GRG0 Clafn i horein By & st SIet g P!
relea?@?ddﬁﬂ%'lgkaﬁe@éﬂtons thereto wi thout departing fromthe
scope o resent invention. Accordingly, the
scope of the present invention should be determ ned
only by the cl ai rrs appended her eto. WO 2004/,096902
5. pCT/Thstther o0t Clonh drjoven Said apleast B SlETAPT gontrol
r
relea%éa jﬁgllrlt?\{e yly (Isffclog&%cfﬁgrrn ot}ei%) gleciug%rofél& %bog?imfé 3119 931%%%1%’[? %ﬁﬁs Qntistatic
agens| dndedirylisadedthtiest.cr obi al conpound, vvher ein said

6. The rubber article of Claim 5 wherein said at least one silver ion control
release additive is a filler selected from the group consisting of carbon black, magnesium

oxide, calcium hydroxide, and any mixtures thereof.

7. A pre-vulcanized rubber formulation comprising at least one rubber constituent,
the majority of which must be fluoroelastomer rubber, at least one silver-based antimicrobial
compound and at least one curing compound, wherein all of said curing compound present

within said formulation does not include an appreciable amount of sulfur-based compounds,
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5 rubber article exhibits silver elution at a rate of
at least 1.5 ng/cnR after 24 hours exposure at room

wao eovpesa@dur e, and wherein said article optionaPCHUS2004/009580
conprises at |l east one silver ion release contro
additive. 2. The rubber article of Caim1l wherein
said article exhibits silvenjelution at a rate 10 of

l. t 2. . .
st e 9B LA SRUER-SIRRLEA oh o0y on
releasedodirsl dadafvebased anti mi crobi al conmpound is sel ected

fromthe group consisting of elenental silver, silver
oxi des, silver salts, silver ion exchange conpounds,

f :qle:lfglgplzb%fg% Z‘I%%Jﬁﬁlélnl Egg%& \rN?lEIG n s%fc? sig%}[-bgge t V\Lgﬁcroblal

comp%ah&ilsasteleb@aﬂon@ﬂﬁ &by &Insis@Aig 6081EmBhtal JiRkE I Gerafkiids] dBrer salts,
is present. 5. The rubber article of Claim4 wherein

silversiah @xeltanpeeasapamds.silveteolitss, sslupt glajsegend emegeures thereof.
additive is selected fromthe group consisting of
fillers, oils, pignents, salts, antistatic agents,
9, and T@l@lfuﬁ’ﬂei‘?diﬁﬁfatfoﬁf%ff €im ’ﬁwha_ﬂéﬁl Jautb&81ngdokigolid @bmprises a
Caimb5 wherein said at |east one silver ion contro
majorityl amammt hyldieight ef atdeast dnd bisphepel. ect ed from the group
consi sting of carbon bl ack, nagnesium 25 oxide,
cal ci um hydroxi de, and any mixtures thereof. 7. A
pre AfFises a
0. R A e R e oo AP
majofityumn@et by tveight of atdbast pnaperbedst one sil ver - based
antim crobial conmpound and at | east one curing
conpound, wherein all of said curing conpound present
. 30 wh rf‘ht{he? Arthul Sy @151?‘?7 %@élrp&tld hinelsydge ﬁ[’ver ion control
appreci abl e anount o ur- based conpounds, 20 WO
releaé’dﬂﬂ@&tﬁ&ﬁ@ﬁ&sﬁﬁ/ US2004/ 009580 21 and wherein said
rubber fornulation optionally conprises at |east at
| east one silver ion release control additive. 8. The
r ubker [
12. si | \h;@r r{l)asgg[l rﬁlﬁl{l#%ngrfc@ ﬁ-} F]‘B‘Z]h%%%lgngle%@ dglglsgg%regnfc (r)%tﬁ?l
releatdeRldgiveupseleiad Sbinrte gioup |cen@mn;gl of Silllewse bils, Piguetts, salts, antistatic
oxi des, silver salts, silver ion exchange conpounds,
agenisj andeany zeisiesdhereat. | ver gl asses, and any mi xtures
thereof. 9. The rubber fornulation of Caim?7 wherein
said curing conpound conprises a nmjority anmount by

13. Wei aite r@bbed forhR@fionWTE 1 hins Phehedein said at least one silver ion control
release additive is a filler selected from the group consisting of carbon black, magnesium

oxide, calcium hydroxide, and any mixtures thereof.

14. 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 7, molding said rubber formulation into a preselected shape, and

vulcanizing said rubber formulation under high pressure and exposure to high temperature.
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10 10. The rubber formulation of Claim?7 wherein said
curing conpound conprises a nmgjority anount by wei ght
wo@pooatodoenst one peroxide. 11. The rubber for mdCEHUSZINNG/009580
of Claim7 wherein said at | east one silver ion
control 15 release additive is present. 12. The
rubber formulation of Claimgl where said at |east one
silver ion control release. additi ] §elect g from
15, t heA g¥Rhep CoBRSHLQT FRIRISIES 3rt|1“éf’tSE°neo¢(‘f°§°e E
Qﬁn{ig ¢ btaE\anr S@inicrobial
Comp%%hﬂét le%%té)hﬂigs%e Ofl ¢ i% Pgﬁg%?méaég}ofin E}illg‘%i,v\,her ein said
agent,aihd lopasiallgrenprisingrat icast aestlvalion rd¢asasenteddilditive. i s a
filler selected fromthe group consisting of carbon
black nagnesiun1 oxi de, cal ci um hydroxi de, and any
T
16. | AR {&!I;lglp&%orh&gn@mm tgﬁigh&gesft?lﬁorfggggg%gﬂg?g% -
comp@int, it hgindlpefhkédaaair@piagtrtca 1easmrms1lszengaste& @n’smlep@bl@lf agent,
conpoundlng together the unvul cani zed ﬁ%ﬁ
and optenmally sepRsiBg aideast e Silve IR lﬁéa%f’a‘foal 1ol

formulation into a presel ected shape, and vulcanizing
sai d rubber fornulation under high pressure and

17. exp@sishsohallhitghle vekperal ubker artdlle 2dmN3iAHBUILED @90ority of a
PCT/ US2004/ 009580 22 15. A rubber conp

It
rubber mmmu@ntrﬁ@le&tem ﬁefsrgtth%gr@up PRIHYBE 85 ?@%Pf@dﬁ%’g ?ubb o,
pOlyb}ltéglgo NER i)brs {}rgﬁlago %&pﬂi %Lb/ n%#ﬁiréawtggl%gﬁ tang adadlone

s11ve1%§é@£ﬁﬂ1¥ro§ﬁﬂ@6m§b1ﬁm dthele@asiid ﬁibeelsartwle fexhibits te laHsates in
control additive. 16. A rubber conposition

accordzomp mithi mlgcatTdsteMﬁhodrﬁé 38 froYterdvlosoers aurers s ATCC Test

et € R ey PP e e R Tt B A 828 Wb hosure at room

tempéi’ﬁ’chfeoﬁﬁ’d WheeRdd §ﬂt1@& c?hoheﬁ@&ionﬁﬁ?ﬁessaﬂ ¥k oh®silveeimaskase
contfol additive. di mensional l y stabl e

controlulddiive zad at mbmnemlﬁm%l astoipiei atha ghag sajdbgiler-Rased antimicrobial
majority of a 10 rubber constituent selected fromthe
compgyi¥hp consi sting of epichl orohydrin rubber,
pol ybut adi ene rubber, polychl oroprene rubber, and any
m xtures thereof, and at |east one silver-based
18, amhemilshepbitale cHtiabnnd wheten edié aﬁ@ﬂﬁjexh@hjbépg 51} yaggsdor

Staplpoeres 38 Fist ESTTPSEBERTE S Ot AN Sl PAdERs

exposure at room temperature.

19.  The rubber article of Claim 17 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.

20. The rubber article of Claim 17 wherein said at least one silver ion control

release additive is present.

21.  The rubber article of Claim 17 wherein said antifungal additive other than

said silver-based antimicrobial compound is present.
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Met hod 4352 for Klebsiella pneunoni ae of at least 1.0
each after 24 hours exposure at room 15 tenperature,
wana4oberei n said article optionally conpri sesPEr/Ubm®as009580
one silver ion release control additive, and at | east
one antifungal additive other than said silver-based
antim crobial conmpound. 18.p3The rubber article of
Claim17 wherein said article exhibits log kill rates
for 20 Staphyl ococcus aureus and Kl ebsiella
22. PrEnymBbaartdle of Cleal) whddeif 3gill adfdasirond4ilh@ubs control
exposure at roomtenperature. 19. The rubber article
releagsf additavieris sehcatpd frerihe aioyp sprsjeingted diigrsa Ails, mierpeHs. aplts, antistatic
ound . d fromthe group consisting of
ag@ﬂ@ﬁ%ﬁ%ﬁ?ﬁ?mén vé§&£§|lver oxi des, silver salts, 25
silver ion exchange conpounds, S|Iver zeolltes silver

gl asses, and any m xtures thereof. 20. The r ubber
23. arThembbofarglephClmiRerkerein saifl @t lvest amgsilverien gpmtrﬁér

releap RGN P BBy e b SRR Ao Mgl earates,

and AYRhikhy& @EReF than said silver-based antinicrobial
conmpound i s present. 22 WD 2004/ 096902

PCT/U82004/009580 23 22. The rubber article of daim

|
4. optRbBeufle o5 Clam B The R GoRins Pl BroTS Tofiehiic ng
oil sé?éctéd frdBrfe %&mb %ons@st&g%@wpafﬁ% bgi  prARd1As oAt hikd a@&ﬁﬁhﬁes

and any m xtures thereof. 23. rubber article of
there@f.ai m 22 wherein said at | east one silver ion control

rel ease additive is a hydrophilic filler selected from

the group consisting of silica, stearates, and any

25. anZA{l H{lt id-E¥1E 8RN cantEd 2bbey Q@icfe%%sﬁfgdt ‘Téa@t Q&aﬂr@ﬂf Bfa

er conprising at least o l'ic oil
rubbaebagitecht eloced fiengthe groupaossistingef epichﬂmohfcfrlrmubbm I,

pht hal ate oil, and any ure t her
poly BB et Ca S B Rers L B aé'tlelsﬁﬁshbétﬁ Ap ingrease in

s1lve# aaﬁ&l ﬁfh&?hl%ﬁé&féfd ﬁ;st for. sitver'e ?‘Lﬁf&ﬁr taﬁ?tﬂé ﬁﬁhg&fnezg

e group consisting epi ¢ oro ydrln rub
compwédy\bﬂh aubseqeent ubbﬁfremémdoﬂiﬂyfemlxﬁm eftertshiglraztifle whexpesad to
said article exhibits an increase in silver elutjion

twen{yrséandagchlaundegings pathin pstandard wdugiigh oty FReldpg macking

article production as

26. A pre-vulcanized rubber formulation comprising at least one rubber constituent,

the majority of which is selected from the group consisting of epichlorohydrin rubber,
polybutadiene rubber, polychloroprene rubber, and any mixture thereof; at least one silver-
based antimicrobial compound; and at least one curing compound, wherein all of said 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 comp(;und.

27. The rubber formulation of Claim 26 wherein said silver-based antimicrobial
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conpared with subsequent neasurenent for silver

elution after said article is exposed to twenty
w@t@adeqd2 | aunderings within a standard i ndust PCEIUS2004/009580

rotary washi ng machi ne. 20 26. A pre-vul cani zed rubber

formul ati on conprising at | east one rubber

constituent, the majority 4 which is selected from

comp%lg}edX;g ﬁ%ﬁ%?é %nSI tslgg p%fﬁgsﬁ%l R hl e'ie%]éﬁ%l sﬂv%u?ﬁ)\%lf bx1(§165 silver salts,

roprene ru

silver T EhEnd @R und S kilv @ 281it64) 8il vdrg¥REes, BABAL, mixtures thereof

antimcrobi al’ compound; and at |east one curing
compound, wherein all of said curing 25 conmpound

present w_.t hi on doges. not include an

D e Easb Rk Ao Sk Gre SR B peH gt

8@%{ s DS & Qofdbidtd Qe @RdtARAk by siGRABKIdEE Silver salts,
cotmp 1§5§1te oneO&E@O\;%\AEOr% ggent g at | east onerS| | ver ion
silverlfiel eaheangorntmiundg dﬂt/ar\zeohtas; dileer dlasasy, anhanyamitiugs gegreof.

additive other than said silver-based anti nm crobia

conpound. 30 27. The rubber fornulation of C aim26

L& Iyth 34 fdth 6di@Ridhe cARpARd
29, 08 U BRSO Sl Al 18 shuthe ook comprises »
majorfity@moulebwweight chadéast omependxidd.ement al  si l ver, silver

oxi des, silver salts, silver ion exchange conpounds,
siIver zeolites, silver glasses, and any m xtures

W&l &Qiber %(g’gxu-mﬁav e&fttgas L skl 548 g@foxge"’lb I 3Banic

mhereln sai ant|n1cro ral 5 conmpound is
pmpgﬁg ected fromthe group consisting of el enental

silver, silver oxides, silver salts, silver ion

exchange conmpounds, si | ver zeolites, silver glasses,

o?ﬂj&rﬁ%ﬁ 5 et %01%}%15191{ %6 %ﬁexeﬂpﬁd éjtlefsE 8£@’61’6W11§§ éé%ﬁt is

ereln sal nmpound conprises a

preseHpjorlty amount by wei ght of at Ieast one peroxide. 10
30. The rubber fornulation of Claim?29, wherein said
perOX|de is an organic peroxide. 31. The rubber

32. bIQ]aWI @l:t)eé Q???Jlﬁtgnaétg&%%s eﬁ%‘g}e%b?a%r% [Bhst Bg@&iveﬁ) ) coetrol

releage%dﬁyi\@tlé%s&ft G aim 26 wherein said at | east one
ilver ion control release additive is present. 20
33 The rubber formulati on of Claim 26 wherein said

gg‘%ﬁefﬁjl & B“P étﬁ)cl?%& t&lhn? 26 thlﬁ geélmauﬁ gnt%f‘uhé’;ﬁ LaB@SE Yther than

said silver-based antimicrobial compound is present.

34, 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 26, molding said rubber formulation into a preselected shape,
and vulcanizing said rubber formulation under high pressure and exposure to high

temperature.

35. A rubber composition comprising at least one rubber component, the majority of
which is selected from the group consisting of epichlorohydrin rubber, polybutadiene rubber,

polychloroprene rubber, and any mixture thereof; at least one
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34. A nethod of producing a rubber article exhibiting
| ong-1asting, regenerable antim crobial
w@banaeder i stics, conprising the steps of conpPCHUB2994/009580
t oget her the unvul cani zed 25 rubber fornmnulation of
Cl aim 26, nolding said rubber formulation into a
presel ected shape, and vul caqi zi ng said rubber

formyl ation der high pr ure .an u
perox g pRRARATE. A HoS R U LR Pl B LR
compﬁs%ﬁ’% Lt 1048 oﬁé’pﬁ%ﬁn§5’g‘éﬁﬂ RERhst ohb §ilVeERi6H teﬂéés@ﬁorﬁﬂﬂ whidicibie, and at
i's Selected fromthe group consisting o

least cepiantiftmgaladditive athey i, sajdloilybubasail éﬁf@nrqr@b@lrcompound
pol ychl or oprene rubber, and any m xture thereof; at
| east one 24 WO 2004/ 096902 PCT/ US2004/ 009580 25
P ?{ (ﬂﬁ‘leﬂﬁogzﬂw 5h189884niz R rubBR 2k ti QO Eorfiptid s atlased majority of
antimcro agent; and optionally conprising at
styrenb ®asidicnn eutieowndgf 1eeg;emlq siber-based tanmécrehipheampoynd, wherein said

rel ease contro)..additive, and at al
ribben e LTSEI KLaRs BLacoranehey i ATEES Tt e 4 7
Staph?ﬁg(gc%ﬂp Surens %@d ARCE TRPRIRNRI 4362 5b 2RI B sk ﬁiﬂéﬂnl&z@ae of at least
article conprising at least a majority of
1.0 eash yftere! Iuitrachipemercrativioer tearpdraiire] @ulsvhaein ssid ayéele ppserhlly

antim crobi al, conpoynd, wherein .said bber a
compgsasiapjeast qn@@ﬂp(?q ipn Feﬁ@a@g congral @é&h&&n@g At 0&?&&{ {?Aélggl additive

3 Lsg aureus and ATCC Test
Otherk%%lﬁgg ggélgb%sgé a?éﬁh%gﬂ%gl% %ﬁeuanoni ae of at | east
1.0 each after 24 hours exposure at roomtenperature,
and wherein said article optiognally 10, conprjses, at
37. | ddisruie amql%fr ok 36 BibERR - Rt SIS KT 3168 o
ast one iy 24 h
staphyBicnS ey KPRl B hoBae B st DO RBlthr 2 hours
exposﬁféé_t(ib@mqém ratum 36 wherein said article exhibits | og

kill rates for Staphyl ococcus aureus and Kl ebsi eI | a
pneurmnl ae of at least 2.0 each after 24 hours

38. of 1&11101l e Ly %gﬁfmlﬁeg. elci salg’g Iyl é&ﬁl@lﬁ{leﬁ'ﬁ)t’aﬂd e

n Sal ver - ase antimcro

comp@@x'f@ﬁ%@lécﬂeﬁ froph Bty doasistiieo ¥l atpntalsilves kilveg oafdes, silver salts,
el emental silver, silver oxides, silver salts silver

silveriiom emmhamgsnp@nﬁwﬂw zeglites.cilversgingsee end giy fpgstures thereof,
gl asses, and any m xtures thereof. 20 39. The rubber
article of Claim36 wherein said at | east one silver

39, | %ecfﬁﬁﬁér%‘twlé 6F EREB 386eckdil Gaill 8t Ra& DB kilvetGon dditrol
rubber article of Claim36 wherein said antifungal

releasechdiditive es ptebent. t han

40.  The rubber article of Claim 36 wherein said antifungal additive other than

said silver-based antimicrobial compound is present.
41. The rubber article of Claim 39 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.

25



10

15

20

25

30

25 said silver-based antim crobial conmpound is
present. 41. The rubber article of Caim39 wherein
W@ 200d/024902 east one silver ion control rel ease BOOUB200€009580
is selected fromthe group consisting of fillers,
oils, pignents, salts, antistatic agents, and any
m xtures thereof. 30 25 WD 2904/ 096902

P 004/,009 '
o PR S R R o
releas% %h@ﬁi%@ it drbyali¢ Sle %Mfe@ﬂﬂinﬁ e drbhp edmsBeahgef siticd, starates,

he group consisting of silica, stearates, and any
andammnmthdneofeof 5 43. The rubber article of Caim4l
further conprising at | east one hydrophilic oi
sel ected fromthe group consisting of paraffinic oi

43. PRRGEEL afidle oAOEinRAY filHE: Hérﬁﬁnmh? af ;eadt onéﬂydréphlhc
antim crobi al vul cani zed rubber article conprising at

oil seleetdtfrcan thej oy gorsistid@ospayaffing Wi phthattecil.ind apny mixtures
wherein said article exhibits an increase in silver

theregd} ytj on when neasured first for silver elution after
initial article production as conpared w th subsequent
measurement for silver elution after said article is

44. exﬁnosr&dnicmbﬁadmutcymisechnﬂbhcmhrtida ndmp‘risdgg at leisthai majgrity of

t andar d dust | hi . A
styres QU UPEAHP KBV O PRI PR P BTGP R e ogagben
meas&%ﬁ ffr&qug&lv%i) Pratibh b %‘tlmtlaf i}ﬁc Sulctiyn 8 cd%ﬂ;béigﬁ ith subsequent

rene butadli ene rubber ast one sil ver-based
meas@ﬂ&hieﬁt for aliv el elutoargfiotisaid axamhb 1abx1bc&sa¢ to weatycyaridayl launderings

ound, wherein all of sai uring conmpound present
WIthlwagFﬁmﬁarslan@lW AP WASHIngaRs %h‘t?t i ncl ude an
appreci abl e amount of sul fur-based conpounds, and

wherein said rubber formulation optionally conprises

45. atA beasilcafifedaubbér fgmagdsitin, coadprististt @26t @raubbdrcenstitomt,
rel ease control additive, and at_ | east ogne an i fungal
the maifuity pﬁwhwbhésmeﬁahu@éheae “Lbi P et lepstong suvrThsed gisikiprobial

comms orTE; ag %Faat on-le—llﬁnﬁ E !%I‘EH 4 ot‘ﬁfaufé n‘g]ou I é)ound present

SITver=z mcro

withifi 8hi@ b e 1A GHUAER Qlogih@hlﬂe (50 apprsdém]ﬂg affousi efsifiabased compounds,
silver, silver oxides, silver salts, 25 silver _ion

and véherdinngid ruolmp Gemidatiosiopiienallyseminrisss atdpasenc Ypwingeagent, at least
m Xtu r eof

one sﬂyerép%?r/ﬂ?%g cog\iﬁgl@gﬁ V& aqng a& fﬁa§ on% ggﬁp OEEI dgda{tmlo%ér%n said
silverTB4s@l bhmAIEs Mt coponrd. ght of at | east one peroxide.

46. The rubber formulation of Claim 45 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.

47.  The rubber formulation of Claim 45, wherein said curing compound comprises a

majority amount by weight of at least one peroxide.

48.  The rubber formulation of Claim 47, wherein said peroxide is an organic

peroxide.
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30 48. The rubber fornulation of Caim47, wherein
sai d peroxide is an organic peroxide. 26 WD
wQoe4/0996902 PCT/ US2004/ 009580 27 49. The r ubBE&T/US2004/009580
formul ati on of Claim45 wherein said at | east one
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said sMVErHakdl azt B PP ESmEARRLL P%@éﬁt i's styrene butadiene
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rubber formulation of Claim 45, molding said rubber formulation into a preselected shape,
and vulcanizing said rubber formulation under high pressure and exposure to high

temperature.

53. A rubber composition comprising at least one rubber component, wherein

said rubber constituent is styrene butadiene rubber; at least one peroxide curing agent; 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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