1 ANTIMICROBIAL FILTER BACKGROUND OF THE INVENTION [0001]Microorganisms such as
bacteria can contaminate a variety of fluids. While membranes can be used to filter the fluids and remove
the bacteria (e.g., to provide potable water), the bacteria accumulating on the surfaces of the membranes
grow quickly and create biofilms, leading to fouling and blocking of the membranes. [0002]Conventional
membranes for treating microorganism-contaminated fluids have suffered from a variety of deficiencies,
including the expense associated with producing such membranes. [0003]The present invention provides
for ameliorating at least some of the disasMantagesos|ie priorert. These and other advantages of the
present invention will be apparent from the description as set forth below. BRIEF SUMMARY OF THE
INVENTION [0004]An embodiment of the invention provides an antimicrobial porous filter comprising at

least two layers: a first porous medipmoreEdoNSI\EF pantiglegentheRulk of the medium, disposed on a
second porous medium having a particle-capturing pore structure. The second porous medium captures

particles leaghggyfrom Rﬂ%rﬁ&?bﬁﬂfsﬁ{;iaﬁ JBAIHI, SRERUT ACHASANCAMAYIA MRILORRARE and/or fibrous

media. For example, the antimicro porous filter can comprise at least’two porous membranes, at least

two porous fiFteuRiReRsLa0} R Itsest BhEBOHRIHyitisnapFhYRIIGA P ag R He SOPHRI4GHPSIRMRedium. In

some embodiaests ihe shstdprrabsumeaditing erNsiseg & agmusmibous mediuicrigtaiakbsdise fibrous
medium comprises a no ;woven fibrous gwﬁditf(m. [Op(?%]Another embodiment of the invention provides an
antimicrobial fﬁéﬁ%r@ﬁl@éi 0 fouling and blockingor the' mbranes.

[0002] Conventional membranes for treating microorganismtaminated fluids have

suffered from a variety of deficiencies, includithg expense associated with producing such
membranes.

[0003] The present invention provides for amelioratinteast some of the disadvantages
of the prior art. These and other advantageseopthsent invention will be apparent from

the description as set forth below.
BRIEF SUMMARY OF THE INVENTION

[0004] An embodiment of the invention provides an antimiiéal porous filter
comprising at least two layers: a first porous medincluding silver particles in the bulk of
the medium, disposed on a second porous mediumdpavparticle-capturing pore structure.
The second porous medium captures particles ledobicthe first porous medium. Porous
media can comprise membranes and/or fibrous médiaexample, the antimicrobial porous
filter can comprise at least two porous membraaekgast two porous fibrous media, or at
least one porous membrane and at least one pabsasd medium. In some embodiments
the first porous medium comprises a porous fibraesium, preferably, the fibrous medium
comprises a non-woven fibrous medium.

[0005] Another embodiment of the invention provides annaictobial filter comprising

at least two layers: a first porous membrane oy silver particles in the bulk of the
membrane, disposed on a second porous membramggteparticle-capturing pore
structure. The second porous membrane capturtsi@ateached from the first porous

membrane.



at least two layers: a first porous membrane including silver particles in the bulk of the membrane,
disposed on a second porous membrane having a particle-capturing pore structure. The second porous
membrane captures particles leached from the first porous membrane. 2 [0006]Preferably, in those
embodiments wherein the filter comprises at least ong membrane, at least one of the membranes
comprises polysulfone, more preferably, the first and second membranes comprise polyethersulfone.

[0007]in accqegppre Wih-alHBNCTRRIRILBIRRRAHIARIIRLRS HINE TitBn pAL&AS! 8RS Bigmbrane can

comprise an asymmetric membrane or comprise an isometric membrane. [0008]In another embodiment

of the inventiBif BRRERGH 18RI LRIMEMRE SR SRMIISERIFRBE JBOIS: RIIEd# 3% AR SO mprises
passing the fland wwmmmnbﬂgawmn@mmhjabﬁlter DETAIl FD DESCRIPTION OF THE

INVENTION 8 JIn ac cordance W|th an e{nbodlmepft Pf the thlnventl n an antlmlcroblal filter is
ce wit robla lters qc
provided comprising (a) a ?rs{ porous me avm anup rea urface a FormLtre&m surface

and a bulk b&twmathe s treapT aa@rmewmtr@am m@mamﬂmapmgu@mmamhmadmg particles
comprising 5'1136(58]1 thebylodhe Qﬁrﬁmé}ﬁ"o’ﬂ%@r‘n@%ﬁ%@eajlﬂgiﬁ&?frﬁ%ﬁ@ EAi98, Qfdrem about 0.2

micrometers to about 20 micrometers; and (b) a second porous medium having an upstream surface and
a downstrearfrs{ffaky: a@wmatmméwa%mmé%sﬁ%m%ammﬁ% hiprstranpERedsiborous
medium haviggtagredmitesbpReméMFP) size less than the average diameter of the particles in the first
layer; wherein the downstream surface of the first porous medium contacts the upstream surface of the

second porous medium. Typlc@‘g’TmEég@@gcﬂgngyﬁjnqgﬁjwmp,rmﬂél(pembrane [0010]In

accordance with another embodiment of the present invention, an antimicrobial filter is provided
comprising ( |cro orous sulfone ne havi upstream surface an wnstream
curtace ant J0UL benliEr ORI B e S B R LA Ao 8 ARG
particles compnsmgdsitieonmptisenigulk) & giarticies mevingethg avenpgeadianserérda dmel eange of from about
0.2 micrometgys, in Abah S FRCTAREI i ANA SR A e LIRIBRAHS MEMPpLERe g an upstream

surface and a downstream surface an etween the upstream a downstream surfaces, the
second memBPAPKSHACHEM iIRFUH THRAPIIe VAP ring ISdeTha b e BigcPagigmhmMiee dthe particles in

the first mempyangjenishreifeine gRvasHearowifassRiothediest raesisanexomiaesmtierspstieam surface

of the Secon(%brpgrggégﬁg'porous medium having an upstreamcsugiad a downstream surface and a
bulk between the upstream and downstream surfieesecond porous medium having a
mean flow pore (MFP) size less than the averagaetier of the particles in the first layer;
wherein the downstream surface of the first poroaegium contacts the upstream surface of
the second porous medium. Typically, the secomdysomedium comprises a membrane.
[0010] In accordance with another embodiment of the ptasgantion, an antimicrobial
filter is provided comprising (a) a first micropa®sulfone membrane having an upstream
surface and a downstream surface and a bulk betthearpstream and downstream surfaces,
the first membrane including particles comprisiitges in the bulk, the particles having an
average diameter in the range of from about 0.2ameters to about 20 micrometers; and
(b) a second microporous membrane having an upstsegface and a downstream surface
and a bulk between the upstream and downstreamces;fthe second membrane having a
mean flow pore (MFP) size less than the averagaetier of the particles in the first
membrane; wherein the downstream surface of teerfiembrane contacts the upstream
surface of the second membrane.
[0011] In accordance with yet another embodiment of tlesgmt invention, an
antimicrobial filter is provided comprising (a) irfous porous medium having an upstream

surface and a downstream surface and a bulk betthearpstream and downstream surfaces,



[0011]in accordance with yet another embodiment of the present invention, an antimicrobial filter is
provided comprising (a) a fibrous porous medium having an upstream surface and a downstream surface
and a bulk between the upstream and downstream surfaces, 3 the fibrous porous medium including
particles comprising silver in the bulk, the particles hgving an average diameter in the range of from about
0.2 micrometers to about 20 micrometers; and (b) a porous membrane having an upstream surface and a

downstream giyiRge AR REIMRSAINRIND PRARTE PG OIRPAMRYBAR S MR MReleyIs membrane

having a mean flow pore (MFP) size less than the average diameter of the particles in the fibrous

medium; whelRWhaBvriaae JAeGIFALR BEIRNEB UEOMRREMITREEBIS Thi® GFSYE3fh surface of the
porous membriginemkter prefer By £pvbodimeanh ke dirabsaianm nedide canpisesdreamwoven
fibrous porous medium.,[001 ically, at least one membrane c rises a sulfone membrane, more
typically, i OB AT P P R e AL s PN, DL OR T SIEPIB s, he frt
and second rhavitig anes aaiinve poner(d8-R ssiferiesh thab tarepanibpreterabetherficesimndtsecond sulfone

membranes egch CONUisS RINGTEIFPRHR MGIMLANGS S AREYFBIBIY SRR EG-greROgiment, the first and

second sulfone membranes each comprise polyethersulfone membranes. [0013]Desirably, the filter is an

integral multikBRFERBSYEaCth el teRBraHe S 6FHBRIRs eainasl amb PHER aHE A BEnRR@YSgether such
that the filter peldavasam prisiegle isdrialoverhidrslespdretiseleminate or separate under normal use

conditions. [0Q14]Filters comprising porous fibrous media and/or porous membranes according to
embodiments e inJ RGN BETALE 8 VALK o7 ABEEa o REIERG: 0 S A terie
fi_Itratio_n applioahoae,diﬂbddimﬂutqmrﬂie Wediheacem'rmiﬁdﬁ@tsﬁryt ﬁmdrhagdmdsémmm‘wsaﬂmplicatio_ns
(including forshame A0d/an Pk RAHSIhES a9 cdMEAYE PHSBRANCAIOARN BiSHnghibigR i glectronics

industry, filtering fluids for the food and beverage mduzﬁE}/, clarification, filtering antibody- and/or
protein-contaRSERIFHEORA S FREBARY QAN MURSISEIRRY ARBPARRIGEES o bdf BGHARP Biters according to

embodimentgafithe NspiRMmean RRUHeE dadilet st RS aes lceasbhplised for venting
applications ijegg/ %Ilowi air and orgqas, but not liquid, to pass therethrough). Filters according to

embodiment {’Eﬁ RETEE CAR'BETCsed in a variety of devices, including surgical devices and
products, sudRs] for Oexingibdy, dpétiied mecasuirgiedap roditictge Fters .atto rdemgieuessodibneuss of the
invention are gisg s ?H@BH%LE"E%%W@%&& RV SHRRHR: (NSRRI, DpRpLALS, AYRliC areas,
hotels, and households. This can be especially desirable, as contamination of water dispensed to a
person who i} BeEsUIRE EREBaFT Sk RAP ENG chdeh NRIFRSkBRSMIENgebilitating and costly infections,

even morbidifgofu|001 Filferceontinraegdiceim Rpeinxemisdn HieibypalinemIRaHBY GiekiadirReompasses
embodiments of the invention can be used in a tyaoieapplications, including, for
example, sterile filtration applications, filterifigids for the pharmaceutical industry,
filtering fluids for medical applications (includirfor home and/or for patient use, e.g.,
intravenous applications), filtering fluids for te&ectronics industry, filtering fluids for the
food and beverage industry, clarification, filteriantibody- and/or protein-containing fluids,
and/or filtering cell culture fluids. Alternagly, or additionally, filters according to
embodiments of the invention can be used to fdteand/or gas and/or can be used for
venting applications (e.g., allowing air and/or dast not liquid, to pass therethrough).
Filters according to embodiments of the inventioas be used in a variety of devices,
including surgical devices and products, suchasgXxample, ophthalmic surgical products.
Filters according to embodiments of the inventiemalso suitable for use with any water
supply system in, for example, hospitals, publ&aar hotels, and households. This can be
especially desirable, as contamination of watepetised to a person who may be vulnerable

to infection can lead to, for example, debilitatargd costly infections, even morbidity



killing microbes ("microcidal") and inhibiting the growth and/or reproduction of microbes ("microbiostatic").
The term "microbe" includes bacteria, viruses, fungi, and protozoa. [0016]Advantageously, filters
comprising fibrous media and/or membranes can be tailored for particularly applications, e.g., the amount
of silver in the fibrous medium and/or membrane cangbe adjusted; for example, less silver may be used
for membranes treating fluid having low levels of contamination. Alternatively, or additionally, less total

silver can be idgeg) in CRNYASIP2 AR VATHIGRRIRATBRIABP M IBRIR IMRACRIS A 1 AiBRG s silver

throughout the thiCkness of the entire membrane; in accordance with the invention the silver is provided in
a single memBF9THFRAABUS rl‘%i%??'ﬂﬁﬂﬂﬁ%@ﬁﬁ‘ﬁﬂg hsreudhaedionT¢RrgaducipaPEiATa88Roven web or
a non-woven(wieibi siicswietipid Rreditiimngit bk URJNEEE AN Canbeshiade cdranyretitadale material;

preferably, th[%%]ous K‘c?v%{H{% or st?mﬁlrane comprises.a I%(al merjc medium. A variet %fepolymers are

: ers comprising f 1a/n membranes
suitable, and'suitable fibrous porous a2 Boroud MernBrare e preparea y methods known

to those of or@it@gdékﬂlnﬁrthglaﬂu mﬂswm,i@motﬁafmet@ﬁ g'illver tfaﬂﬂ@éblged,WMWdYemental
silver, silver zaolitg, AR silvey/z2ifG48aliier DA VRUSHHabrR ckuSEenarbritbiRRYSRIig the

invention. Typically, the particles have an average diameter of about 30 micrometers (um) or less. In a

preferred emBBYMELAY tRearli CRIRBIABHRIhg SiREAlYehe dhditiorRatyriass 1aiRlSBYeheabRsus medium
have an averageddiaseeiteidntteorarae afdransrabeies, humdm akedttdQlighbraroneep@ferably, in the

ff bout 0. bout 1 ferahly, th icl ising_silver in th
frst membrad SABPUY Ht LS i M L U SO AR e e ge S MO L5 urm t
about 3 um. [80R0Vitesl partisleglenag wbrapass fibipuimidgerrolidone (PVP) in addition to silver (e.g.,
wherein the b complexas Wil JBR B ﬁédYMHPEéJIQP%i%B%EH 12 ARNEPHSUBh MRTRAURE. tis

believed that in some embodiments, the PVP complexes with the silver for better suspension in the

membrane |a§fe? $fHEIERSGUMEAIRAAHB/BETRR PNAPCARREREdNY fIRBISMIEIRG e &iRIRNerations of
silver. [0021]¥amesuohRMBRCONGRMIFHABT BFRFEEakIp MEwesdnIe AN gl pBf@s fRaiRsl above,
embocimentS UREIEI P AL LG iy CHen IR EHUED DERBECTe h SEIEHAI . siver zeolte.
or silver/zinc mediioels dooyrisesteogolylsulfamay skill in the art

[0018] A variety of forms of silver can be used, includilgmental silver, silver zeolite,

and silver/zinc zeolite.

[0019] A variety of particle sizes are suitable for us¢hi@ invention. Typically, the

particles have an average diameter of about 3Comieters (um) or less. In a preferred

embodiment, the particles comprising silver infirt membrane layer or the fibrous

medium have an average diameter in the range of #foout 0.3 um to about 20 pm, more

preferably, in the range of from about 0.3 um towld0 um, even more preferably, the

particles comprising silver in the first membraagdr or fibrous medium have an average

diameter in the range of from about 0.5 um to aBquin.

[0020] The particles may comprise polyvinylpyrrolidone \Mn addition to silver (e.g.,

wherein the silver complexes with the PVP). Withibeing bound to any particular

mechanism, it is believed that in some embodimensPVP complexes with the silver for

better suspension in the membrane layer or thedtomedium and/or the PVP prevents the

formation of large agglomerations of silver.

[0021] A variety of silver concentrations are suitabledse in the invention, and as

noted above, the amount of silver in the membramebe tailored for an application.

lllustratively, in some embodiments wherein the rhbeame layer comprising silver particles

(e.g., elemental silver, silver zeolite, or silzémt zeolite) comprises a polysulfone



5 membrane (preferably, a polyethersulfone membrane), the silver concentration is at least about 0.3% m
(silver, e.g., elemental Ag, Ag zeolite, or Ag/zinc zeolite)/ m polysulfone or polyethersulfone, more
typically, the silver concentration is at least about 0.8% m (elemental Ag, Ag zeolite, or Ag/zinc zeolite)/ m
polysulfone or polyethersulfone. In some embodimerss, the silver concentration is in the range of from
about 0.5% m (elemental Ag, Ag zeolite, or Ag/zinc zeolite)/ m polysulfone or polyethersulfone to about

1% m (elemeniahfg g MIENSHAG 4B yBIRAYSHIRD B RPAHRIRRTEH EBREe AR % 47 Ba8Ie

embodiments wherein the fiborous medium comprising silver particles (e.g., elemental silver, silver zeolite,
or silver/zinc 28t TEnTPSBEs FdlyrRSRaBHAY: (/200 6RAL BRINES [F¥IHTtylene
terephthalatepdiihepalietiyenecteysichthatate st thraradpoly alaéassetivasomiypio pilenehtahe silver
concentration is&tlgleas .about 0.3% m Silltvgf’rﬁ}g’dl %Ittﬁpaental A&rré%lﬁ?olite, or %%%inc zeolite)/ m

, more

polymer (e.g.',Ag’ ,eOrO {)81?/5}8%3% enej; plcaﬁj?,ptﬂg Silver cc())ﬁgénltr?aﬁon is at least about 0.8%

m (elementalefthotigmesttitéhe sivgtztun eeatiatidmispoliraeeof freomabeut Hoehtner(elethentil A,
concentrationjs i@éﬁ%,rﬁp%ﬁfnfécil@oﬂ@}‘ %?{%mf&%@%ﬁw%%&n%ﬂ@&%{z%m@@/ fineigaRliie) m

polymer to about 1% m (elemental Ag or Ag/zinc zeolite)/ m polymer. [0022]The porous media (e.qg.,

fibrous medid\8ranBEBINERT4eY HipRI%edTape P oPRIEAIIRBRR UCHIHAH Y B SOMSeBRATISIRMAUE. of the

first porous fiptisimed fisHo0e Mefinm conpatsiheivesiiaasn s dfatenvénbe seeansilpereusimeedium. The
downstream surf.ilce of the firstt%gorous.fibrous Tediu.m/membé@ﬁ &%greferaﬁgﬁ?ound to the upstream

surface of th€'s& \6%5'881‘6%03“ R’ 'ﬁ?ﬁf’sw ¥?&?§6|{}??H“?ﬁ iR RR ﬁ{ﬁ‘ﬂ%}g%omprising
membranes, manmmnpmﬁrwmwwo Peprethsiess MaeeecaBEEﬁ)_ueooa m_ﬂyotlaﬁ:eln, shbr&sn the
membranes g pERRERL I RIBSEABNELRPA BIPReRSalRRBRAMRAdIMENgndiding amgmbrane

and a fibrous médium, the’'membrane is cast on the fibrous medium, and the membrane is prepared by a

phase inversité F10E8s 8 Ay eEeHHAROIMNESIB 9 B ST, iIAUBRILRIERXEIE o MStBuding polymer
solutions intq¥bi6£i|mm@@m@5wm@7mimﬁé§amaﬁm@w hw(&éﬁﬁéﬁ@l%@f, t&@i@#m@irtg: (a)
evaporation of the solvent nonsolvent, (b) exposure to.a non-solvent vapar, such as water vapor,
hich absor AT £ SAIBE LA BOMREL: (5 LR T UL O REURRLET B bhe < Hneraior
bath containinffratexbaundidr%amotiedr mentaohes Ay, zZauditehatrnmadyliceie nthvigneent filogolthat the
solubility of the @9&;@% 13 &é‘gpﬂ@/gziﬂﬁ Hi{&qulfn@.se inversion can be induced by the wet process

(immersion precipitation), vapor induced phase separation (VIPS), thermally induced phase separation 6
(TIPS), quentPiRd, dryletReisHANeHa e APEHSIDRHIR QT A BREHEIIBR)SSIHE4ROMPBRsIoN differs

from the wet ghétRenaldprasadHsciby Hiechnedfm et isRBeriusapeslstinadimifinemipghaiques, an
initially homogeneous ﬁ)olymer squticF){n becg es ther o%nﬁmica%n table due to different external
st g

effects, and i ﬂﬂt@é?ésﬁ Séﬂjgtéﬁ%%ﬁﬂ 8I§ﬁ?8p "ahd a BWIWQPHEH% §e9f'ltﬂ% polymer
rich phase fofinss plheonsatibxookthes digmbramér aralishe ¢fe g ndc@nt iphapetreavirsg ifaceattw levels of
solvents and NS m s, the pores. [0024]Preferably, the first solution is spread in a layer onto a
support, and the sggﬁgﬁgluggﬁn {Iﬁ'spread in a layer onto the first solution, and the membrane can be

later separaté@Pfm thersifspbbt. dféhe nenasineenis sbihe Elishe apmnaspRbraneshmiBi’iomprises more
than two merpgiaiiesesead e M1 QFRI R MSETRE S ReaC araRIisierR \(Rhis, AFRNIERCIRE MG AP a8  are

membranes, the solutions can be spread on each other in t%&lzg%e%s@i:ed order. [0025]The membranes can

be cast mant3fPEG. PHNERS UL HUPRIGEFSS niHePBIR IH&"é‘ﬂH& MHIYERAE fiGlid applied
onto the surféibe) .y methomatite lsnéendrapelsethsir @thkevismedising rdodtheavie rad & xmemales of

(00261 vang) S et RS HE s o e SR bR RRY B S ki dr
extruding polymer solutions into thin films, andepipitating the polymers through one or
more of the following: (a) evaporation of the s and nonsolvent, (b) exposure to a
non-solvent vapor, such as water vapor, which &sson the exposed surface, (c) quenching
in a non-solvent liquid (e.g., a phase immersiah lcantaining water, and/or another
non-solvent), and (d) thermally quenching a hat fio that the solubility of the polymer is
suddenly greatly reduced. Phase inversion candweed by the wet process (immersion

precipitation), vapor induced phase separation §YJhermally induced phase separation



the art and are suitable. A variety of devices known in the art can be used for casting. Suitable devices
include, for example, mechanical spreaders, that comprise spreading knives, doctor blades, or
spray/pressurized systems. One example of a spreading device is an extrusion die or slot coater,
comprising a casting chamber into which the castingdormulation (solution comprising a polymer) can be
introduced and forced out under pressure through a narrow slot. lllustratively, the first and second

luti g : | : i i th
solutions compyj : ggaglr.ygﬂﬁ{& W_@gt%ﬁ@tﬁmg%q@hmw& awﬁéé@ll e gaps in the

range from abou micrometers to a 0 microme ypically in thé range from about 180

micrometers ¥OVaER 4B 15 bR e gy %W@td%{%%@edﬂ’?é‘%meﬁf mangrsiothePageitieolutions.
[0027]A variety tabal @ehriqresuiiakigdiy Hemiythe dlkarsigen anshtbecaimgspscean dgmtiricame for the
same for the kni dactor blades, or different., Typically, the air gaps are.in the range of from about 3
ohes t abaTle e R S Ml e e R e I A I o
the casting spbedeisiad lepsiyabeutichfobaper mirutelyfpen )i fouitts Kneferairiyapthefraehebstrsbout 3

inches. 7 [O%'ﬁwﬁ?kﬁg}%@r RN BRES @MDY MErRMH 8R-RIGRHIARIE {Bh. Lok Enb S dRvEnHan. and are

known in the art. Suitable polymer solutions can include, polymers such as, for example, polyaromatics;
sulfones (e.gP%8¥sulfones, including aromatic polysulfones such as, for example, polyethersulfone,

po:yethgr ethplloau]fﬂnda?@iﬁ?]@almdpptﬂé nféﬁsulmm?, ip@b:@a/ésmlfl@rs@md | asiquxd;dn@ayial@uiﬂi‘?@ebomlry]/amides,
polyimides, polyvinylidene halides (includi olyvinylidene fluoride (PVDF NS, suc
Polypropyisne B, TEEAIRIENE! BB B ARG LR TR Rian A e T el
(including polyaikytecsyippitriiatsr ceituiosicg dlyswre (@udiorisiaditiiséracitate smpd sedlolose nitrates),

f'UOfopO'yme{ﬁaﬁ‘E\ﬂoOHh!ﬁF&%rﬁéE%.Eﬁt%%@#?ﬁ)eﬁ%ﬁl@&a%ﬁb@% AR RLElP R MBLHTE: QL polymers,
e.g., a hydrophobic polymer (e P a sulfone polymer) and a hydrophilic polymer (e.g.,

polyvinylpyrr@ﬁﬁméﬁnﬁ?ef@?réé WENIEERE Rt PRIIRAS AbRRGERIBEI J6sEREEEPhthetic polymeric materials,
for example, poutylent teenbibataied R Bd baxeyeinvianee kolyeikwe e spreabthplaad BRb)a

I I lymethylpentene, polyvinylid fluorid lysulf X If lon 6, nyl
B, myion 6T IO S8 3 BT 2T GO SRS E B OSC A CHTEUFAY 37 PP Bbiymers,
typical polymethsolisenssiamiriseralviegdicoie Sntveple atdbiasy fyndhisriodovsr$er axmasteone

non-solvent. gaggpjﬁéq%vgggge?B , g?rp%%%@‘e(ﬂgﬂeégmrmamide (DMF); N,N-dimethylacetamide
y idone (NMP);’

(DMAC); N-methyl pyrroli ’ tetramethylurea; dioxanie; diethyl succinate; dimethylsulfoxide;

chloroform; al¥938ltracHiofedehapkcaHinainehridupR resiusiig SRR BRAHES A RIGKTBVBBMple, water;
various pﬁlyﬂw@k?arg{y@@%lﬁl?ﬁlﬁesl: &#afielg/?f%idlaﬁ,ﬁnﬁolﬁ?@hmmﬁ@@%l%@f@h{@&&ﬁragarious ?Icohols,
e.g., methana|, ethanql, isopropy! alcoho . amyl alcohqls, hexanols, heptanols, and octanols;
g, sauw YN SRR R TR R AR, RSB R AP RE e LM R esters
such as 'acetdnet(.inllwgaldethgn,.W/ao@atetzadckgstwhacwarm aaﬁmmﬁ@tdesim@isaqmalcium c.:h.loride,
magnesium charjde,apd &F@BﬂSQ@F!dﬁrﬁﬂ%mgf%uég B2 A0 A ey %Qs?n%qmaqmpnsmg a
polymer can further comprise, for exarmple, one r more polymerization initiators (e.g., any one or more of
peroxides, arfGAWHRINF PBERIATREA ARHIAED 520 LOINYOTHERY EEes OULRIRE PresRImbIRYsATR)
dihydrochlorigigra@btanis@MREIRLPRSHRE ERRN: ARSI TR UIRMGIRNRNSS ISHIdIASsHbtaCtants and/or

release agents. [0032]Suitable components of solutions.and methods of preparing membranes are known
g separate l/ cast %y mearPs of a dSOCtOI‘%Hide witle IgarBstln tﬂe rarPge |'?rom gbout 120

micrometers to about 500 micrometers, more typidalkhe range from about 180
micrometers to about 400 micrometers. The knifesgaan be different for the first and
second solutions.

[0027] A variety of air gaps are suitable for use in teention, and the air gaps can be
the same for the same for the knives/doctor blaatedifferent. Typically, the air gaps are in
the range of from about 3 inches to about 80 inches

[0028] A variety of casting speeds are suitable as is kniovthe art. Typically, the
casting speed is at least about 2 feet per mifiore)( e.g., with knife air gaps of at least

about 3 inches.



in the art. lllustrative solutions comprising polymers, and illustrative solvents and nonsolvents, and
methods of preparing membranes include those disclosed in, for example, 8 U.S. Patents 4,340,579;
4,629,563; 4,900,449; 4,964,990, 5,444,097, 5,846,422; 5,906,742; 5,928,774, 6,045,899; 6,146,747; and
7,208,200. [0033]In accordance with the invention, lagers of the membrane can be formed from the same
polymer and solvent, varying the viscosity, additives, and treatment, or different polymers can be used for

different layefgg 34]3%98698%5%%@%%&%@1&?%E]Qﬁéﬂg%%ﬁdm‘? AW iRUeiR ARG Structure,

e.g., a pore size (for example, as evidenced by bubble point, or by KL as described in, for example, U.S.
Patent 4,340 0215 KIRUEHESHS 9 Ea s IE RRIERELTORSHIORD HUTURf Y DR SHHLH péfe (MFP) size
(e.g., when chraaqirsizeilHrNGAROEUIMSE S, (0.4 xRpBleomdcRival RommetpbRarmaiepkudiorfolk, UK),

or a porometer available under the trademark P LU orometer.com: Belgium)), a pore rating, a
pore chametei e . AR B AR i e G TS 1ELP o BRSEHbEm, or exampie

U.S. Patent 0B8/5E2j{anererndvallyatingyisalieseicedyanzitieslsthdasasobyenstidestainalglesf one or more
materials of 'ﬂf’ﬁﬁﬁﬁh@%&?\ﬂh@fﬂdél{@ﬁﬁ@ﬂo@WFW,%B&&% rQﬁ’Eir'laasTB&)fb% )ﬁgh'&%ﬁ used depends on

the size of the particlés to be utilized, the composition of the fluid to be tréated, and the desired effluent

level of the trBabeB&INMP SO TRRINGTHIG RiReYSDERBEHR ARMIRESRaROY RADHOSHEES (HICIEIRR in the range
of from aboupRifauyideraloaitibs)sdiowsiegiolarees aaksmallaonoer stausiuiies esrualse encompassed

i range of HORIGB00LD SN U abBl 100 GHE e KB R NG LD T A o 8o cbou
10 um. Howexenjxargerf anady sraed|er. .o re stdneiines cape | giiseoe rc s ioas el wyeshanodiments of the
invention. (034 byifia!oiheagt Qe JNANTRSIHEN PR AR DI R M ARG RLRE oM
media include synthetic polymeric materials, foammple, polybutylene terephthalate (PBT),
polyethylene, polyethylene terephthalate (PET)ypapylene, polymethylpentene,
polyvinylidene fluoride, polysulfone, polyethersatie, nylon 6, nylon 66, nylon 6T, nylon
612, nylon 11, and nylon 6 copolymers.
[0030] In addition to one or more polymers, typical polyreelutions comprise at least
one solvent, and may further comprise at leastinmmesolvent. Suitable solvents include, for
example, dimethyl formamide (DMF); N,N-dimethylazetide (DMAC); N-methyl
pyrrolidone (NMP); tetramethylurea; dioxane; didtbyccinate; dimethylsulfoxide;
chloroform; and tetrachloroethane; and mixturesabe Suitable nonsolvents include, for
example, water; various polyethylene glycols (PE&g;, PEG-400, PEG-1000);
polypropylene glycols, various alcohols, e.g., metl, ethanol, isopropyl alcohol (IPA),
amyl alcohols, hexanols, heptanols, and octantdanas, such as hexane, propane,
nitropropane, heptanes, and octane; and ketorersedhd esters such as acetone, butyl ether,
ethyl acetate, and amyl acetate; and various salt$, as calcium chloride, magnesium
chloride, and lithium chloride; and mixtures thdreo
[0031] If desired, a solution comprising a polymer caritfar comprise, for example, one
or more polymerization initiators (e.g., any onavmre of peroxides, ammonium persulfate,
aliphatic azo compounds (e.g., 2,2’-azobis(2-anupinpane) dihydrochloride (V50)), and
combinations thereof), and/or minor ingredientshsas surfactants and/or release agents.
[0032] Suitable components of solutions and methods gfgesireg membranes are known
in the art. lllustrative solutions comprising paigrs, and illustrative solvents and

nonsolvents, and methods of preparing membranasdm¢hose disclosed in, for example,



about 1 g/M2 to about 1000 g/M2, more typically, in the range of from about 10 g/M2 to about 100 g/M2.
[0038]In some embodiments, at least one membrane (e.g., downstream of a fibrous medium or a
membrane comprising the silver particles) has a sterilizing grade pore structure, e.g., an MFP size of
about 0.2 um, or less. However, larger and smaller pgre structures are also encompassed by
embodiments of the invention. For example, in some other embodiments, at least one membrane (e.g.,

downstream of i pERRUS BREITD. COBRTISING K608 es PRBISISI) A6 MARI 6148 LRI AAS Um, or

about 0.8 um. 9 0039_]Embodim_ents of the invention can include at least one asymmetric membrane, at
least one isométrit MendARS NG e rABFBEREU the same type of pore structure, or a
combination (idasth asynagwsifizace iseniedriaveeiohl ags s[60He] Arase el Membicsnehara porous

structure with_a distribution chara teritzed by a pare. structure e.g., dmean pore S(IjZ#g tha%t is substantially
sanhe P'O )bmﬁ(l‘ aP solvent, var q: e VISCOS '@{I S,an tr%% ment, or dirreren . .
the same through thebulk of the' membrare.¥or examplé, with’ respect to mean pore size, an isometric

membrane haslsneie sinddivadolidodifregattayred by a mean pore size that is substantially the same
through the raner{QQ41a %Vm@ﬁ%@é;}ﬁm%@ﬂ%%é‘% RSB GEPR (Sofe A REGR POTE Size)

varying throughout the bulk of the membrane. For example, the mean pore’size decreases in size from

one portion of-SurfaberoSHfoHRE BRI GSBIHARRCRH PP IpHEmINE a0 hyrk ardasseRaskEs iI9bm the
upstream porieihpls U a: e dheAJVINSIR NITE pcor IsLtechddavanses flotheoigatargf, asymmetry
are encompassed l% embo?@ﬁgis of t(l-lse inwtion e.%.% t}lé%;ﬁore size goes tFro‘?ﬁgh a [ninimum pore size
at a position Wik tRE 9k Pife S?fm &th& fﬁ% ‘be .%Boég{ﬂ%}%%t P EMBI&r can have any
suitable poreRizeagrBdiemeierdBorvEipas Horfudiryjuéandparoeaiserasdinpfeuaxaniple frederparing the

mean pore SiEBRAANR RARLIEGS A AJARYERABIENRIBEARERERTe o! ATer major surface

of the membrane. [0042]The fibrous medium and/or membrane can have any Suitable thickness. In some

embodimentShH@eHERRE LS BOHe MOsifrshe Y hprisfl GRS 8| EYsSHRARISe Yo PRISS0f each of one
Or more MempResMPt SORABSHIF8iME th AT 84EEBE alE® L S4B AHERERIS AP BHIE @ rentts

membrane comprisi ilver and a second membrane .ngt comprising silver, the thickness of the first

embrang RSO DTSR 8 PR AESE o A REDBHS (e e B SULFOVE SRS than

the thicknessdeptrelserothe sizenidrénecpdriipieally b ngitte aom postijpnsih ¢hsilfheid habe tisigtatess in the

range of fro”hﬁB?Hé%égn%%oéﬁﬁe%m@?@d??r% me %?dwithout silver has a thickness in the range of
ils.

from about 2.5 to about 5.5 mils. [0043]Typically, the fibrous medium has a thickness in the range of from
about 2to [0035]  Typically, at least one membrane has a MFP sizkemange in the range of from

about 0.1 pum to about 1 pum. However, larger anallempore structures are also
encompassed by embodiments of the invention.

[0036] Typically, at least one fibrous medium has a meane gize in the range of from
about 0.5 pm to about 100 pm, preferably, in timgesof from about 0.5 pum to about 10 pum.
However, larger and smaller pore structures a®eisompassed by embodiments of the
invention.

[0037] Typically, at least one fibrous medium has a basight in the range of from
about 1 g/M to about 1000 g/} more typically, in the range of from about 10 §Ad about
100 g/M.

[0038] In some embodiments, at least one membrane (ewgnsidream of a fibrous
medium or a membrane comprising the silver pad)dias a sterilizing grade pore structure,
e.g., an MFP size of about 0.2 um, or less. Howéarer and smaller pore structures are
also encompassed by embodiments of the invenfan.example, in some other
embodiments, at least one membrane (e.g., downswéte porous medium comprising the

silver particles) has a MFP size of about 0.45 pmabout 0.8 pum.



about 15 um, but thicknesses can be less than, or greater than, this range. [0044]The membranes and
fibrous media can have any desired critical wetting surface tension (CWST, as defined in, for example,
U.S. Patent 4,925,572). The CWST can be selected as is known in the art, e.g., as additionally disclosed
in, for example, U.S. Patents 5,152,905, 5,443,743, 5,472,621, and 6,074,869. For applications wherein
liquid passes 10 through the membrane and/or fibrous medium, the membrane and fibrous medium are

typically hydreitic, hasinghaifmidhiToPtelitVEIRRITE fidde B fBeQisTRFsetORIBICAY apout 85

dynes/cm (about 85 x 105 N/cm) or more. However, for some other application wherein liquid does not

pass through! @R RABFIBRIMRI"YT MSTBRLRR APl S /BRIMSPERHERHSRE) CHRO I SRS AFR Qhd/or

fibrous mediunteanihatiydso pbobicyhavig catiVSoneilessiis 72 dynes/cm (72 x 10-5 N/cm).
[0045]The Sgé%cﬁ char, cterlr%té%s of the membranes and fibyou mevg&%%n }:)e modified &ge% ,bto affect the

CWST, to in €-asur Qé%ocharrbcer,ng.nd.b,rgnﬁosﬁf‘vg ?rggaés“%c C r%rge, ANdIc S i ?ﬁe pola¥ity or

hydrophilicityopohe sioufaees) @J@v@t @earymmaizqmwb@mti@wwmﬂg wgbwmmmgurface, or
by a grafting geaciiea,Madificatigns l,nﬁ)qu?esepgct ?649@9%&9'@69@97@%6%%%%@”9 and/or

curing the surface with a charged polymer, and carrying out chemical modification to attach functional
groups on th&'3GEHREPdiRMARIREEHERY R HEHTROREWS( SHsUrAly esatng oyt Bach as gas

plasma, vapahetasiaae corona discharge, heat, a Van der Graff generator, ultraviolet light, electron beam,
or to various gther forms of radiation, or by surface etching or deposition using a plasma treatment.

0046 Exomd A o RATIRE G e 6 B R TR S OBl PO A 70 VEMIES mombranes,
including thoserdigtiostithénbullSotheemsndhedts 3 7hr& 8868861649 §0re sz & (ree260 s R4 79;
4,855,163; 44(4d, Eﬁ@:F%%BE’%ﬁ@aﬁ&%@@éﬁa&%ﬁ%ﬁf&?@é@; Brd §3A hPe’ 8320 r8AG:4 189,322,

may also be suitable. [0047]Exemplary fibrous media (including melt-blown non-woven media) are
disclosed in [T&N BRRIBYBPSARNLO5E B 18 IR RPEI07T 2158 81qe0U SR WREEA&ERHINg to an
embodiment githednyentiaieaaniedidenasisiiendy embodimetite mvention, e.g., the pore size

goes through a minimum pore size at a positioniwitfie thickness of the asymmetric
membrane. The asymmetric membrane can have aapleupore size gradient or ratio.
This asymmetry can be measured by, for examplepadng the mean pore size on one
major surface of a membrane with the mean poredditee other major surface of the
membrane.

[0042] The fibrous medium and/or membrane can have atgideaithickness. In some
embodiments, the thickness of the membrane compgrsiver is less than the thickness of
each of one or more membranes not comprising silFer example, in some embodiments
comprising a first membrane comprising silver arst@nd membrane not comprising
silver, the thickness of the first membrane is &l5®%6 or less than the thickness of the
second membrane, or about 40% or less than thHentss of the second membrane.
Typically, a membrane comprising silver has a theds in the range of from about 1 to
about 3.5 mils, and a membrane without silver hiscikness in the range of from about 2.5
to about 5.5 mils.

[0043] Typically, the fibrous medium has a thicknesthim range of from about 2 to
about 15 pm, but thicknesses can be less thameatey than, this range.

[0044] The membranes and fibrous media can have any deasiteal wetting surface
tension (CWST, as defined in, for example, U.SeR&4,925,572). The CWST can be
selected as is known in the art, e.g., as additiodesclosed in, for example, U.S. Patents
5,152,905, 5,443,743, 5,472,621, and 6,074,86%9.applications wherein liquid passes



elements, layers, or components, that can have different structures and/or functions, e.g., at least one of
prefiltration, support, drainage, spacing and cushioning. lllustratively, an embodiment of the filter can also
include at least one additional element such as a mesh and/or a screen. [0049]In accordance with
embodiments of the invention, the filter can have a vegiety of configurations, including planar, pleated, and
hollow cylindrical. [0050]A variety of embodiments of devices (comprising an embodiment of the filter) are

encompasset Ry, HIPtHY RIRERBYaRG HANGH ABF SIAMEIR Hr NP BRPRIUGS HRRRGH ERRABFLSYINge filters,

capsule filters, and cartridges. 11 [0051]An embodiment of the filter . according to the invention is typically

disposed in dYRIERIMG LYY R NGRCONS TRl 2ty BEREEE ¥AL QUL HERNIRG St least one fluid
flow path betwgrialthelivet 86 dyhesmitlgabutiessi R irchitiesi snaceosa dhe Feriddlovspatbtrierprovide a filter

device. Prefegab%atthct)anf\i,lv érdclev'lceu'ja ag%rélirz]atbl%SAr%/ housin ﬁgHiet%?'ﬁb?QﬁE?n a ﬁ', [%rgé/idi rat least
one inlet and AHEASI Ohe Butiet rﬂay be emp‘ﬂog}eos. [ E%E?Vheél?o Towmg examples fur Fiflustrate the
invention butyvehidey emlishtials hthdrereorizane drzd on fdmpeshyniroitinoeityscopeo 0 baNimthe following

examples, filte(gdrcliding EH%W({{M@@/W Qr@@ggsqqgcmfpared by phase inversion, using casting
r

solutions with and without silver particles. [0054]With the exception of the asymmetric membrane
described in EB4Riple N6 K868 GO ATERIGESSHI0E SBSBENEHINTLE BIGER CRAGS) MMBIRAY% glycerin;
about 11% podygtheratiengieabors 1.ak0InM He 2001t UgBMTY. ah paisiie Bl wegativamir§ed 1%
e AR B R AR e e Rl lgges v
ting or depositing a polymer on the surface, oalgrafting reaction. Modifications include,
e.g., irradiation, a polar or charged monomer,ingadnd/or curing the surface with a
charged polymer, and carrying out chemical modiiicato attach functional groups on the
surface. Grafting reactions may be activated poeure to an energy source such as gas
plasma, vapor plasma, corona discharge, heat, al®a@raff generator, ultraviolet light,
electron beam, or to various other forms of radigtor by surface etching or deposition
using a plasma treatment.
[0046] Exemplary membranes are disclosed in U.S. Pateni® 840 and 4,900,449.
Other membranes, including those disclosed in Ba$ents 4,906,374, 4,886,836; 4,964,989;
5,019,260; 4,340,479; 4,855,163; 4,744,132; 4,8%,,2,203,848; 4,618,533, 6,039,872;
6,780,327; 6,783,937; and 7,189,322, may also itetdel.
[0047] Exemplary fibrous media (including melt-blown nowwwen media) are disclosed
in U.S. Patents 4,880,548; 4,925,572, 5,152,905 62017 4,869.
[0048] A filter according to an embodiment of the inventiman include additional
elements, layers, or components, that can haverdift structures and/or functions, e.g., at
least one of prefiltration, support, drainage, spgeand cushioning. Illustratively, an
embodiment of the filter can also include at least additional element such as a mesh
and/or a screen.
[0049] In accordance with embodiments of the inventioa,fileer can have a variety of
configurations, including planar, pleated, and dwltylindrical.
[0050] A variety of embodiments of devices (comprisingeambodiment of the filter) are
encompassed by the invention, including, for exangtopper bottles, dropper tips, and

syringe filters, capsule filters, and cartridges.



[0055]With respect to the asymmetric membrane described in Example 3, the solution includes about
59% polyethylene glycol (E400); about 1% glycerin; about 13% polyethersulfone; about 14% DMF; about
10% NMP; about 3% RO water; about 0.6% polyvinylpyrrolidone, and about 1% elemental silver particles
about 1-3 um in diameter. [0056]To prepare the two membrane filters, a solution without silver is cast over
a solution with silver. To prepare the three membrane filters, a solution without silver is cast first, followed

by casting a seslipn With siiESATRRIBARY ARSING:-apIy IO W HRHRINBFCIRD Si3jRsaRAtNg a two

membrane filter, a silver particle containing solution (a first solution) is cast on a plate having a
temperature BPYPBEICOTEISHAFLIFRSE RARNEAANY 2WARREIHIEHR1D I6iiEINg SNersiaeIBU e solution (a
second solutiy iSatenénuess iheaskoaribery sliusel g tiainga Resondkiitefioeaied aaatid inches to

about 1.5 inches from the first knife, the s or]ﬁ kpife having a knife gap,of 22 mils. [0058]ln preparing a
three membr A MR, LGHUEY KB SN AN A Ml CNTIB R leralea A E SRk R e o
about 29C usthgpe fivad lnifg hagiagleakhifeegaeband ahiEmsogilet meartielephityging solution (a second

solution) is CoiioushARHIBRIEISHPRYUARMS RS SES I KM tRrated oMt sRJOfNgS: to about

1.5 inches from the first knife, the Second knife having a knife gap of 14 mils Another silver free solution
(a third solutiBR GRfesHied &S tReAMsVSy Il 94t §58REously cast on the second solution using a third

knife 12 locambgiboutinitie aiMowidgeiathprdametertaeang kni@tihssthiednvnidadsaio g pdviée gap of
22 mils. [0059]The knives are pushed to gt:ast alg&ng the @ﬁ%e atv\a;sg)eed of ali)?out 1 inch per second. Once
the membran&s”? %Sga{gf’,eﬁ?éod?al@@ FERLRE PO RS N @ro RV Rt Serature is maintained at

26.7 C at a r¢0vd¢ humidityhef @iceptivithofdhs psyvidiet iamaimbetoetflost Brfffsemioe B eaittutes until the

membranes TQimdAQRALNYELEIRUP B PRI MGASHEINRBIGES) THINPIanGR sadicalp e 1894ropic
polyethersulfone; about 10% DMF; about 8% NMP; al8% DI water; about 0.01%
phosphoric acid; about 0.9% polyvinylpyrrolidorighe solution including silver particles
includes about 0.9% elemental silver particles athe® pum in diameter.
[0055] With respect to the asymmetric membrane describ&kample 3, the solution
includes about 59% polyethylene glycol (E400); alddé glycerin; about 13%
polyethersulfone; about 14% DMF; about 10% NMP;ul8% RO water; about 0.6%
polyvinylpyrrolidone, and about 1% elemental silparticles about 1-3 pm in diameter.
[0056] To prepare the two membrane filters, a solutiomeuit silver is cast over a
solution with silver. To prepare the three membrhlters, a solution without silver is cast
first, followed by casting a solution with silvéollowed by casting a solution without silver.
[0057] In preparing a two membrane filter, a silver paeticontaining solution (a first
solution) is cast on a plate having a temperattiebout 29 °C using a first knife having a
knife gap of 10 mils. A silver particle free satut (a second solution) is continuously cast
on the first solution using a second knife locabdut .5 inches to about 1.5 inches from the
first knife, the second knife having a knife ga@afmils.
[0058] In preparing a three membrane filter, a silver geltion (a first solution) is cast
on a plate having a temperature of about 29 °Qyussiiirst knife having a knife gap of 10
mils. A silver particle containing solution (a sed solution) is continuously cast on the first
solution using a second knife located about .5ésdb about 1.5 inches from the first knife,
the second knife having a knife gap of 14 mils.other silver free solution (a third solution,

identical to the first solution) is continuouslyst@n the second solution using a third knife



membranes have a 0.2 um MFP size, and the asymmetric membranes have a 0.8 0.2 um MFP size.
[0061]Membranes are tested for antimicrobial activity against Escherichia coli (E. coli). E. coli ATCC
11229 is the challenge organism, used in inoculation volumes of 0.1 ml. Membrane samples are placed in
sterilized vacuum funnels, wetted with sterile rinse sofution, the appropriate volume of challenge solution
is applied, and vacuum is applied. The samples are plated on growth medium, and colonies are counted.
[0062]SEM apalysis showss'e sl R3stiRlR aFor8ae HeRAHDSKOMRSHIEA™ RIdR O Ltkeidoyypstream
membrane. EXAMPI F 1 [0063]This example demonstrates a two membrane filter including silver in the
first membra9é %%Hﬂjl%ling to an embodiment of the invention prevents bacterial growth. [0064]A two
membrane filfoogs] prepriedtraisedese ipeshabayeastairig the ppsipam shaphranmirchates silver, and
both membranees are isgtrg%i]c m%mgranes. }I’he e grai%%]s&i}pegilvea{é g(rnln hc? ur chralk«ﬁnged controls)
show little or%ocgactenaf:grov%th, andthe> éellcé%sge controls show 8ign| I2ant bacterial g(raowth. EXAMPI
F 2 [0065]Thismparmplecde manytiares at 866’ thehsbreldivbidityiotldtvagvéiivéana thevididdlieamagmbrane

according to ggy edimeat ofJhednNBIOD RIEURBLS, amissig)growth. [0066]A three membrane filter is
iddle

prepared as described above, wherein the mi o _
[0060] Water bubble point measurements of membranes irediba isotropic

membranes have a 0.2 um MFP size, and the asymmmetmbranes have a 0.8 0.2 um MFP

size.

[0061] Membranes are tested for antimicrobial activityiagiaEscherichia coliE. col.

E. coliATCC 11229 is the challenge organism, used inufason volumes of 0.1 ml.
Membrane samples are placed in sterilized vacuumeiis, wetted with sterile rinse solution,
the appropriate volume of challenge solution isliapgpand vacuum is applied. The samples
are plated on growth medium, and colonies are ealint

[0062] SEM analysis shows no silver particles are preserhe downstream side of the

downstream membrane.
EXAMPLE 1

[0063] This example demonstrates a two membrane filtéudteg silver in the first
membrane according to an embodiment of the invenficevents bacterial growth.

[0064] A two membrane filter is prepared as described apaterein the upstream
membrane includes silver, and both membranes a®@c membranes. The membranes
with silver (and the unchallenged controls) shatielior no bacterial growth, and the

challenged controls show significant bacterial grow
EXAMPLE 2

[0065] This example demonstrates a three membrane filbdwding silver in the middle
membrane according to an embodiment of the invergrevents bacterial growth.

[0066] A three membrane filter is prepared as describedehwherein the middle
membrane includes silver, and all three membraresatropic membranes. The
membranes with silver (and the unchallenged cos)tsiiow little or no bacterial growth, and

the challenged controls show significant bactegiaivth.



membrane includes silver, and all three membranes are isotropic membranes. The membranes with silver
(and the unchallenged controls) show little or no bacterial growth, and the challenged controls show
significant bacterial growth. 13 EXAMPLE 3 [0067]This example demonstrates that a two membrane
filter wherein the first membrane (containing silver) ig®n asymmetric membrane according to an
embodiment of the invention prevents bacterial growth. [0068]A two membrane filter is prepared as
described above, wherein the upstream membraga ipglyelgs silver, and is an asymmetric membrane, and
the downstream membrane is an isotropic membrane. The membranes with silver (and the unchallenged

controls) shoyy little or .bacteriaL rowth, and the challenged controls.show sjgnificant bacterial growth.
[O0GOIAN rerel SReEs, T s R e P R e DA B R B T I8 rcny
incorporated (epnefimiogcditeriie aaary exietiar drebisinesfdien te aveeaivativithminf dredisypifically
indicated to Sﬁéqgﬁfgg%&t@ngﬂﬁp@nce and were set forth in its entirety herein. [0070]The use of the
terms "a" and "an" and "the" and similar referents in the context of describing the invention (especially in

the context of dSollofifyLTaRIYIane {BigfdTBrRAIeH 88 £65erRRAIRAMISIRELIRR #RANARDIural, unless
otherwise indieatgistder ehie|0t etesy camidadistesshin artiR X nahae 486ise’ dommRsiRiagh maavbighe

"including,” and "containing” are to be construed as open-ended terms (j.e,, meaning "including, but not
imited 10, uESC S B CRSRA ecL OY gt AR GRS G serve s
a shorthan_d ﬁté&mdmfbgmriagg'wwwﬁdaamﬁm ebaﬂes!gpdtms sale @mﬁ@mtmam@ah@wthplgss
otherwise indigadgd heygine Adeach sanarUGHYBIIG IS ARCRERORigHHOR HAFPSEIAEIGR @S If it were

individually recited herein. All methods described herein can be performed in an¥ suitable order unless
otherwise indi€aedt HErafiety dnserrmsaterhyIyeleranagiteahms L teas. ITpRC08T8IRNNP i@l examples,

or exemplaryihangiaalfy he-spsurian Irdiextdaddesaipofatete pyesrenatiely dadorRErs dlmpnate the
invention and does notciose a limitation on the scope of the invention unless otherwise claimed. No

language in tﬁ%%?)tggﬁ{ 61 should be construed as indicating any non-claimed element as essential to
the practice ¢b€i6]inventienso7ti tefmscd’ emt dalivhands tiethis dikentiteneste thetberitmdexeadin,

including the(ﬁ)@s%ribing the invention (especially in the conteixthe following claims) are to be
construed to cover both the singular and the plurdess otherwise indicated herein or
clearly contradicted by context. The terms “corsipg,” “having,” “including,” and
“containing” are to be construed as open-endedsére., meaning “including, but not
limited to,”) unless otherwise noted. Recitatidmanges of values herein are merely
intended to serve as a shorthand method of refemmutividually to each separate value
falling within the range, unless otherwise indichterein, and each separate value is
incorporated into the specification as if it wemdividually recited herein. All methods
described herein can be performed in any suitaiolerainless otherwise indicated herein or
otherwise clearly contradicted by context. The afsgny and all examples, or exemplary
language (e.g., “such as”) provided herein, isndésl merely to better illuminate the
invention and does not pose a limitation on theeaaf the invention unless otherwise
claimed. No language in the specification sho@dbnstrued as indicating any non-claimed
element as essential to the practice of the inganti
[0071] Preferred embodiments of this invention are desdriterein, including the best
mode known to the inventors for carrying out theeimtion. Variations of those preferred
embodiments may become apparent to those of oydshalt in the art upon reading the
foregoing description. The inventors expect sHigtisans to employ such variations as

appropriate, and the inventors intend for the itieento be practiced otherwise than as



mode known to the inventors for carrying out the invention. Variations of those preferred embodiments
may become apparent to those of ordinary skill in the art upon reading the foregoing description. The
inventors expect skilled artisans to employ such variations as appropriate, and the inventors intend for the
invention to be practiced otherwise than as 14 specifically described herein. Accordingly, this invention
includes all modifications and equivalents of the subject matter recited in the claims appended hereto as

permitted by gppligalic l-MeteRYRITNEBRRIBRIARRI s ahavRieseriRsirelameeisin all possible

variations thereof is encompassed by the invention unless otherwise indicated herein or otherwise clearly
contradicted BJUUHEINE of e SHRRES N AU&R SRR PRI BEFH BRAGE HRE NEERHN ASIREFTTATed M%t porous
medium haviagigansteeanmvisréacer aaca deivinstioanr shielacecitriisebwlchrimeandhorzitieam and
downstream Sufaces e [istporous medium dluding articles,comprsing sr o e fulk, the
particles having an averagé diameter IRTRe ranﬁe G oM about 0.2 Micromerars 1o about 20
micrometers;cdinen(liyeactein dopdranlistecdeliltantexting an upstream surface and a downstream surface
and a bulk between the upstream and downstream surfaces, the second porous medium having a mean
flow pore (MFP) size less than the average diameter of the particles in the first layer; wherein the
downstream surface of the first porous medium contacts the upstream surface of the second porous
medium. 2.The antimicrobial filter of claim 1, wherein (a) the first porous medium comprises a first
microporous sulfone membrane; and (b) the second porous medium comprises a second microporous
membrane; wherein the downstream surface of the first membrane contacts the upstream surface of the

second membrane.



3.The antimicrobial filter of claim 2, wherein the first membrane has a thickness that is about 50 % or less
than the thickness of the second membrane. 4.The filter of any one claims 1-3, wherein the particles
further comprise polyvinylpyrrolidone. 5.The filter of any one of claims 2-4, further comprising a third
membrane, upstream of the first membrane. 6.The filter of any one of claims 2-5, wherein at least the first
sulfone membrane comprises a polyethersulfone membrane. 16 7. The filter of any one of claims
1-6, wherein gheaggggnd porous medium comprises a microporous sulfone membrane. 8. The filter of
any one of claims 2-7, wherein the polyethersulfone membrane includes a silver concentration of at least
about 0.3 % m silver / m polyethersulfone. 9. The filter of any one of claims 1-8, wherein the particles

have an average dig_metgrpm the tangsiaf ng@mgp Qo$nt8ri§ Ut 3 microme_ters. 10. The_filter of any
one of claims 1-9, wherein at least one porous medium or membrane comprises an asymmetric
membrane. (a) a first porous medium having an upstream saréad a downstream surface

and a bulk between the upstream and downstreamces:fthe first porous
medium including particles comprising silver in thak, the particles having
an average diameter in the range of from abouiricBometers to about 20
micrometers; and

(b) a second porous medium having an upstrearacieind a downstream
surface and a bulk between the upstream and davamstsurfaces, the second
porous medium having a mean flow pore (MFP) sige than the average
diameter of the particles in the first layer; wherde downstream surface of
the first porous medium contacts the upstream sairdé the second porous

medium.

2. The antimicrobial filter of claim 1, wherein
(a) the first porous medium comprises a first npomus sulfone
membrane; and
(b) the second porous medium comprises a seconopoIOUS
membrane;
wherein the downstream surface of the first membntacts the upstream

surface of the second membrane.

3. The antimicrobial filter of claim 2, wherein tfiesst membrane has a thickness

that is about 50 % or less than the thicknessefdtond membrane.

4. The filter of any one claims 1-3, wherein thetigées further comprise

polyvinylpyrrolidone.

5. The filter of any one of claims 2-4, further qansing a third membrane,

upstream of the first membrane.

6. The filter of any one of claims 2-5, whereirestst the first sulfone membrane

comprises a polyethersulfone membrane.



11. The filter of any one of claims 1-10, wherein at least one porous medium or membrane comprises an
isotropic membrane. 12. The filter of any one of claims 2-11, wherein the first and second
membranes each comprise an isotropic membrane. 13. The filter of any one of claims 2-12, wherein
the first membrane comprises an asymmetric membigne and the second membrane comprises an
isotropic membrane. 14. The filter of any one of claims 1-13, wherein the first porous medium or

membrane and/or the secqfd ﬁ@éPH?éﬂﬁ@H@b@Elﬁlﬁ@qr%”ﬁ/ﬁ@}%uﬁ B%%Hd)e%‘?o%ié‘?ﬂé‘cﬁhﬁwrange of about

0.1 to about 0.5 micrometers. 15. The filter of any one of claims 1, 4, 6, 7, or 9-14, wherein the first
porous mediGHYIRpPiSTISTABRSALSRELRNG MeMbigNene filter of claim 15, wherein the fibrous medium
comprises a melt-blown medium. 17. The filter of claim 15 or 16, wherein the fibrous medium
comprises a polyméric metienfijtanafwhein tHelibreuz fmediersiimdiddsberssiianecoecaraation of at

least about O HeBsSINGUA M RRYMERidBof WNEXP RiaiteFHGVR M FORMRHEIRAIHARSSING the fluid

through the filter of any one of claims 1-17.

9. The filter of any one of claims 1-8, wherein gagticles have an average

diameter in the range of from about 0.5 to aboomi&ometers.

10.  The filter of any one of claims 1-9, whereiregtst one porous medium or

membrane comprises an asymmetric membrane.

11.  The filter of any one of claims 1-10, whereireast one porous medium or

membrane comprises an isotropic membrane.

12.  The filter of any one of claims 2-11, wheréie first and second membranes

each comprise an isotropic membrane.

13.  The filter of any one of claims 2-12, wheréie first membrane comprises an

asymmetric membrane and the second membrane c@spnsisotropic membrane.

14. The filter of any one of claims 1-13, whertkia first porous medium or
membrane and/or the second porous medium or membima mean pore size in the range

of about 0.1 to about 0.5 micrometers.

15.  The filter of any one of claims 1, 4, 6, 79et4, wherein the first porous

medium comprises a fibrous medium.

16. The filter of claim 15, wherein the fibrougdium comprises a melt-blown

medium.

17. The filter of claim 15 or 16, wherein the fibeomedium comprises a
polymeric medium, and wherein the fibrous mediupiudes a silver concentration of at

least about 0.3 % m silver / m polymer.

18. A method of treating a fluid comprising:

passing the fluid through the filter of any onecltafims 1-17.



