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CONTAI NI NG SAMVE, AND METHODS OF MAKI NG AND USI NG The present invention is
di rect ed Wo @3idesms nedi a havi ng m crobi ol ogi cal i ntercepthcanusapedsr|ity,
filtration systens containing such filter nedia, and nethods of naking and
usi ng sanme. Modern consuner water filters often provide "health clains”

i ncluding reduction of particulates, heavy netals, toxic organic

chemi cals, and select mcrobiological threats. These filtration systens
have been able to intercept microorgani sns such as Crsygt ospori di um and
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as viruses, a filter nmediun’havin m Cr oporous structure is
required. Prior art filtration systens often attenpt to achi eve broad

m cr obi ol ogi cal interception using filter nedia wth insufficiently snmall
por €51 26 and vi t h TGN CisAy B ERtO RAUBHEN 0 Trkametia MaHIE TBEIRerE EHe
necessary por enghdditibH! &pablity), Mfad N skt eshtining s6choRi®! aRdraland
interception and satisfactory filter performance has not been achieved. In

addi tion, priometiotls sfmaking add dsingsampg.ovi ded devi ces capabl e of operating
in the presence of “interferences” cpnsisting of,sybstances t.hat cause a
| oss of filtration %8‘#?8#%?1 cr ‘@ﬂ%@lﬁfs 8#@'1 ﬁré)qu?v)rehﬁ?gt%ﬁafﬁse 'ngUdm
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invention is dieggeiddot Partictilatesf hébly Ms@ARE toxi@ ofdantcethdmmidhldMnd edlpet sing: a
m croporous structure having a nean flow path of |less than or equal to
about 1 mi cr onMmicipRiolesifRt feeatsl dgrwealliraiiRresystamns bavechaeamile do iyersept

compri s Ng 2 CaldORsinitiRl Auch OfP'CGHor6aRABN S, Ohd! ERALE Ddnd RAgAY! B char ge
on at least a portion of the m croporous structure. |In anhother aspect, the
present i nventinomon straiturest étbweyer iconfeos$e peovidd marobintegiaahindengptiopi ng:  as
adsor bent pref i1j ter hayi ng. [ m"rDPi | i F%d herein a WO O {0640&.3 .
PCT/ US03/ 0006 7°f €n smaller microbiological threats such as viruses, a filter medium having
a sub-micron microporous structure is required. Prior art filtration systems
often attempt to achieve broad microbiological interception using filter media
with insufficiently small pore size and with poor physical integrity. The
balance between the necessary pore structure required for successful
microbiological interception and satisfactory filter performance has not been
achieved. In addition, prior art systems did not provided devices capable of
operating in the presence of “interferences” consisting of substances that cause

a loss of filtration performance.

Summary of the Invention
The present invention is directed to, in a first aspect, a filter medium
comprising: a microporous structure having a mean flow path of less than or
equal to about 1 micron; and a microbiological interception enhancing agent
comprising a cationic metal complex capable of imparting a positive charge on
at least a portion of the microporous structure.
in another aspect, the present invention is directed to a composite filter

medium comprising: as adsorbent prefilter having immobilized therein a



mat eri al capabl e of renoving charge-reduci ng contam nants; a m croporous
structure, disposed downstream fromthe adsorbent |ayer, conprising a

pl uralitywafo3wasasi bers, the m croporous structure havi ng FECTMESB/00d60W pat h
of less than about 0.6 micron; and a m crobiol ogical interception
enhancing 5 agent conprising a silver-cationic nmaterial-halide conplex
having a high charge density, coated ot at | east a portion of a surface of
at |east sonme of the plurality of fibers of the fiber matrix. In yet

anot her aspect, the present invention is directed to a filter system
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silver-cationi c matekkedrdiriagsece aRP prRXeitanendor ifdigdttah@r gfitalensérny,
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portion of a surface of the microporous structure.

15 In still yet another aspect, the present invention is directed to a filter
system comprising: a solid composite block comprising a material capable of
removing charge-reducing contaminants; a microporous structure, disposed
downstream from the block, having a mean flow path of less than about 2.0
microns; and a microbiological interception enhancing agent comprising a

20 silver-cationic material-halide complex having a high charge density, coated
on at least a portion of a surface of the microporous structure.

In still yet another aspect, the present invention is directed to a process
of making a filter medium comprising the steps of: providing a microporous
structure having a mean flow path of less than about 1 micron; and coating at

25 least a portion of the microporous structure with a microbiological interception
enhancing agent, the microbiological interception enhancing agent comprising
a cationic metal complex capable of imparting a positive charge on at least a

portion of the microporous structure.



In a further aspect, the present invention is directed to a process for
making a filter mediumconprising the steps of: providing a plurality of
nanof i ber w0 @akiiag at | east a portion of a surface of at HE@astessawse of the
plurality of nanofibers with a mcrobiological interception enhancing
agent, 5 the mcrobiological intercepti n% agent conprising a cationic netal
conplex; and formng the fibers into a T croporous structure having a nean
flow path of Iess than about 1 mcron. In still a further aspect, the
present invention is directed to a process for making a filter nmedium
conprising the steps aofurthpr asaedi e &’“ﬁﬁfﬁir iaventipnos dinagTagloloy Adrosesn i ber s;
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cel lul ose fi bel hb rp 9b| ol ogi cal interception enhancing agent, the
sstw%n about 1. micrg )

m cr obi ol ogi cal ercepting agent conprising a cationic nmetal 20 conpl ex;

and formng a m crapefilpdgursiidruspdet, ehd presérg isventiam i dieswtgolatol bcésesse  t han
about 1 mcron. |In stlll yet a further aspect the present i ventlon IS
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i nterception ethhapliralgy agferwblymetrhearmftbletsbmoihogl vatrobml%lméptntezmemmanm ng
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4 metal complex; and forming a microporous structure having a mean flow path
of less than about 1 micron.
15 In still a further aspect, the present invention is directed to a process for
making a filter medium comprising the steps of: providing a plurality of
cellulose nanofibers; coating at least a portion of a surface of at least some of
the plurality of cellulose fibers with a microbiological interception enhancing
agent, the microbiological intercepting agent comprising a cationic metal
20 complex; and forming a microporous structure having a mean flow path of less

than about 1 micron.

In still yet a further aspect, the present invention is directed to a process
of making a filter medium comprising the steps of: providing a membrane
having a mean flow path of less than about 1 micron; and coating at least a

25  portion of the membrane with a microbiological interception enhancing agent,
the microbiological interception enhancing agent comprising a cationic metal
complex capable of imparting a positive charge on at least a portion of the

membrane.,



In still yet a further aspect, the present invention is directed to a
process for nmaking a filter mediumconprising the steps of: providing a
pl ural i t ywaro3/oaemsfi bers; coating at | east a portion of amurfaseowl at

| east some of the plurality of the nanofibers with a m crobiol ogical

i nterception enhancing 5 agent, the m crobiol ogical intercepting agent
conprising a silver-am ne-halide conpl éx havi ng a nmediumto high charge
density and a nol ecul ar weight greater than 5000 Daltons; and formng a
m croporous structure having a nean flow path of | ess than or about 0.6
mcrons. In still Wetillayet afurther aspeobshe present frvesiéen isidinesieditoa Precess r ect ed

to a process 10 far making a.filter sys i S . :
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structure havi Fﬁfteg tﬁ‘é%$qqtoo@ab‘&'?sh k) Ioérg'é'gt?'léwcf)orpoécbugugr%?%e havig ogns. 20 In
still yet a fuykddnalowrBRAWK lest anr@b6Rt0.6 MV@Bhd.on is directed to a nethod
of renoving m crobiol ogical contamnants in a fluid conprising the steps

of :  providing a fiJ ifryeradiinerRayddghe pris&it GRRINALS isSdifdétddioe dtavdsig a mean
flow path of Iess than about 1 micron, the mcrotporous structure having

coat ed on 10at foreamking pdilter oysterm esosarfrisignihe rignsoPlo giredding rare pdBRaNGN

enhanci ng agent conpri.sing.a i.qni al ¢c ' cationic
mat eri al has é’refﬁéai ﬁ% 6'h gﬁ c'ﬁ%%tﬁ% cfgﬂéiﬁ{:yognggﬁg(l% %@%‘%@ggﬁt
greater than abatinind9GrobalahoRfuertponthactn mige iaterfdl us dmtrobillred fintot @r nedi um
for greater than about 3 eﬁ | east about 6 | og

i blc

reduction of rPif sBMMOE 3%%335/“%% @%%f&%@g;i%%@a“ﬁg at least a
portion of a surface of at least some of the plurality of the nanofibers with a

15  microbiological interception enhancing agent, the microbiological intercepting

agent comprising a silver-amine-halide complex having a medium to high

charge density and a molecular weight greater than 5000 Daltons; and forming

a microporous structure having a mean flow path of less than or about 0.6

microns.

20 In still yet a further aspect, the present invention is directed to a method
of removing microbiological contaminants in a fluid comprising the steps of:
providing a filter medium having a microporous structure having a mean flow
path of less than about 1 micron, the microporous structure having coated on
at least a portion thereof a microbiological interception enhancing agent

25  comprising a cationic metal complex wherein the cationic material has a
medium to high charge density and a molecular weight greater than about
5000 Daltons; contacting the fluid to the filter medium for greater than about 3

seconds; and obtaining at least about 6 log reduction of microbiological



contam nants smaller than the nmean flow path of the filter nmedium that
pass through the filter medium In still yet a further aspect, the present
i nvent i onwicsodic#adt ed to a gravity- flow filtrati on syst emdTowsosoesri ng,
storing, and dispensing fluids conmprising: a 5 first reservoir for holding

a fluid to be filtered; a filter nedi um,in fluid conmunication with the
first reservoir, the filter mediumconprising a mcroporous structure with
a nmean flow path of |ess than about 1 micron, and wherein the filter
mediumis so treated as to provide at |east about 4 log reduction of

ni cr obi ol ogi cabniaovinant smaaliles tarathedneamiew path ofsthn filten Degith Bt BRSS t he
filter mediunm, an reservoir in fluid communication with the
filter medi umttfrc?}lgch]elsfg%t?ﬂ%gugﬁfi |tered fluid. Brief Description of the
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purposes only and are not drawn to_ scale. The invention itself,. however,
bot h as t oJor dui REEV O thd‘“ﬂgﬁcﬁdﬂHf‘j t‘bg@r g&‘?%ﬁ‘v’, Ak roeetlivgl iy flHid st ood by
reference to L ASREHIGA LAtk e ihe REREA! HRE MRDAGLNER! (Bhnphiiak fol | ove

taken in conjunction wth acconpanying drawings in that: "Fig. 1is
a side plan virsisraporeusfsitutiere witb ar pearefiow gathhaf 1€ss Ithasy abpediil amisfont Bed  pr esent

invention. Fig. 2 is a gross sectional view aof the filter.of Fig., 1 taken
at lines 2-2. %V*F%rﬁ'.“ e fc‘“’é W?@HP’ bl %Pn"%"?%&aéftoa“f{o‘é'ﬁsn%l'8?%9 aé?%‘i/? t'98¢ | ow
filtration syshbgmtiodofPhickdbfolpgiesedhtahiiNATY érhdller B thé meandlodepahest i ve
vi ew of another exenplary gravity flow filtration system of the tﬂresent
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i nvent i on.10WD the/fitien mesliET AnbE33egond 7esery offetnall yid ccanyaenicaaroWitBf the he
Invention I'n daserlohng (dNenBLhkLE fiffepgdi ment of the present invention,

Brief Description of the Drawings
The features of the invention believed to be novel and the elements
15  characteristic of the invention are set forth with particularity in the appended
claims. The figures are for illustration purposes only and are not drawn to
scale. The invention itself, however, both as to organization and method of
operation, may best be understood by reference to the description of the
preferred embodiment(s) that follows taken in conjunction with the
20 accompanying drawings in that:
Fig. 1 is a side plan view of a filter incorporating the filter media of the
present invention.
Fig. 2 is a cross sectional view of the filter of Fig. 1 taken at lines 2-2.
Fig. 3 is a front plan view of an exemplary gravity flow filtration system
25  of the present invention.
Fig. 4 is a perspective view of another exemplary gravity flow filtration

system of the present invention.



reference will be nade herein to Figs. 1 to 4 of the drawings in that |ike
nunerals refer to like features of the invention. Features of the invention
are 5 nowowmesHarily shown to scale in the draw ngs. Defrat/tSosmers’ As used
herein, "absorbent"” shall nean any material that is capable of absorbing
inmpurities primarily by drawing the inpurities into its inner 10
structure. As used herein, "adsorbent" &hal | nean any material that is
capable of adsorbing inpurities primarily by physical adsorption to its
surface. As used herein, "adsorbent filter nediuni or "adsorbent
prefiltration mediunt shal Detriled Reseriptiosrof thefinyentitide wi th an adsor bent

such as, for 15 exanpl e, .actjivated carbagn., . r hent
filter mediumis PIERXSC Hﬁnénecipégf??eﬁveénﬁ%gﬂ{ eE PB!(I)%F' %)& Fsﬁggs' [ gg?’ L.P. of
Orange, Connegbrefed wilksheufRbe Mereh o Fig nder 4 efhthkel drawangsannthbelikal used

principally to hold other materials together. 20 As ufs%d .herein, "Canadian
St andard Fr eenemeralpreferdgpikedeainies pbiie iRvenfion, & eapies Hletne IREGHLCR a7

dr ai nage rat ea‘ghr‘%é?g#@ﬁﬁ‘o O%U@@ﬂeﬁyth%{&?av{}iﬁéﬁ that a suspension of pulp

may be draine logy 1s we known to one having skill in the
paper making arts. As used herein, "conposite filter nediunmt shall nean a
filter medium_ 25 that conbines a prefilter, an adsorbent prefiltration
medi um and tﬁ%”“HF@Fobiological i nterception enhanced filter nedium of the

present invention, aqiygddhrefl, MEHRIFPIPMSIl fedlt driyCibifefial that Baapalsleses, the
prefilter may be absent or its function assuned by the adsorbent

prefiltrationabedbing inpiBsopduadlyPEY/ d8parhdbe 7impririties Uiy ifseEien,

"cont am nﬁpt r&dL{c;ti on" shall nean attenuation of an inpurity in a fluid
that is interé B‘f 8%’ renoved, or rendered inactive, chenicall y or

bi ol ogi cal Iy, in ondered berett)dadsortbent $halldneaf @y materibbthatisaraphlee fobr

adsorbing impurities primarily by physical adsorption to its surface.
As used herein, “adsorbent filter medium” or “adsorbent prefiltration
medium” shall mean a filter medium made with an adsorbent such as, for

15  example, activated carbon. Exemplary of an adsorbent filter medium is
PLEKX®, commercially available from KX Industries, L.P. of Orange,
Connecticut.

As used herein, “binder” shall mean a material used principally to hold
other materials together.

20 As used herein, “Canadian Standard Freeness” or “CSF” shall mean a
value for the freeness or drainage rate of pulp as measured by the rate that a
suspension of pulp may be drained. This methodology is well known to one
having skill in the paper making arts.

As used herein, “composite filter medium” shall mean a filter medium

25 that combines a prefilter, an adsorbent prefiltration medium, and the
microbiological interception enhanced filter medium of the present invention,
into a single composite structure. In some cases, the prefilter may be absent or

its function assumed by the adsorbent prefiltration medium.



human use, or nore useful, as in industrial applications. 5 As used herein,
"fiber" shall nean a solid that is characterized by a high aspect ratio of
| engt h t owdi @roesas of , for exanple, several hundred to oneCTANSp3/0aic3CcuUSSI ON
of fibers includes whiskers. As used herein, "filter nediunt shall nean a
material that perforns fluid filtration, 10 As used herein, "fluid" shall
mean a |iquid, gas, or conbination thereof. As used herei n, "formng"
shal | mean converting a | oose, unstructured substance into a cohesive,

uni form structure. For exanple, the conversion of |oose fibers into a
paper. As used her éisrused ihatedr,c'epntamirant iregtustierpshiarmear atterurbon ohakean 15
interfering wi.th, .or.stoppi.ng,the passa f .S s to t; ve,

i nactivate or'mPH'f"fyué'?uc%.#%g ﬂf@gds h'gfeécie%,?ed?l ek O&S uc?:ri E)eﬁh\%% u'en‘aEg\frg’)"LRV"

shal | nean t hehk@gall9for bidiegitalhar ordbr wrgaddrsis fluid safee as, ol e@ntplaiovi ded by
the nunber of organisns in the effluent of a filter. 20 As used herein,
"menbrane” shdlumamgisg, aF Herecssueagiin RANHERARRIIEHIONSSt ruct ure is a single

cont i nuous 55l [ d pHagRedhbidird -fOR* LBMGHEPPLMAShANE Ehiiereri AR BySPRigher ei N,

"m crobi ol 6gi cal interceptioh enhance lter medium’ shall nmean a filter
medi um havi ng apatit catizpofrlength i diasteter of itreremple, lseesal hundportoiona. éhyit s
surface is treated . w tgf,a n C[H%bi ol ogi cal interception enhancing 25 agent.
As used her ei rfisOUssieR BHIRAIHINGHACE WASK " Sean any Iiving organi smthat rmay be

suspended in a fl uigd, ydeBCheteihNdfilRt mB@AUM" | bl @HednOa hagbe4l hat perdiaes,
fungi, protozoa, and reproductive forns thereof including cysts and spores.
WD 03/ 064013 Fid (I8GE&r00067 8 As used herein, "mcroporous structure"

s_hal ! mean, 4 str UCtArusrueseél ?glteirhaﬂuidasliﬁlalﬂeetrl Q\’l‘%\ﬂa} Qas,l %&ﬁm%io%b(ﬂ%ofz.' 0
m crons, and often’['ess an‘apbout 1.0 "mcron.

As used herein, “forming” shall mean converting a loose, unstructured
substance into a cohesive, uniform structure. For example, the conversion of
loose fibers into a paper.

As used herein, “intercept” or “interception” are taken to mean

15  interfering with, or stopping the passage of, so as to affect, remove, inactivate
or influence.

As used herein, “log reduction value” or “LRV” shall mean the logio of
the number of organisms in the influent divided by the number of organisms in
the effluent of a filter.

20 As used herein, “membrane” shall mean a porous medium wherein the
structure is a single continuous solid phase with a continuous pore structure.

As used herein, “microbiological interception enhanced filter medium”
shall mean a filter medium having a microporous structure where at least a
portion of its surface is treated with a microbiological interception enhancing

25  agent.

As used herein, “microorganism” shall mean any living organism that

may be suspended in a fluid, including but not limited to bacteria, viruses,

fungi, protozoa, and reproductive forms thereof including cysts and spores.



As used herein, "nanofiber"” shall mean a fiber having a dianeter less 5
than about 3.0 mllineters. As used herein, "natural organic matter" or
"NOM' shaWo oseasnisr ganic matter often found in potabl e orpaTawsopoom@bl e
water, a portion of which reduces or inhibits the zeta potential of a
positively charged filter medium Exenplary of NOM are pol yani onic acids
such as, but not limted to, hunic acid &nd 10 fulvic acid. As used
herei n, "nonwoven" mnmeans a web or fabric or other nmedium having a
structure of individual fibers that are interlaid, but not in a highly
organi zed manner asAs wsed herdin t ‘sicoporauy etudtatef iskall mamw@ncwwba%er ally

b d s f such
12 procesce | hERHRGE DR re et Poli BaTTET a BB gl BPRLEPali on

only, meltbl owidigh. spunbondi ng, carding, and air |ayi ng As used herein,
"paper” or "paper-like" shall nean a generally flat, fibr ous | ayer or mat
of material fornmed Ayugdiareinal RANGFiBeY §§a“ Kseaﬂsaef(’zp%é}aélnrg a dipgieterdess' shal |

mean a soligd hayj ?Qo@t ShA8InRge from 20 the colloidal to nmacroscopic, and
with no specific [Tmtation on shape, but generally of alimited Iength to

width ratio. As usets treddierein,” fmagfrall drgariic stagbl” arghOM” £hdlt meamedianin
generally | ocated streamfr other filtration Ia ers t.ructures or
devi ces and ca@éﬁ?reol%%f‘ fo?'&{jn ‘ﬁ‘%} HaF BeEbrabls Wt aRP %?Htcgvg}f}b?wf’ﬁest he
i nfluent cont agtinAmhis tﬁb@@ay@efenua%ffd pdsltRklyodhal@RYET&r nitdiuet BX@Splafy
devices. As used herein, "sheet" shall mean a roughly two-di mensional

structure havPhQMIasegolyaainnicacids such amtbusmet é'ﬁg’ﬁﬁﬁfﬁocéﬁmwagdemder t han
its thi ckn?oss f ng 064013 PCT/ US03/ 00067 9 As used herein, "whisker"
shal | nean amsnfj having a limted aspect ratio and internedi ate
bet ween the aspect Aatsed ledreia, padrivelea” &mdnaafWéhebr fapriy orditiserusediom of
fibers includes whiskers, 5 The M croﬁ; ol ci]gl cal } erception Enp R ed
Filter Medi um having a structure of individual fibers that are mter aid, but not in a hig

organized manner as in a knitted or woven fabric. Nonwoven webs generally

may be prepared by methods that are well known in the art. Examples of such

15  processes include, but are not limited to, and by way of illustration only,
A

meltblowing, spunbonding, carding, and air laying.

As used herein, “paper” or “paper-like” shall mean a generally flat,
fibrous layer or mat of material formed by a wet laid process.

As used herein, “particle” shall mean a solid having a size range from

20  the colloidal to macroscopic, and with no specific limitation on shape, but
generally of a limited length to width ratio.

As used herein, “prefilter” shall mean a filter medium generally located
upstream from other filtration layers, structures or devices and capable of
reducing particulate contaminants prior to the influent contacting subsequent

25 filtration layers, structures or devices.

As used herein, “sheet” shall mean a roughly two-dimensional structure

having a length and a width that are significantly greater than its thickness.



A filter mediumof the present invention includes a m croporous structure
that provides m crobiological interception capability using a conbination
of an appwapisicas@3pore structure and a chem cal treat nment .PCImgS030006r opor ous
structure conprises any material that is capable of having a nean 10 fl ow
path of |ess than about 2.0 m crons. mgferably, the m croporous structure
conpri ses nanofibers forned into a nonwoven or paper-like structure, but
may i nclude whi skers, or be a nmenbrane. The tight pore structure of the

m crobi ol ogi cal interception enhanced filter mediumof the  present

i nvention provi desAsh@dtheseing (rehigeroshat! anreast filamant hayving %I'@'t@%a%n@ét 15

surface of g dbFluTRdin pAhEcPHENLGal: AdPo TBMiCH ARESAbS Sy O Lreat

the surface GFoHE m croporous struct a synergls

i nteraction bdtsmmm)na)ffnbatsnmfiu@esrvdiuel«elrsal and a biologically actl ve netal,
t hat when conbi ned, provide broad-spectrumreduction of m crobiol ogical
contam nants on contact. The charge provided by the cationic material to

the fil ter5m%‘q‘hym.e.lo%wglcaﬂlmek@gn&psﬂﬂané‘éd Gl Medigapt i on of
m crobi ol ogi cal contam nants, while the tight pore structure provides a

short diffusion paAhflhermedhenefbfoﬂ@ preapitd inyentiansiioeludésnat mOPQwUS

contanmi nants in n idto ur,f a e
structure. TH&Y %‘i"(‘?r 3%3& g)u Sr d@&ct?ﬁ)éﬁggg%l pr(r':tg(/cfgétéésmsﬁa pﬁf’é' nt aﬁﬁéscﬁ rect
nmechani cal i eb@baREbh & affapfiapiiat gregiraalrecait arhaanab ireddment oThde

dom nant role of 25 diffusion for_the mtercea@éon of extrenely small
particles, thaNEOPEroys§irpute copyrisel A HatCHE haldh canablq PP avtgicPedh val ue

of viral pgrt lfl%b\ﬁz)af’?’nngf tbg gﬂﬂt At ﬁbnﬁné?gnst hePrle@HW”fhe""hﬁ&bﬁerh? filter

medi um rather than a dependence upon the thickness of the filter medium
WO 03/ 064013 REI¢US0300Q0RTs rk@ofibas afotreed sth:sa oiortvma/eM or ofripet-tig cal

I nterception Enhanced Filter n order OVI de
mi crobi ol ogi cal"fHEer dp?yoﬁn‘ég%%wlh'ﬁkﬁ? Otrﬂ%e 51”8[ oJ%Eeﬂghit M%F cepti on
enhanced filt @Bl BMHRl midi8hiBloBRANintbRYSTYN @|ﬂ1an5ed1&1|&elanféaﬂmn fof awe pat h of
| ess than about 2 mcrons, and preferably |ess than or
present invention provides short diffusion distances from the fluid to the
15  surface of the filter medium. The chemical treatment process used to treat the
surface of the microporous structure utilizes a synergistic interaction between a
cationic material and a biologically active metal, that when combined, provide
broad-spectrum reduction of microbiological contaminants on contact. The
charge provided by the cationic material to the filter medium aids in electro-
20 kinetic interception of microbiological contaminants, while the tight pore
structure provides a short diffusion path and, therefore, rapid diffusion kinetics
of contaminants in a flowing fluid to the surface of the microporous structure.
The microporous structure also provides supplemental direct mechanical
interception of microbiological contaminants. Due to the dominant role of
25 diffusion for the interception of extremely small particles, there is a direct
correlation between the log reduction value of viral particles and the contact

time of the influent within the filter medium, rather than a dependence upon

the thickness of the filter medium.



equal to about 1 mcron, and nore preferably |l ess than or equal to about
0.6 mcrons. The volune of the m crobiol ogical interception enhanced
filter madiasrmeafid3the present invention conpared to the flrwuvsaBeomw? fluid
through the filter nmedium nust be sufficient to provide a contact tine
adequate for the 10 contam nants to diffyse to the surface of the filter
medi um To provide enhanced el ectro-Ki Illéti c interception of

m croorgani snms, of which the mmjority are negatively charged, under nost
conditions, the microbiological interception enhanced filter nedium has a
positive zeta pot eFhawktegetinsr af [the Micsehielogical Antatssption: mhangad; Filtefs at pH
val ues of about 6 dabout 7, and 15 retains a net positive zeta potenti al
at pH val ues of ab " or greater. Natural organic nmatter (NOV, such as
pol yani oni c aci ds, In .ofder fouptavideadild nticrobldlegical diateticeptibat capayilingdbee or
remove the charge on the m craqgbiol pgical, interceptign enhanced filter

medi um is prénisrokinlggigaldptsseapgon fePg?’HC@gr‘f'théf:me%“rgﬁ’é%EenBrreéeéﬁ P8R or ous
structure L gugh La MSe path e nfaRibeMichhednd sreietdiay lessibhant i al |y
removes the en useg in the context of a gravity-flow water
filtration systgea toidbous 1pniefay, abdl enarhareferably lasschabicbkaws! dakbewit®e cept i on

enhanced filter, medi up be made with hydr.ophilj¢ - al 0. prayi.de good,
spont aneous waPICHEI! i 1) VAYEF tﬁﬁ‘\?eﬁnﬁ&'f)ﬁ)gbcf‘hér}tg%%ﬁdlnc§§P%nr%$ @#er
m cr obi ol 0gi CahedilinesCRBdrédne HVaRESH chnbired wakk dow2ftdal/flbid throughed to

provide either a hydrophilic or hydrophobic characterjsti¢c as neﬁded. It
i s possibl e tHAe filttrempadigpomivel kegiuifigient se eravidsa epnRARmCRE e fRr the nedi um
can have h i1 Y% eqgaty h ; shAar 968 prh6@ions,
and/ or hymphcﬁ%?aéﬁ'g%@l; ﬁ?g‘?gft‘) og(?tcthérlgg%f%c%s.a{ ggérjﬁg(ggrrp e, the |[Flregat ively
char ged regi onsmhaacedoeelers@ekineice iareptioreofi mieroeganisors, oéf Ivd¥ch Vibe

03/ 064013 PCT/ US03/ 00067 11 co n,positively charged, contam nantg and
unchar ged hydrBpREBI &rer RegrByRlY ngrl%e%e”rﬂﬁseédn?% %P%@Pg%qgﬁﬁ%'ﬁr é’&fﬂ?g{f%r ception
of contam nantigdfdtioR’hhafbdd Akdrededianh s aRfiahive 2 baeatal ddherally

Fi ber s/ Wi skers O Particul ate | nﬁr edi ents
greater than about -+ 10 millivolts at pH values of about 6 to about 7, and

15  retains a net positive zeta potential at pH values of about 9 or greater.

Natural organic matter (NOM), such as polyanionic acids, i.e., humic
acid or fulvic acid, that may reduce or remove the charge on the
microbiological interéeption enhanced filter medium, is preferably prevented
from contacting the charged microporous structure through the use of an

20 adsorbent prefilter that substantially removes the NOM. When used in the
context of a gravity-flow water filtration system, it is preferable that the
microbiological interception enhanced filter medium be made with
hydrophilic materials to provide good, spontaneous wettability. Alternatively,
in other applications, the microbiological interception enhanced filter medium

25  may be treated to provide either a hydrophilic or hydrophobic characteristic as
needed. It is possible that the microbiological interception enhanced filter
medium can have both positively and negatively charged and uncharged
regions, and/or hydrophilic and hydrophobic regions. For example, the

negatively charged regions can be used to enhance the interception of less



5 The m crobiological interception enhanced filter medium of the present

i nvention includes a mcroporous structure that may include a plurality of
nanof i ber w0 d3rwekaadi ng whi skers or mcro-particul ate i ngredicamt®3/ oafc7 or gani c
and inorganic materials including, but not limted to, polyners,

i on-exchange resins, engineered resins,. ceramcs, cellulose, rayon, ram e,
wool , silk, glass, 10 netal, activated Mum na, carbon or activated carbon,
silica, zeolites, diatomaceous earth, activated bauxite, fuller's earth,
cal ci um hydr oxyappatite ot her adsorhent materials, or c | hatj ons

t her eof . CombicRENISNROSHIVel garged CoRRMINAYS &Pﬁc@@rwdé‘?{gg’gfc "8k ers or

m cro-parti cul gs @I @GP ePml e dnidided Whichicptibh €ofS ESREMManksNthat NNt i On as
for exanple, glass, ceramc, or netal 15 fibers and polyneric fibers may be
used t oget her attractedviehydsyphbbicparfades] es i ncorporated i nto the microporous
structure. Wien produced a, wet.laid process.from nanofibers such as

cel lul ose or pol yﬁg? Eﬁeﬁz\&é‘fs“?&tg{ I%{tbcgfage gﬁiﬁﬂ'%‘tgl so have a Canadi an

St andard Freeness TRé nlie@bidlbiaenl diteRaptidn érthanbaltiltelOfkdi@ndf taspresmef er abl y
| ess than or equal to 20 about 45. Preferably, a significant pqortign of the
fibers shoul d inendon iaFlyAes armiqrerasoyshgrichire dhafamay gnaleeta RBGD thhonet er s,
more pref er abl v, @533 HRA04RE vyslg%?sl ortrﬂicﬂpﬁmmﬂgtg, iRARATRIsCHBorgd1E ahd Per s

| ess than or equal td about~2 nanoneters i n dianmeter are nost preferred.
It is preferabhegidccieerinkeintivudergs but nad liretied Hoopolybwny, ionexthanget er to
about 8 mllineters, preferahly about 2 25 mllinmeters t boyt

mllimeters, a[ﬁ?insmﬁ’rng{')“ﬁg erF%{B%:yceé%‘E)'ﬁ?' %ﬁ%{)ﬁ’irﬁ%?nérr%m{eo %Qg’oﬂ@l(' §st,
mllimeterg FRhbgl | hahvatkdl iahghmaar@risons torphetividde daghitm, t silitd)eizeolites,
exceptionally fine dinensions and potentially |low cost. Preferably,
fibrillated syheheareousearth aivater hapxite, fyllsss eagly salciumdyeFrauARRRT t h t he

D esenl ) DrenidifdhadiBibeR! AdUCEIAD: LhhbiRafdiGhel¥r!! EBMblHaHN L R0

PCT/ US03/ 0006 m croporous structure use as the m crobi ol ogi cal
i nt er cepti on emdaneednicffibetsemdimdivhishenf ot inerppatientes arevemtdroplatedaot

fibrillated cel]ul ose fi ber§ can bet. madz bg di rlectI di ssol uti on arth
spi nni ng of wobtMBUPp SCAPSST Shg dneatian ey dpt example, glass, ‘ceramic, or' met

15  fibers and polymeric fibers may be used together with very small particles
incorporated into the microporous structure.

When produced by a wet laid process from nanofibers such as cellulose
or polymer fibers, such fibers should also have a Canadian Standard Freeness
of less than or equal to about 100, and most preferably less than or equal to

20 about 45. Preferably, a significant portion of the fibers should have a diameter
less than or equal to about 1000 nanometers, more preferably less than or
equal to about 400 nanometers, and fibers less than or equal to about 250
nanometers in diameter are most preferred. It is preferable to chop the fibers
to a length of about 1 millimeter to about 8 millimeters, preferably about 2

25  millimeters to about 6 millimeters, and more preferably about 3 millimeters to
about 4 millimeters. Fibrillated fibers are most preferred due to their
exceptionally fine dimensions and potentially low cost.

Preferably, fibrillated synthetic cellulose fibers, processed in

accordance with the present invention, can produce an ultra-fine, hydrophilic



such as an am ne oxi de, and are known as |yocell fibers. Lyocell fibers
have 5 the advantage of being produced in a consistent, uniform manner,

t hus yi eidi o3gpesapr oduci bl e results, which nmay not be the rCasesoBoooa67f or
exanple, natural cellulose fibers. Further, the fibrils of Iyocell are
often curled. The curls provide a sign'%icant anount of fi ber

entangl enent, resulting in a finished # lter mediumw th high dry strength
and significant residual wet strength. 10 Furthernore, the fibrillated

| yocel |l fibers may be produced in large quantities . using.equipnment of
modest capi t almigiogprouststiciure e vedesr Begnifrehiglosicab iterc H@raﬂgﬁﬁﬁ§

cel | ulose may .‘ﬂSr b Buﬁ‘rLl)Pfh%q)rE@npfnggﬂ %ﬁ@%ﬁhéﬁea 'c@FPulf)!;ebﬁH)é@carﬁH@h as for

exanpl e, artifig F ar, acrylic or nylon fibers, or
ot her natural mal Hwﬂmeatcdnsmlmeon ahd spiGoinigi wfafslwphsuloflnfanb@l'gamétsélde'afnd

non-fibrillated fibers na int

Mermbr anes  ThéUth 8% 8hRBIY Pé'éF' ?'}ﬁ @F?@'B‘fvpo%né%%cf@éads f1 t%%'ﬂ' éj'glt}ﬁ(ﬁqgof t he
present i Bvenhd ORvERBgL VMPBdise pRodREEN ANg Qins@fega,numf@m inmeminga nihas
conposi tion including, but not limted to, yners, I]%I;] changleq(r esi ns,

engi neered 20 yieldingsrepiosiugible ssulie | Whichgeay P%S/B‘?\ the gageef H|EXay gl ass,
metal , activat g.lralaéé'llm%@ flt%?ﬁt L Yalued, GRIANS o !\)o'czé;l"li’areZ@Rérﬂ c6ifed. drrﬁéor’raceous

earth, acti vat'é bauxi | er"s ‘eart cal ci um hydroxyappatl te,
titanates and aitlbgrovidd ®sigaifisant amouobafdibwtantanslemhet e@ﬂltlngon’ﬁl mishedns of

organic and in ani mate ial r enpl.at. th| 0 cope of

the invention. cigg wag e@gﬁéﬁybsgengé dﬂgrﬂgfsﬁg Etpe% ﬁ} opone of

skill in tfee af&memh&eMr@rMIlra{quw@n ﬂkr@rrﬁﬁﬁmtelmad@mandangg qA@ﬂﬂtesThe

nanofi bers or nmenbrane that make up the mcrogorous stractuﬁg are
2

cheni cal | y tr esingdeaniiprhent atineqdss @Ip!ﬂl qosth If wil F’%éB‘f“?ré?ﬁo Fhegent
capabl e of Cr‘é%;]_? E@b@?%o%g’%lb\é???' 8% g)(qoo;dag eBRr%QI | ifleOfirA@lsubmbergrept i on

WO 03/ 064013 anc ter ium A Cationic netal
conpl ex i s forerachpty) aadfididdibiersain partltmlem aorWIltlmenshgmfféaw of otiter neasal sone of
the fibers or t hlﬁlorercangt%ﬂglsb%otrrgb?naatlong of fibrillated and non-fibrillated fibers may
15  be used in the microporous structure.
Membranes
The microbiological interception enhanced filter medium of the present
invention can comprise a membrane of organic or inorganic composition
including, but not limited to, polymers, ion-exchange resins, engineered
20 resins, ceramics, cellulose, rayon, ramie, wool, silk, glass, metal, activated
alumina, activated carbon, silica, zeolites, diatomaceous earth, activated
bauxite, fuller's earth, calcium hydroxyappatite, titanates and other materials,
or combinations thereof. Combinations of organic and inorganic materials are
contemplated and within the scope of the invention. Such membranes may be
25  made using methods known to one of skill in the art.
The Microbiological Interception Enhancing Agent
The nanofibers or membrane that make up the microporous structure

are chemically treated with a microbiological interception enhancing agent

capable of creating a positive charge on the microbiological interception



the fibers or menbrane with a cationic material. The cationic material may
be a small charged nolecule or a |inear or branched pol ynmer having
positivel wo @/ekasged atons al ong the | ength of the pol ymacmebsasnoosyf t he
cationic material is a polyner, the charge density is preferably greater

t han about 1 charged atom per about every 20 Angstrons, preferably greater
t han about 1 charged atom per about every 12 Angstrons, and nore
preferably greater than about 1 charged atom per about every 10 Angstrons
of 10 nol ecul ar I ength. The higher the charge density on the cz%{onic

material, the enhpogedr filtyemedineent' eatiopic Betal semelswnit dermeshon st Rashe ed
therewith. A higk ti I J be used
to drive ihe hspien GG EHHE df el s Bile BE MedBets e iR Y e
mat eri al shoultde fibon ir sicantirhiye witba cdoric maydria). Pbsicationdd matelniahgleml beur f ace

to the mcroporous, 15 structure as determ ped by, a streanm.ng or..zeta
potenti al anal%/?é‘f‘l,l aﬁg??lué?c’l?‘f’rﬁ%or Ri 'g¥r2oPr B@\Wslb% Bﬂ‘%l‘%ﬁﬁ’é‘ﬁgpoﬁ@or
stream ng pot eaiablistdths ABRg HeOERRR0PtHE pobfnidtchiine after treatment with a
hi gh nol ecul ar wei ght charged pol yner can be greater than about +10

milivolts, and of tletheugntiopicameisrialz pplymenotheschatgeadensiipds arpferablyy
neutral PR 20, Jh¢ ﬁ%é'a%b?ﬂl@ﬁ&%%&%korh Lb‘élgua VB 20 AnlRonlsl Bldiighbll O

guat er ni zed nes, quaternized am de ernary a ni umsalts,
quat er ni zed i ngrdgsr, thabethoat k ahirged atomp eendsouthivgyah? degstrarad, iaodingore

am nosi |l i con conmpouynds, cationic ce]lul pse deriyatives tiQni c starches,
quat er ni zed poPGEIAALErEAIF ?h—ft‘" a@BHHﬁﬁé%[ﬁ ?toah%eiré%m"z%vﬁryc?ﬁ??‘ﬁégwms o
pol ypepti dgs, Gdl0Rl fergti.t THe FgReMAE IKESe dRRsiFASH BRI GtighRIMmARAI, §el | oi ds

such as cationic nel am ne-fornmaldehyde acid colloids, inorganic treated
silica col | oi dsighgrothpagdntentgsiaphpbtehgenrter ioasassociatedttheiemdthacfy highi des,

pol ynmers and copoal rs there i enf, ng t | i ke.
Char ged nol ecu?oosce%tgag!foﬂl % ot %F%P%"%ﬁg% ?@?ﬂ ?J(;?loit(}%hbgg slflrsgﬁl 9) rfilg%eecthl es with
a singl e char gedcipitatiorard < apadiie raétabebmgleat t dbbechtionicamateias tshividd

03/064013 PCT/ US03/ 00067 14 a pﬂ[tion\PY tﬁﬁ I 2&%&%%8%%e%%&ﬂf%%&%- The
cationi c mat er FASISENEY d¥aWf§ anhighly positively charg P

15  structure as determined by a streaming or zeta potential analyzer, whether in a
high or low pH environment. Zeta or streaming potentials of the microporous
structure after treatment with a high molecular weight charged polymer can be
greater than about +10 millivolts, and often up to about +23 millivolts at a
substantially neutral pH.

20 The cationic material includes, but is not limited to, quaternized
amines, quaternized amides, quaternary ammonium salts, quaternized imides,
benzalkonium compounds, biguanides, cationic aminosilicon compounds,
cationic cellulose derivatives, cationic starches, quaternized polyglycol amine
condensates, quaternized collagen polypeptides, cationic chitin derivatives,

25 cationic guar gum, colloids such as cationic melamine-formaldehyde acid
colloids, inorganic treated silica colloids, polyamide-epichlorohydrin resin,
cationic acrylamides, polymers and copolymers thereof, combinations thereof,

and the like. Charged molecules useful for this application can be small

molecules with a single charged unit and capable of being attached to at least



one or nore counter ions associated therewith which, when exposed to a
biologically active netal salt solution, cause preferential precipitation
of the matoad3/oeeiproximty to the cationic surface to forma@/casioanyc netal
precipitate. 5 Exenplary of ami nes may be pyrrol es, epichlorohydrin derived
am nes, polyners thereof, and the like, , Exenplary of am des may be those
pol yam des di sclosed in International E’gt ent Application No. WO 01/07090,
and the like. Exenplary of quaternary ammonium salts may be hom)pol yners
of diallyl dinmethyl anmmonium halide, epichlorohydrin deriv

pol yquat er nar y* RAffieRe of the)BligARPIOUS §ifiuatwienalhe eatienis matesial P@f%@?'V\hééi from

di am nes and i t n s.-Pat ent
Nos. 2,261, oogjnggdrﬁ%?eﬁémgr %ssﬂgitzatgda?i@érézwﬁ@i’b @5# M&?'q egpé‘é\?gl o ar o

i ncor por at ed lkyologtdh/ea@e'e raefdl Fatt solnintm, rcameon@fer@ataémreoﬁmjpﬂtiboalfltbﬂ No. WO

97/ 23594, al saq i cor gr.at.e e e,

pol yhexamet hylné% (E)ﬂwtém (@hlorﬂ)' g 5?{81 1 ﬁaé['qnf‘i(@etalrﬂ'@c'fgat(?atl oni c
mate[] i a:c gay be Chﬁj‘?rﬁ@lbh&’of%ﬂd@ﬂmaﬁﬁé@&bﬁl@@ @rcmreﬁ)lsdﬁm&i@ribeg?mu?@ﬁlf or
to the fiber or nenbrane. Fur rnmore, other materials suitable for use as
the cationic meb@rah erff%msﬂdé %k@sﬁweemberﬁ/)o amﬁqsamyeber thess eplyanides d

Technol ogi es, Sﬁs’?:ﬁ)sed h‘prrﬁélﬂ%qal PeRAOABLII i @W}E%rdﬂﬁﬁ)%na% grﬂenm@ | ane

product including approxi mately 5% 20 by wei ght octadecyl am nod

met hyl tri met Pﬁamylsiary wf mueteyiana mmumdninmcsalte maje be dwohdpedsndrk af d3%yl

chl oropropyl tr xysi |l ane. ot her ter| al .t hat

SURRACINEC ) . DERPERY RO PR, TR E siB e it g sbor o,
Massachusent s.poBlHRIT G NR rharyCanmbhRAS saltst derRed didie bamimal anfQliNaTRIeh C

net wor k obt ai ne by read:sl ng oI y(hexanet hyl enebi guani dc&)@% (PHI\/B W th

4,4' - net hl yené4 d9|léwm %féteerl?B@AMSauéﬂ F i2hldi Tty 8agent, to
coval ently bOQde,ésh@MD'd 4@5@54)73'&4 rv!/rﬁcﬁer @E&g *'?éoi M;‘?Fefer’eﬂcet Redfipr m of

silver iodide, 'Is |ntr(|>)(§uced int'o the networ trapped as
subni cron- si zénltepatlbnzcil B&entTHeplm@m:)n nebi VO 97/aa5@4 fded: iiveorporaiddby  whi ch

ggyogioligeg&?ﬁfg exi{g’qe ene lmetmgmrrr]\%h% Bpo%dg haendf %@aqge
15  cationic materlal may be chemically bonded, adsorbed, or crosslinked to itself
or to the fiber or membrane.

Furthermore, other materials suitable for use as the cationic material
include BIOSHIELD® available from BioShield Technologies, Inc., Norcross,
Georgia. BIOSHIELD® is an organosilane product including approximately 5%

20 by weight octadecylaminodimethyltrimethoxysilylpropyl ammonium chloride
| and less than 3% chloropropyltrimethoxysilane. Another material that may be
used is SURFACINE®, available from Surfacine Development Company LLC,
Tyngsboro, Massachusetts. SURFACINE® comprises a three-dimensional
polymeric network obtained by reacting poly(hexamethylenebiguanide)

25 (PHMB) with  4,4-methlyene-bis-N,N-diglycidylaniline = (MBGDA), a
crosslinking agent, to covalently bond the PHMB to a polymeric surface.
Silver, in the form of silver iodide, is introduced into the network, and is
trapped as submicron-sized particles. The combination is an effective biocide,

which may be used in the present invention. Depending upon the fiber and



menbrane material, the MBGDA may or may not crosslink the PHVB to the
fiber or the nenbrane. The cationic material is exposed to a biologically
active nmewa o3gakti3 sol ution such that the cationic netal campis®s/00067
precipitates onto at least a 5 portion of the surface of at |east sone of
the fibers or the nenbrane. For this pur,pose, the netals that are
biologically active are preferred. Such “biologically active netals

i nclude, but are not limted to, silver, copper, zinc, cadmum nercury,
antinony, gold, alumnum platinum_palladium and _onq_ie?n tions thereof.
Most pr ef er r edneiplrage imaerigdntpedBEE may Or 5y 'é)‘{:}icé%qsﬁﬂ}ki @E‘M%\/'é’ tal salt

solution is prgfera eyméﬁb,%p‘%_ed such that the netal and the counter ion of
the cationic material are substantially insoluble in an aqueous

envi ronnent to dri Videpcagionjui tratdriah infexpdsed dat @ drivlegicalialactsmplest . sali

particularly useful mcrobjol ogical. interception enh i agen a
cationic sil vépf%'ﬂ’n%-cﬁ'aﬁ\ahgh%gﬂtﬂﬁrg%.meltﬁec%rﬁf’ ieénﬁ)rgu %}?élse%lggo %f(la#aé{r gbl y a
15 honopol yrerpdfioslbftheysurfaldd it dtféastsaron blitie Hibkisde thavidngbraneToF@chisar
wei ght of about 400, 000 Dal tons or ot her QUﬁt ernary ammnij um sal t s, havi ng

a sinilar charRgperensiney meRls nbrkase abiolegiGHy . adivBorHdTgisERdof I | yI

di met hyl ammoni;. L] i Aot AL LN o ofjpercially
avai l abl e fro%ﬁ]a@fgc&gh%ﬁgﬂl%cgﬁﬁghggﬁ? 0 a%aggfl\% it%d]e?@:gfl{llé}hgdi)@eﬁundér t he 20
t radename MERQ@dAHiwG) . mdteryc fntimiody, goldntabuminom, mplptienr eplladied, endh a

brom de or iodide .count i on. en contacted with a silyer, nitra

sol ution, t hec%“?tf'%tfq"éﬁ%q?fgo ha(]/‘\f/’\géarﬁfg%ﬁq ae g ‘érc?'ﬁ‘l?o&p& iﬁe Q{OI?%%%IS' a
portion of ¢ heydil,®eh&al St sBrEIAREpRerdUNE sElb@EOROEID WSt Thé Wedtalr sdothet he
filter medium The pH of the surroundi ng so|lution does affect the zeta

potential of témntezsomiofihsnrasiops wateriphtiersubeitaHy dnteaiedn A1 1aEeOUWedi um of
the present i né/rﬁ)gjgh@%nuo%\ﬁﬂr%!ei&wqﬂgn%k% daﬂﬁﬁi‘é%&alt&wg@ge on the filter

mediumwhile a p crease the charge on the filter nedium
Under pH condi ti onsA ipygicalatly yusefehovcrobietagital intproeptizineeineing agere is a

m crobi ol ogi cal interception enhanced filter di.um does. retain,a _m ni num
posi tive cgar geUSRLE B'ﬁ‘fe)?'alg't'“%'éagwgh?%plﬁ% V@“bﬁ’ Iglaén'ﬁ%'ﬁf Ugﬁélfaé’(%é? |

15  homopolymer of diallyl dimethyl ammonium halide having a molecular
weight of about 400,000 Daltons or other quaternary ammonium salts having
a similar charge density and molecular weight. A homopolymer of diallyl
dimethyl ammonium chloride useful in the present invention is commercially
available from Nalco Chemical Company of Naperville, Illinois, under the
20 tradename MERQUAT® 100. The chloride counter ion may be replaced with a
bromide or iodide counter ion. When contacted with a silver nitrate solution,
the silver-amine halide complex precipitates on at least a portion of the fibers

or membrane of the microporous structure of the filter medium.
The pH of the surrounding solution does affect the zeta potential of the
25  microbiological interception enhanced filter medium of the present invention.
An acidic pH will increase the charge on the filter medium while a basic pH
will decrease the charge on the filter medium. Under pH conditions typically
encountered in potable water, the microbiological interception enhanced filter

medium does retain a minimum positive charge and only at very high pH



16 val ues does the charge decline below zero mllivolts. Exposure to NOMV

such as polyanionic acids, wll decrease the zeta potential of the

m cr obi ol v @A64018 nt er cepti on enhanced filter nedium Thi aWWwS03diosy ni sh
its mcrobiological interception capabilities. Therefore, in applications
where high levels of NOM 5 are present,

1§n adsorbent prefilter capable of
renovi ng the NOM extends the wuseful |ife of the m crobiol ogical

i nterception enhanced filter nedium Methods O Mking The M crobi ol ogi cal
I nterception Enhanced Filter Medium The m crobi ol ogical interception
enhanced fil t erluesdpanihrehatse deglire balowizerapdbyelin pﬁﬁ%“ﬁ%%ﬁ@%‘ég known

to one of skill dogl\{)gn%i@ra&ds DYl 8dEase O GRS Sstehtitt | didRe %ﬂHr}%bm ENY,

el ectr ospi nni ng, rnni'ng 1Sl ands-in-sea processes, fibrillated filns,
melt bl owi ng, iateeceptiberentayceddilter prestiess ethik wdllrdimingshoite notrobldlegicdln t he

art. An exenplary dry laid.process starts wth staple .fiiper i,ch can be
separ at ed by dHT‘%‘?eHBX? GERR 'Iﬁtﬁsvﬁﬁﬁ'ﬁ or?'i'ngé\f'cgﬁansa\?'gertehhé%h % eI?g}‘ [\%get her
to a desired tdi okdiess ahadastbamr sreftaatagalds ohpeicuahyenai OM exterdsstheo form
an unbonded fi ber sheet. The unbonded fibers c en be subjected to

nt
hydraul i c j et susety! bfstof the B\i¢rpbi@i%w&hwt¢{wwrﬁﬁgﬁfwe gemedyss. A sinilar
process can be performed on certain plastic filnms that when exposed to
hi gh pressure jets of water, are converted into webs of fibrillated fibers.
20 I n a pref erMethode Of MekingsFrechicsobialogicakintereaptios Eohamed Eiltes Mediwaci f i ¢
| ength, usually in_the ra of about m | line t o about m|llineters,
and in particular 1ithﬁ r?'ﬁéorb?@ﬂé'éaldf‘teécﬁc?ﬁ?n §n}?ﬁnlcf“§ ﬁé?rerpg&f‘@ %‘B\gb’? mjpde
mllimeterg TiReaccohRPBEdvith RREGsE &nbWdr td baé el skil @ dieyiaee Dayilag
characteristics simlar to a blender, or on a |arge scale, in machines
conmonl y ref erpreeesses drclyde rﬁPUPohﬁ?d'98/2SleCB@-?ﬁ’ﬂ'H}“"g/o?p'a“mgefsiaf'i‘gﬁ""“.'se?he fiber

I's subjected tﬁ’rgé?s?%st iﬁi)-tinﬁea RS Shdt b@mh}b@ atnE;Uﬂ?é}g%r}l giﬂe Eﬁj)&gse@mo@vhe

reduction of fi éng 'S mdimzed. i dergo these
stresses, the foi ber of siilliih the aat. r daudxenplaryelk hed geecdse tstaeis withmsteplehous and
crystalline regti) ons St andar.d Free

et or i ned- by EPBCHIEN el el B AP FEO R Mogagi e Bhdaert qe D
03/ 064013 LT/ (P36 7to a desired thickness by an aerodynamic or hydrodynamic
process to form an unbonded fiber sheet. The unbonded fibers can then be
subjected to hydraulic jets to both fibrillate and hydroentangle the fibers. A
similar process can be performed on certain plastic films that when exposed to
high pressure jets of water, are converted into webs of fibrillated fibers.

20 In a preferred wet laid process, a fiber tow is chopped to a specific
length, usually in the range of about 1 millimeter to about 8 millimeters, and
in particular in the range of about 3 millimeters to about 4 millimeters. The
chopped fibers are fibrillated in a device having characteristics similar to a
blender, or on a large scale, in machines commonly referred to as a “hi-low”, a

25  “beater” or a “refiner”. The fiber is subjected to repetitive stresses, while
further chopping and the reduction of fiber length is minimized. As the fibers
undergo these stresses, the fibers split as a result of weaknesses between
amorphous and crystalline regions and the Canadian Standard Freeness (CSF),

which is determined by a method well known in the art, begins to decline.



17 Sanples of the resulting pulp can be renoved at intervals, and the CSF
used as an indirect neasure of the extent of fibrillation. Wile the CSF
val ue i s wlaabko3s responsive to fiber length, it is stromrgyusespensi ve to
the degree of fiber fibrillation. Thus, the CSF, which is a neasure of how
easily water may be 5 renoved fromthe Hglp, is a suitable neans of
nonitoring the degree of fiber fibrillation. If the surface area is very
hi gh, then very little water will be drained fromthe pulp in a given
amount of tine_ and the CSF value will beco rogressively |ower as the
fibers fibril |%qr@q%?féhmsaﬁ@ﬁwi@?ambﬁarenfqvg& of Yoihadls e dnd GHF 4segidfen CSF
value can be dif gQfb HSRHr RFihPER6MTr ABHRARA! VIRilOhteHaLEIEd siihtig Vari ety
of different devices, Including a dewatering press or belt, to produce a
dewat er ed pul prespimeivdeinafibere benpihl pt dsastranglys mdsperpientd yhe Wegwet of fioke a

wet - | ai d paper,. er al Qr pligation in th resent invention, a
bl b o e cabrBRRRT ot SHORUER b A PrseRirs M R By vl SRRy b
| ess thi':m 0; eféﬁfdveél Groab eHét pdlp, isJaSslu;rtbblepﬁéa@]sm nidrietiag tivd Héglrée offib&mni c
material in such a manner as to allow the cationic terial to coat at
| east a porti ohibrifatiphe & e AuHaGst amgp 1 4Bt hi oﬁ'ﬁ%noverfr}ﬁwﬁﬁ%@%w'meeby

inparting a Ch@tragw%g%ﬁhlﬂef hBETiA -3 tﬁc}:ﬁlﬁoﬁft of ARk ééinggtef;% Ao

material to the fibers are known | e art and In , ut are not
limted to, spbepmedpmgressivelyblvregeancibe ddmtd figrilae cnoseextesomeht.i ofhe 20
nat to the surface

chem cal react}j0o r, grosslinkin f the cationi rial

of the  fibersioAed Mehidla SrAmor's alie oy Praliac it Pear Bigducing bapet
osnosi s/ dej@ni gegewdtEieBlon a Waledy of différehBddviced enalugingth daisatadingy/premdar
vacuum to produce a wet lap that can then be exposed to a bi ol O%I cally

active metal shglt t@(b"l“&ﬁ‘lcérﬁ. d%‘?reﬁé’é‘%f Th%éawtweﬂd%ﬂw F?;féb? isHRsaypitr causes
the counter-i Oﬂs%dat%s%ké‘taeq/e;f‘-'le{i)cﬁ‘ﬁag& C‘ﬁe‘ng&'llg, for %ﬁnﬁﬂu‘icﬂl it &h %&Eﬁt"m.
| be to ell

tightly against the treated urface an m nate unwanted ions
t hat may causeinvactont, roplilpdvitr e CSF ofalbélom X0 is heedyi aidogietaklly, thadiSFve net al

into sites renqgte omthe cationic surface. The netal salt solution is
infiltrated int U'H’lée P%S%E}ag quq'ée}qlt%ﬁﬁ%Fégi pitation of the cationic netal
conpl ex oni®m surfacehepulptis! RRsdd AR Chihi®@mdidifal fih BAES a manner as to

allow the cationic material to coat at least a portion of the surface of at least

some of the fibers thereby imparting a charge on the fibers. Methods of

applying the cationic material to the fibers are known in the art and include,

but are not limited to, spray, dip, or submergence coating to cause adsorption,

20  chemical reaction or crosslinking of the cationic material to the surface of the
fibers. The treated pulp is then rinsed in reverse osmosis/deionized (RO/DI)
water, partially dewatered, usually under vacuum, to produce a wet lap that
can then be exposed to a biologically active metal salt solution. The use of
nearly ion-free rinse water causes the counter-ions associated with the cationic

25 material to be drawn tightly against the treated fiber surface and to eliminate
unwanted ions that may cause uncontrolled precipitation of the biologically
active metal into sites remote from the cationic surface.

The metal salt solution is infiltrated into the fibers to allow precipitation

of the cationic metal complex on a surface of at least a portion of the fibers.



WO 03/ 064013 PCT/ US03/ 00067 18 The precipitation accurately deposits a
nmetal colloid adjacent to the cationic coating because the counter-ion
associ at edwom3toa4ttiBi s coating reacts with the applied netacmesdosoos7f orm
colloidal particles. After sufficient exposure to the biologically active
netal salt solution, the fibers can be rhpsed and excess 5 water is
renoved. Alternatively, the fibers can be directly sent to pulp

preparation systens to create a furnish suitable for paper making. Wen
silver nitrate_is used as the netal salt solutign, the presence of,

preci pitated sle/BECRIATIYE acgHttelRepopts 1819 Cé?ﬁdea%‘B%wEbf@ #MSogBOnicK- r ay
fluorescence spaghk YERLGE Y RolAl-fon A0MRIKEALAM ANaYidzAleacd with fRAZU
Group 10 Conpany, Japan. The m crobi ol ogical i1 nterception enhanced filter
medi um conpr i sippijed metehiattdndomayobe dataeraticles. adtier ddfidentwixpbsupe br theses
known to one of. skil in the . art. .material for the.menbrane may be
treated prior ?'8%5(')?“?' na§9¥%énet$'re?%tr %ﬁ%'o& tﬁ%é%ggt fad"nﬁ)g rH:EF%I’ N Ie)ﬁﬁﬁls be

appl i ed to 3 hewaentis asoned.er Aledrndibelisithg fikeesvramesehditsctiyn séhetoaptiipand
simlar to those used to treat the fiber surfaces. Additives The strength
of the wet | aifePRBEPN S¥fledts loLigbet BIMigh GiHiarleder panaiyaking. i nproved with the
addi tion of vari ouswagdisfiesiatblis LSS thekReMNsdifsdiliforfthe Bkebiidl oft
addition of epoxy or acrylic or other resins to the papér I'ng process
can provi de enprapipdatedetilvet cangpehconfioned hysesingelrattissiiaXgoa/8pesk-riy of t en

cause lower pepneability to the fin r odyc special ly.as fiher size
becones very sﬂ%qr?s.ce%% %Dgﬁ‘g%m?‘i%%‘éa'ﬁé'é“ﬁw gﬁ%osrg'ﬁ?’ﬁt' sat%}%‘a BP¥Pused in
the currentoi ngempawn japah. i s preferable to use thernoplastic or thernoset
25 materials known in the art, and in either powder, particulate or fiber
form Useful binderrh@healidbgicakingdeaptibHtenifcedtitel idi@f dompriBink %ol ef i ns,
pol yvi nyl halides, polyvinyl esters, polyvinyl ethers, polyvinyl sulfates,
pol yvi nyl phosPRERENe Hay hoimade 'arﬁcrc‘n@réan%o\rvy%rw@@gs,es Kopynrtp e, of skill

in the art. Raw material for the membrane may be treated prior to forming the

membrane or the cationic material may be applied to the membrane material
15  using known methods in the art and similar to those used to treat the fiber
surfaces.
Additives
The strength of the wet laid fiber sheet, especially when wet, may be
improved with the addition of various additives. It is well known in the art
20  that the addition of epoxy or acrylic or other resins to the paper making
process can provide enhanced wet strength, but these water-dispersed resins
often cause lower permeability to the final product, especially as fiber size
becomes very small. Although these resins and resin systems can be used in
the current invention, it is preferable to use thermoplastic or thermoset
25  materials known in the art, and in either powder, particulate or fiber form.
Useful binder materials include, but are not limited to, polyolefins,
polyvinyl halides, polyvinyl esters, polyvinyl ethers, polyvinyl sulfates,
polyvinyl  phosphates, polyvinyl amines, polyamides, polyimides,

polyoxidiazoles, polytriazols, polycarbodiimides, polysulfones,



pol yoxi di azol es, polytriazols, polycarbodi i mides, polysulfones, WO

03/ 064013 PCT/ US03/ 00067 19 pol ycarbonates, polyethers, polyaryl ene

oxi des, peloyBakaris, pol yaryl ates, phenol -fornal dehyde resaryso3/00067

mel am ne-f or mal dehyde resins, fornmal dehyde- ureas, ethyl-vinyl acetate
copol yners, co-polyners and bl ock interﬁflyners t hereof , and conbi nati ons
thereof. Variations of the above materials and other 5 useful polyners

i nclude the substitution of groups such as hydroxyl, hal ogen, |ower alkyl
groups, |ower al koxy groups, nonocyclic aryl groups, and the like. O her
potential |y applvrahBrdesmpebrties i Relvalenporyiser s Poliestess PelV¥kifsenes and

acrylonitril eﬁﬁé#&l-@%a@dﬁ%w ”E%Eiﬁs, HelhfiRerdmhREh r&s@rﬁ’s‘)'f)ﬂﬁﬁe{léehyg@ﬁ ot her
p y

non-crystalline or anor us polyners and structures. 10 A nore ‘detail ed
li st of bi ndeureant ethylatisy!t i@tatereyppdlgmese calpolymdri end prledertterpnlyererd on

i ncl ud d- ls, pol hyl
pol yT or mal deh BRI AT bR S SEIET ARG S TS B VA Sy BLAYEe)
pol y(acet abdelyd&) polndrspativde tapivdaalisiehptighbupasudil dschydebyiieiatogeaich as

pol yacryl am de, poly(acrylic acid), poly(nmethacrylic acid), | y(ethyl
acryl ate), 15lewgl aﬂi@ﬁ B(AHPENPWenBkBRCE LY 8)0Noryqlisrasar s, ﬁ'&fr %@éﬁ@ such as

pol y(tetraf| “th{?@rt M’aﬁ&w’eaﬁgﬁf:emlé'ﬁ{aité?ﬁaiseﬂc@}de%ﬂoﬁﬁﬁérp@9({5}?’ l&ﬁgglggc?@ﬂ{as\’ mers,

et hyl ene-tetrafl uoroet copolyners, p chl orotr hyl ene),
etPyiepe-fhi?andngkumuwTﬂhyhgnemﬂwpeﬁyﬂyes&?p@%&@vFqgwymengamjuwggde), and
pol y(vi ny uori de) ;.. pol yanm des, such as - ami nocaproi ¢ aci or

pol y(e 20 capPBP"&@'f@Hr{% Od&mﬂfﬂ%%ﬁé)fyﬁ?ﬁ%ﬁ'é&%&r%ﬁﬁ%-de) . pol y(hexanet hyl ene
sebacani dep, and pal polel dathile@uiredes Biedet aieddls el yayape desul sueke as
poly(lnlno-;,B-phenernplq1q0|sophthaloyl or poly(m phenyl ene

i sloplht hal) am df}%serﬁ?nwﬁmgpc g%ﬁn%apﬁsfyo 32%1;:94 Wik as aﬁhrli%zmtftyﬂﬁn@} Io 1-)

xyl yl ene); pol yar uc . ~di Lz yl ene) or
25 pol y(p- pher?gl gﬁ)eyﬂgm Z&e(?v;yd%’ol e%ll?@l'&gur%%ée{g, @Sﬂhr@lﬂx %lp[a@eggggi, 4-
phenyl enesul f polyiackiaddgblydely | amde prlyédrogiopdideyidel nairglop obyhersiesunb- ds 4-

phenylene)  ang RAMASHE ! S acryic 2Bl Bl Tnemayid adal Bo eI S gny! 4 4° -
15 and poly(methyl methacrylate); fluorocarbon polymers, such as
poly(tetrafluoroethylene), perfluorinated ethylene-propylene copolymers,
ethylene-tetrafluoroethylene copolymers, poly(chlorotrifluoroethylene),
ethylene-chlorotrifluoroethylene copolymers, poly(vinylidene fluoride), and
poly(vinyl fluoride); polyamides, such as poly(6-aminocaproic acid) or poly(e-
20  caprolactam), poly(hexamethylene  adipamide),  poly(hexamethylene
sebacamide), and poly(11-aminoundecanoic acid); polyaramides, such as
poly(imino-1,3-phenyleneiminoisophthaloyl) or poly(m-phenylene
isophthalamide); parylenes, such as poly-2-xylylene, and poly(chloro-1-
xylylene); polyaryl ethers, such as poly(oxy-2,6-dimethyl-1,4-phenylene) or
25 poly(p-phenylene oxide); polyaryl sulfones, such as  poly(oxy-1,4-
phenylenesulfonyl-1,4-phenyleneoxy-1,4-phenyl-eneisopropylide ne-1,4-
phenylene), and poly(sulfonyl-1,4-phenylene-oxy-1,4-phenylenesulfonyl4,4'-
biphenylene);  polycarbonates, such as  poly-(bisphenol A) or
poly(carbonyldioxy-1,4-phenyleneisopropylidene-1,4-phenylene);  polyesters,



bi phenyl ene); pol ycarbonates, such as poly-(bi sphenol A) or

pol y(car bonyl di oxy- 1, 4- phenyl enei sopr opyl i dene- 1, 4- phenyl ene); pol yesters,
WO 03/ 06401803ReT018/S03/ 00067 20 such as pol y(et hyl ene t er eprisaBasy

pol y(tetranet hyl ene terephthal ate), and

pol y(cycl ohexyl - ene- 1, 4- di et hyl ene terththalate) or

pol y(oxynet hyl ene- 1, 4- cycl ohexyl enenet iyl eneoxyt er epht hal oyl ); pol yaryl
sul fides, such as poly(p- phenylene sulfide) or poly(thio-1,4-phenylene);

| yi m des, 5 []itimdo-1,4-ph I : I | efi ,
Poch b5 pol yotHsh aheoh YRy bgruhasteh s EBuEBREe BoPpIBtite i)
pol y( 1- pent en%qy(mtah@?e-Ld%ﬂt,&aﬁaetmpméf(e?e-ammamfé)-érw@wﬁéth,{@ﬁw,4-

pol y(4-met hyl -1-pentene); vinyl polymers, such as poly(vinyl acetate),

pol 31/(\2/i ny: i diwclghdtwgqr@e)e,thxﬁenfowrWlihakplyg; ghlyelrdy@l gelfidegi l%lﬁb gsobsivier s, ZUCh
as 1, 2-poly-1, 3- adi e , 4-pol v~ ut adi. ene,; polyi sqprene, an

pol ychl gro%reﬁﬁ?"’é%’??sf@ﬁgﬁes?r gﬁ%p{'g}(])'sgll’%%?n tlenS‘#’ t%%ly' d(r’éésgogﬁcgh g‘fhch as
acryl oni tr sl elpstygsliromet ginyidengl-haBHkneo ppbiyaisias, doehy ek efdoh@tiviaie, may be
useful include Bplye hyl ene Ihnear Iom1deEsity, pg)yethylene,l

pol ypr opyl ene,PoHBrgRYIensut doby(1-bpisns) 2 PBl2REENen o POl T-PRIERGhe) POlY(2-

pol y(2- pent englnRB), Y (3 1y IR Hay1-3-RARNMENE hnd P Yok AmiBatyLY LpehidrBPt €08) . and
the 15 |ike. A range of" binder fibers, including polyethylene,

pol ypr opyl ene,polyaeryisuch appolytyinyé scasatelp oblyphimpigieas ehloride), and poly(vinyl

pol ypr opyl ene- pol yet hyl ene bj - conmponent fibers r .ot.hers.can, be used.
Certain types cﬁfor%é?éaﬁg&epgpb/g}e@rg%g i ﬁ)’gfpso,ly'\"/\ﬁ?g%u%#'%npeér ﬂ%’qorj’éiééd, as
descri bed el ®utadwre, @plyissplenepast balvehlohmprete; pdistytemeg! antdedplolytmearé not

significantly interfering wwth the hydrophilic nature of the resulting
filter medi umaiiBn ‘Q&eEQINg eSSt aqrPnttdsbutprignessty et Bt coBplyaners-

material s may ljo\ll\r&ﬁlé’fﬁ% %Xﬁﬁg%eﬁgégﬁlh%él d IEB/%E%L rg{ Qneat Y (%];ngﬁ (r)

EST-8, both of Ich are p based. is a poly n based
synt heti c pul pdyediylers, pohipghiwenie; boiyl1-ldteak) f pdlgi2-tartehe) spadyipentenel, | y

Chormal ol ddBM G GHE) SPBU-GBS T EROBH R SUPFRRE TG TSPy AOP Hedi um
SHORT 15 like.

A range of binder fibers, including polyethylene, polypropylene,
acrylic, or polyester-polypropylene or polypropylene-polyethylene bi-
component fibers, or others can be used. Certain types of treated polyethylene
fibers, when properly treated, as described below, are optimal, and have the

20 additional benefit of not significantly interfering with the hydrophilic nature of
the resulting filter medium when used in modest volumes. Preferred fiber
binder materials may include FYBREL® synthetic fibers and/or SHORT STUFF®
EST-8, both of which are polyolefin based. FYBREL® is a polyolefin based
synthetic pulp that is a highly fibrillated fiber and is commercially available

25 from Mitsui Chemical Company, Japan. FYBREL® has excellent thermal
moldability and provides a smooth surface to the filter medium. SHORT
STUFF® EST-8 is commercially available from MiniFibers, Inc., Pittsburgh,
Pennsylvania, and is a highly fibrillated, high density polyethylene.



STUFF(r) EST-8 is commercially available from M ni Fi bers, Inc., Pittsburgh,
Pennsyl vania, and is a highly fibrillated, high density polyethylene. W
03/ 064013wWeB/0B8A3/ 00067 21 Preferably, the binder naterirT/U3po@3ent in
an amount of about 1 %to about 10% by wei ght, nore preferably about 3%to
about 6% and nost preferably about 5% . It is preferable that the binder

mat eri al have a softening point that i§ significantly |lower than a
softening point of the nanofiber material 5 so that the filter nedium can

be heated to activate the binder nmaterial, while the rricrog(géog/s structure
does not nelt and Preéerably, thedkingsspaieria) is presenyrin g ragnoydiof pRYL &b ther in a

particul ate, fiber 10%hi)?Kgéightormc{?ﬁ‘éﬁ%rabfﬁﬁ%dfay%aﬂosﬁb&ﬁ 4% X8Ad Whdsh t he

nanof i bers or 1 ncorporate nf o nenbrane to aid i n adsorption of other
cont ani nant s qurefpablyi diquabé.i it prefetdbld thahtitei indefmathdal Haye @poftenisg

structure and intercept.ion of, m crobi ol ogical co i n S I
addi ti ves nay Hoﬁgﬁiﬂﬁié? S'g'ffﬂcaanﬂé’mﬂ\g?r %ﬂ?%ats’g%e'}'%% p%?éﬁwfw%ﬂ%@ore{ H?ﬁ?%?
activated 3l unjpnpat thé filtsaiRdiwRERDPe hehted ¢a actpake/ thierbisdgranateris, ehtle fi bers,

gl ass beads or fibers, cellulose fibers, M-ex%h nge resins, engineered
resins, ceranittgmicreppiopgsruciirguigpprAdnt ¥ harebX (e Ypauxite, fuller's

earth, 15 calcium gyld @Ijﬁﬁ)reo:}mfveg RIOL O BLpafBubltd, &lber, SMSBkeR SorShteder

adsor bent pol yners ~(SA or contg)l nations thereof. The additives can al so
be chenical | y fomeanhey alt® henpaixed nwvitr dbé olangfibers dmntircategeiednindapébi it es
dependi ng upon th rti.cul ar, application. Such. additives .are .preferably
present in a s'U‘Frf‘gr@f‘g a'@r’r&ﬁ%c’%ﬁ% O[qhoé 't ‘ﬁoé]'%?mWﬁﬁtsf?ro%rﬁﬂ%%tﬁelgrtgguI t ant
filter medigumbandidh 80tRURSEBPGI0aY Ishudttmeesiall imbrBptisredf inficiobidlegitdl on
applications. The anmount of additives i s dependent upon the partjcular use
of the filtratGoptmipantemUsefal adgitiyps Mgy incl feh%iaae prlolaied o ¢nefallis ni xi ng

a pulp of 45 %Etl l(izé?raic{i\ll £49 Wﬁ%,%bcltivétie@%gi oH"j §inc§,° o'fﬁ‘ﬂ_é& Bb\K)Q&% ahibers and
di spersing the pul'p’ an I nder tibers in delionized water Wth nmixing in a
bl ender to f orfibess, felersnibeids @Sfilwirs, rretblose filberds iop-exblmange 20sicH resgiseerdy. To

thi's mxture 1 added about, oo by el aht, of NERRUATL L), AR0rhL e
15  calcium sulfate, other adsorbent materials such as super adsorbent polymers
(SAPs), or combinations thereof. The additives can also be chemically treated

to impart microbiological interception capabilities depending upon the
particular application. Such additives are preferably present in a sufficient
amount such that the fluid flow in the resultant filter medium is not

20 substantially impeded when used in filtration applications. The amount of

additives is dependent upon the particular use of the filtration system.

Exemplary of a wet laid process includes mixing a pulp of 45 CSF

fibrillated lyocell fibers with 5% EST-8 binder fibers and dispersing the pulp

and binder fibers in deionized water with mixing in a blender to form a furnish

25  with about 1% to about 2% consistency. To this mixture is added about 3%
by weight of MERQUAT® 100, which is briefly dispersed into the dilute pulp
furnish. The cationic material remains in contact with the pulp for about 4 to
about 12 hours until a significant portion has been adsorbed onto at least a

portion of the fibers to impart and maintain a positive zeta potential on the



furnish. The cationic material remains in contact with the pulp for about 4
to about 12 hours until a significant portion has been adsorbed onto at

| east a pardasioesisf the fibers to inpart and maintain a paiTVUSee/oast a
potential on the WD 03/064013 PCT/ US03/ 00067 22 fibers. Wthin about eight
hours at roomtenperature, sufficient MGRQUAT(r) is adsorbed to provide a
positive zeta potential on the fibers that is greater than about +10
mllivolts. Next, this pulp is partl ally dewat ered under vacuum and rinsed

wi th deionized water .to form A netal salt lLuti 5as
for exanpl e, et ol 1 2P0 gt Rousrah o demapral G B MERGRATE: ¢ pe
dry nanofi berisaddoshdel t%Fb%\ﬁQe Wp‘bBtud@k&é‘ 'pé%ﬂtu%ﬁhe ined tihdtiid %’r@ﬂ%b’thﬁﬁur ed
over the sheet and all owed to stand a short tine to allow

preci pitation a@DUt el O miilbivelis cileky tbﬂému\l/celmraallmdewatatedl BREAr VACWHTt i on of
th t i e C ter t he

e counter | o RRRR it Esho Iy BPER AL B Aipaly RGP S €1
medi um  Fi |5t r aisj fon eSysplendivek nitra], mgart dreodMt@rodlito 0Tk bstlwdighterf depdyon

Enhanced Filter di um Ma s,of filtration syste i nc orating the
current filter"REHPEMm 'SPSQFE%‘?PL %/gtﬁ ?f‘éldwafﬁésa@;} ‘b’é BT ‘?88%% fai n

speci fic embodhagnkd allm\é@\/t@rstaﬁch?&ea fshbit"thhé Q9 6N %P&:n&faﬁoﬁﬁ%leary and
shoul d not be construed as restricting the scope of the invention. Precoat

Filtration Systielesichly heiitienyetel witbist deastia artiamefethe eotinion lOfEaﬁﬁaﬁ@’@d
Nanof i ber 207 G ald bid ARE! S @hiud P RSe R bEVERLAP LA gt 1|1 zes
nanofibers treate m cro

erce tion ‘en nC|ng agent,
i's an i ndustrigbductioarofevetiad fiber mediugi pal filter that uses a precoat
applied to a porous septa. This coating is produced by dispersing

particles such as diatomaceous earth, perlite or fibers as a precoat

applied to t hqzll?:%tleh’%yﬁ@ﬂ%adtfﬂ%né 'tHet ﬁﬁérﬁgloidg(?éél FSterepBSIL BnRshcRE FilterM NE,
juices, and other liquids used in food service or pharnaceuti cal

i ndustry. As tMediumgui d contacts the f| | ter cake, unwanted
Many types of filtration systems incorporating the current filter medium
15 can be imagined. Described below are certain specific embodiments.
However, these filtration systems are exemplary and should not be construed
as restricting the scope of the invention.
Precoat Filtration Systems Including Microbiological Interception
Enhanced Nanofiber
20, One filtration system of the present invention that utilizes nanofibers
treated with the microbiological interception enhancing agent, is an industrial,
commercial or municipal filter that uses a precoat applied to a porous septa.
This coating is produced by dispersing particles such as diatomaceous earth,
perlite or fibers as a precoat applied to the porous septa for filtering liquids
25 such as beer, wine, juices, and other liquids used in the food service or
pharmaceutical industry. As the liquid contacts the filter cake, unwanted
contaminants are removed while also clarifying the liquid. The charged
nanofibers not only remove negatively charged contaminants in the liquid

much smaller than the pores of the precoat but greatly improve the mechanical



contam nants are renoved while also clarifying the Iiquid. The charged
nanofi bers not only renove negatively charged contam nants in the liquid
much smnal Werostdaam3t he pores of the precoat but greatly i npaavesoshens?
mechani cal WO 03/ 064013 PCT/ US03/ 00067 23 interception of all particles.
The nanofi bers may be used in conjunctigghmﬁth traditional precoat

i ngredi ents such as di atonaceous earth. ly a small anmount of nanofi bers
are needed in the precoat, generally about 1.5%to about 10% by weight, to
produce a significant effect. Preferably, a hydrophilic 5_nicrobipﬂogical

i nterception entheaptéen bf alf partigledi Theingnefthes MAY PR I pRNHRGIONOHEN
Filtration Syst L nvol vi Pl d j ik terdaMe e wn

m cr obi ol ogi cgrlagﬁfqulr 8?6?%%%gﬁédﬁgégc¢?¥%aﬁo%c |dlljjrgn%f1hi hgj%; eagénrﬂl'?“

i nvention can anthti@é raaofibasirasd ineadedhav itheg precod, Zhveralbna@bpaty &5%ftot he 10
m crobi ol ogi cal interception enhanced f.il.ter dium A firs o

mi crobi ol ogi c&PorntEe g’e‘;‘ﬂt’?'&ﬁ' WQR‘&C@Q"‘ ?'$'T'E'%arnt gg%qt.uﬁ]{e'feﬁtgy, ?ra\ﬁldrg%hllp'%si tively
charged whisl e gicche88Eall a¥RFcepBIn DenHARER | MRt YmebRihged. ulde inegadsevel y
charged material can “be produced by contacting the nanofibers pulp with a

negati vely chapglchtiopenpound or material such as a pol ycarboxylic acid

mxed with a small b auagfity @L%gir?gr,\?lﬁﬁé%gﬁy&gcﬁgﬁ@wmnas a glycerine.

Heati ng the nanofibers —after soa a mxture results in the
formati on of a coatA ngcrobiolditcal namabpider snivhced Gitei wediunt lvatigedresentboxyl i ¢
acid polymer cross]inked b he | ycering. . The nmulti-I|ayer nicr.obiol ogical
i nterception &AKNEOBICIN I“E%i'a\‘%‘? cﬁ‘?"g%‘i]/?ﬂ% ﬁ%v'%ﬁé%FeﬁqS? ?%i (!.\E}yg{apotfi grﬁ‘a bot h
posi tivel y1oanana?&ﬁél\ll'ggﬂ%!awin€é}éépﬂ%d A afteer @kir Gheiiaal A tiast geitmbiodagical, i n
applications where i's present, an adsorbent prefilter na gg needed to
preserve the dhterggotion enhancediftes inestivgilaer mﬂtkﬁ'é@ﬂt"ie&)’nc@%@%\ﬁ’ efi|ter

R LSRR SYEL APl Sl e T SR T
medi um of the iy eaRhiced ryebdhtactingr that exhofibeds dube with a negatively charged
compound or material such as a polycarboxylic acid mixed with a small
15  quantity of a crosslinking agent such as a glycerine. Heating the nanofibers
after soaking in such a mixture results in the formation of a coating on the
nanofibers of negatively charged carboxylic acid polymer crosslinked by the
glycerine. The multi-layer microbiological interception enhanced filtration
system is capable of intercepting both positively and negatively charged
20 microbiological targets. Again, in applications where NOM is present, an
adsorbent prefilter may be needed to preserve the charge on the
microbiological interception enhanced filter medium.
Filtration Systems With An Adsorbent Prefilter Combined With The
Microbiological Interception Enhanced Filter Medium
25 A microporous filter medium of the present invention treated with the
microbiological interception enhancing agent may be used as a flat sheet
medium, a pleated medium, or as a spiral wound medium depending upon the
application and the filter housing design. It may be used for just about any

type of fluid filtration including water and air.



m crobi ol ogi cal interception enhancing agent may be used as a flat sheet
medium a pleated nedium or as a spiral wound nmedi um dependi ng upon the
appl i cat i w0 @rdsdtibe filter housing design. It may be used Havugoamoosabout
any type of fluid filtration including water and air. W 03/064013

PCT/ US03/ 00067 24 However, the mcr ob|9 ogi cal interception enhanced
filter medium may be less effective in the presence of noderate to high

| evel s of NOM such as polyanionic humc acid and fulvic acid, due to the
decrease and eventual |oss of positive charge on the filter rredl umin the
presence of such atiougves t\"ﬁeW@ﬁ"@'Ogéﬁ%H”té'iiﬁP‘i'%teF‘Bﬁ%cedt filtgrz megiunhe

m cr obi ol ogi Cf'#T; ;MBEF% §§f‘étc iP&in ﬁw@&ﬁé&eve{ﬁ‘ b éraﬂ?ﬁg'h RLABef N lslq%ipe

substantially free o ave pol yani oni ¢ aci ds.
filtration syss @niyanmnicahmmtgamcﬂ\enmfclmmcm @@neaalthe nlteenewpandoewenmhanced

filter medi um,t hat., na in contagct w th flui,ds that co it
5 Drudert toone b E TRkl of 2 ftbr Mttt S e cecl a6 ot vent
prior to it canbrEdreNdsuche apphicatibho! oaliLtad that enierplidlogicanhaweegtién | t er
medium Alternatively, the p 05|t|veI¥ charged filter medi um can be forned

into a nultit§aBansed |@§Eérr§e@vﬂhékonass 8“'§t'§%l§”'€ﬁﬁa’§'ﬁﬂ\étféeeo?f 8% haniay si on

into a structlf& o Liddid ype of arrangement, the outer |ayers of the
filter medi um%% O:#H)q% lsacrlé ?ced to renmove the NOM while the inner

| ayers are protectéd anrdtlonpr oysteties | contpirting nthee duictabiol ogitalni ioeoteptdmgi cal
contam nants. Additiv rb or absorb y rated into
Che. i or opor osangtdetle Tt sMediumE oy Eon corhahuary GORn P SPRIS: ' hi s
costly | osp ofNoRELH sl &Uéént tBRlseahaddsoibler prefik@wongnryamm sNaRaké be ot her
alternative met hods for 20 arranging the protection of the filter nmedium

fromthe effedpiduest pREMo it contarting theduisrehielosic] intarcaption pmharced fiesf | | ter
Th bi ol
e mcrobio Qﬁ%o%hsor[ggﬁgﬁ\%ﬁ;{ Afe %%Eﬁﬁ()%%hg#g%ﬂggtemom% By RCHHEH

conj unction ‘tration serve to I ntercept
i nterferences ipoi omuldiuté el layeontiter aviat dadkhef shbets ge dyndonversioal iotn z al
structure. Under this type of arrangement, the outer layers of the filter medium
15  can be sacrificed to remove the NOM, while the inner layers are protected and
provide long-term reduction of microbiological contaminants. Additives that
adsorb or absorb NOM may be incorporated into the microporous structure,
including anion exchange resins. To avoid this costly loss of sacrificial
material, the following examples describe other alternative methods for
20  arranging the protection of the filter medium from the effects of NOM.
1. A Flat Adsorbent Filter Medium As A Prefilter
The microbiological interception enhanced filter medium may be used
in conjunction with adsorbent filtration media that serve to intercept NOM
interferences prior to their contact with the charged microbiological
25 interception enhanced filter medium. The microbiological interception
enhanced filter medium and one or more layers of an adsorbent filtration
medium may be used as a flat sheet composite, spiral wound together, or
pleated together. Such an adsorbent filtration medium may be manufactured

according to United States Patent Nos. 5,792,513 and 6,077,588, as well as



25 interception enhanced filter nmedium The m crobiol ogical interception
enhanced filter nmedium and one or nore |layers of an adsorbent filtration
medi um mawdos/odead as a flat sheet conposite, spiral wounddmgeshens; or

pl eated together. Such an adsorbent filtration medium may be manufactured
according to United States Patent Nos. 5792,513 and 6,077,588, as well as
WO 03/064013 PCT/ US03/ 00067 25 other processes in the prior art. A
particularly suitable flat sheet adsorbent filtration nediumis
commercially available as, PLE é?)%fron1Kx

tri , P, O )
ottt B pRcSssrain T PROAT-ork RUAFUA Ry LR, fat fech e | ¢ or

hydr ophobi ¢ pafifrhtdie tnedilith .9%@&%@& abaifdleds WLEkx® %n5 KX Gidabied, ogi cal
i nterception enhancing agent, although not necessary, and i mobi |i zed on a

substrate to rJJBv@@na@d@dnmﬁC@ﬁ@Tbl th@gﬂataﬁheemfléwa@@ptm@diunwmbmnt@mes in
addition to that, proyided, gdroéﬁ&g‘ $ olpgi el t%“ﬁ@été{?%tﬁ”!ﬂ%”ce‘j

filter medium Rtr&f east on sor ayer iS pre erab y aced upstream
fromthe mmrqblc@ébigiog&bl I'n’téleép‘tﬁﬂt emrernigaafgead liHoueh rrmdhemmmy, badr educe

t he del eterious eff on the m, i 0 cal (interception
enhanced f.uelmrﬂ%f%ﬁ?f O § %ﬁaépo.twpaai %@Bﬂ?—f{é& @%ﬂﬁ”'eﬂc nREHERRIION; | ¢ er

medi um can seryg.E%iHeN e aiditibs téliﬁa?tﬁ@{'lﬁ@d lb?/elﬁetrﬁlc%m&ﬁéﬂcalt feeradhiehbent
used to filter NOMfromthe influent fluid. For exanple; the upper |ayer

of the PLEKX @thuaucadjflbercmedb@w a Pgdeastmbaa@owﬁef layeeis. prEfesakjprdacstl t he
PLEKX 15 Conpoti%i/fz aﬂo:% n?oll)ll)%élcglnﬁ‘ggrggﬁtﬁ)fn gﬂ*na%gét? rfﬁt%f' tnée\gl&m ) hi gh

affinity for can b

m cr obi ol ogh Caledutentiey dél@teln@[]s effban ot NOM berthaedicwbnomigeall ayateptioan be
bonded into a single ohesi yve conposite structure using the P E, process
described in tAbAnGabilenEdEhed! 'Ef‘at”?éﬁ’f’?'ot"’ﬁﬂ@ AEOPTIPR on ABgedaliter

capacity fil t%e&uhfr%ér%e‘?yet £38ne20r tRE 9 sﬂ%t%s Gﬂﬁmo%bpou@%{é écszlb”éB?u eﬁ”d

m crobi ol ogi cal 1 nterception In a si n material. The core of t
PLEKX(r) st r uctoufileercd@M firoimu e tnfhwientel wndng@rmrxampltgrtbehuevnesIausneofuthef or the

?,?Z]?Ir |p: Ie?n of EI%CS%UC uorgzltca:llrﬁ1 Blant %artlculat%Agrelf:l'ltl ! erTh'ée/E(cj(l)rlélr%fA‘a\eApLE%(%or bent

15  composite can be primarily composed of an adsorbent with a high affinity for
NOM, and the lower, downstream layer can be the microbiological
interception enhanced filter medium. The layers can be bonded into a single
cohesive composite structure using the PLEKX® process described in the
above-mentioned patents. The result is a hgh dirt capacity filter structure that

20  provides chemical, particulate, and microbiological interception in a single
material. The core of the PLEKX® structure can include a wide range of
ingredients useful for the adsorption of chemical contaminants.

2. GAC Filter Medium As An Adsorbent Prefilter
The microbiological interception enhanced filter medium may also be

25 used in conjunction with a bed of granular adsorbent such as, for example, a
granular activated carbon (GAC) bed. The granular bed filter should be placed
upstream from the microbiological interception enhanced filter medium to
remove any charge-reducing contaminants, such as NOM, from the influent

prior to contacting the charged microporous filter medium.



The m crobi ol ogi cal interception enhanced filter nmediumnmay al so be 25
used in conjunction with a bed of granul ar adsorbent such as, for exanple,
a granul wo @oksioaat ed carbon (GAC) bed. The granul ar bed fRdTeso3sbmsal d be
pl aced upstream fromthe m crobiol ogical interception enhanced filter
mediumto renove any charge-reducing 02 tam nants, such as NOM fromthe
influent prior to contacting the charg m croporous filter nmedium WO
03/ 064013 PCT/ US03/ 00067 26 3. Solid Conposite Block Filter Medium As An

Adsorbent Prefilter The mcrobioqlogical interception enhanced filter

nedi um may al so be3- use&OII%CQWHP%WcﬁP%CH:'WrtMe‘%lug‘d‘M 4n MWE@?ttPéeffﬂF%ck filter
medi um preferably hed TNAY AR HRSL A fsom t he
m crobi ol ogi cal 5 thg‘ﬁgggﬁlgﬁcﬂﬁh{aen%gﬁg? ?ﬁlﬁﬁgeﬁeﬁeuﬁﬁgt‘) rermy\?e any

char ge- r educi nged éorbajunntert svithsaishlidsonphyitef bloak tilter inmddivranprefaraldy t o
contact with the mcrobiological interception enhancgd fi.lter medium The
activated car t?BH‘p”B'In@cECWO?ﬁ@ﬁWBe,pl?ﬁf‘? VSRS | Wﬁ'tﬁ‘& P?)',Crogl%%g' lterials
as activategd ahidriepion &RINcEES filtel ahediameods rembid, asy | tieagesducing

alum nosilicates, titanates, bone char, 10 cal cium hydroxyapatite
manganese oxi d@8RMIpYHS, oxiheds NRMndKm thedpilyans priar ioc conatty with the
particul ates, ¢l gy i t I ASanhl | 8&uhESTAS actiCRER T BSH and
conbi nations t 'eCFraaeb(')?Ibgggp&ge\ﬁ%ghgd%}hthﬁ%rﬁ?%r}:rﬁuc#ﬁgn 0 aC(;ont agléna?lts such
as heavy net alldockamagindude; hubis met, lingited tbpsudmpmatedals as taetivatet! aloodra, These

materials, as wel|] as. the activated. carbo may.. be treated with the 15

mi cr obi ol ogi caﬁef)l"i‘?f'eé'é qCSHusefﬁ{ghéll‘r?@te?igagw?"rkﬂ\é“'S?tef'ot'tﬁgﬁﬁsgvggfﬂﬁvcb?'i’ ed into
a solid comaaidenbydstyapsieN mamaidse sid3, Wohdbxides'madresin, peditgsses
known to one of skill in the art. Exenplary processes are described in
Uni ted States talpatRAYMRDS . Pastigilatey ) glayarigdased gesins2 iomhexaigngel edhposi t e

pock,car SORRCEn A, RGHGIANEONER Iy ok pAREGL] colgpaect o
Conbi ni ng Ads cadneantinfnte fudht asrteadynchetald, arseficothdgyireand o Enwepd faste aRdhanced
Filter Medim odor. These materials, as well as the activated carbon, may be treated with the
15  microbiological interception enhancing agent prior to being converted into a
solid composite by extrusion, compression molding or other processes known
to one of skill in the art. Exemplary processes are described in United States
Patent Nos. 5,019,311, and 5,189,092. The solid composite block can
contain an anion-exchange resin that is specifically selected for its high
20  capacity to adsorb NOM.
Complete Filtration Devices Combining Adsorbent Prefilters And
Microbiological Interception Enhanced Filter Medim
One particular embodiment of a filtration system of the present
‘invention includes a composite filter medium, as described above, including
25  the microbiological interception enhanced filter medium and the adsorbent
filtration medium. This device is designated to operate as a gravity flow device
with a driving pressure of only a few inches water column to a maximum of a

few feet of water column. The composite filter medium is forced to first pass

through the adsorbent prefilter and then the microbiological interception layer.



One particul ar enbodinment of a filtration systemof the present invention
i ncludes a conposite filter nedium as described above, including 25 the
m cr obi ol v @&e4d1mt er cepti on enhanced filter nmedi um and t PETAG®GNESNT
filtration medium This device is designhated to operate as a gravity flow
device wth a driving pressure of onlyz% few inches water colum to a
maxi mum of a few feet of water colum. “The conposite filter mediumis
forced to first pass through the adsorbent prefilter and then the

m cr obi ol ogi cal interception |ayer. WO 03/064013 PCT/ US03/ 00067 .27 As
shown in Fig. Asshawndrdigllary exemelary filtesidgrisn Hcermosiat ©€ CORPOLEHEL t e
filter nmediu . th ] k A ity j Lkhg a
cl am shel | ty[;%e&]j'gh]c 5@%?%?%?“%@8 6rﬁgflh[§ P%éjgiﬁgg®aha?g‘l§%p§§?i%gﬁml 'ehavi ng
an inlet 14, amdl@ureboFilterrhpasing & haé attaw ipegican1 D bavieg angnleRd4 dichg wi t hi n

a sealed cavity 5 defined_hy, the top rtion and. bottom portian s the
conposite fil t%‘?ﬁoﬁbcﬂoﬂfﬁ” ﬂg bV aHD?‘B%éc@ur A{%@gy]% n{'He aC]s,egLeg i onal
view of Fig 2defihed bpahé k@ pordidn and U@ﬁbﬁﬂcﬁﬂr@@f isi the composite Hieerfnosdimd from a
single sheet of a polyneric material and fol ded over t0£rovi de a clam

shel | confi gur2Q pawn oraaseyrptely inrbe crass sectiopglnyieiafdigid-t &oP RBEHIOM 20 i s
cut into 10 s LAl ly t [ ¢l osure.
Conposite fil t?r)%%mt% %Od{'{;“sa@eré r%%@?gqﬁﬁtggm%oﬂe?g%ﬁ?gu rqgé?t op
portion 12 is phreedandofoktedantt @prpdde batanithellnbntigmptiessed t oget her. The
top and bottom shel

portionsg 1 16 may be wel ded together creating a
wel dment 22 ar ound ﬁ%e‘?‘sseém”eré’epg}t?rphgqrf}g%sftefW‘?repﬁ%lﬂﬁuhw_gzﬁ. Y nto
i ITustrateghinsfes@ntidly thBaiR dndl sHapMef theldarfiUhs antlbalrby dompkite ke
interface between the top and bottom portions and the conposite filter

medi um i n t he megivon 28iis seeurgd rfp hndtem petignelft anbtop pigies s 2vigtiagesl on t he
clam shel |l enclosyre an S] i r I i [ Wi ot
will be unders?\(l)eégjot%ﬁgi 8%@%@%%%ﬁ%dt$%§segg§ |t¢1%n tflnee I?P{%Blgrb%d%e% Wi t hin
the filter houpomignsmag, be nusebk sebiedasgethert cramingld wietdrdertt @2 #06urmdittesi ves,

mechani cal clanps, and the . ljike. Alth h the filter. design has a clam
shel | encl osurgg‘)t'r?rﬁ’ér'f’li‘?rt’é}f fi %fsmaﬂ'ur%g‘ﬁgﬁs I'I,]Liﬂr‘f‘t@ﬁ g S'gsgcﬂ‘.%r%ﬁfﬁg‘ﬁ&aosure

15  substantially impermeable interface between the top and bottom portions and
the composite filter medium in the region directly adjacent weldment 22.
Excess material on the clam shell enclosure and composite filter medium is
simply cut off. It will be understood that other methods of sealing the filter
medium within the filter housing may be used such as, but not limited to,

20 adhesives, mechanical clamps, and the like. Although the filter design has a
clam shell enclosure, the filter design is not limited to such. Any enclosure
that may be sealed such that an influent will not bypass the filter medium
would be suitable.

' In referring back to Fig. 2, the seal formed between composite filter

25  medium 20 and top portion 12 and bottom portion 16 is such that water being
filtered is forced to follow the path illustrated by arrows A and B, and cannot
bypass composite filter medium 20. In fact, at the periphery of composite filter
medium 20, the pressure exerted by the seal increases the density of the filter

medium so that contact time of the water being filtered with composite filter



that may be seal ed such that an influent will not bypass the filter nmedium
woul d be suitable. In referring back to Fig. 2, the seal forned between
conposi t ewa d3t06401325 nedi um 20 and top portion 12 and bot tREm/yseso0wN 16 i S
such that water being filtered is forced to follow the path illustrated by
arrows A and B, and cannot bypass corrpg |te filter medium 20. In fact, at
the periphery of conposite filter nedi the pressure exerted by the
seal increases the density of the filter rredl um so that contact tinme of
the water being filtered with conposite filter WO 03/064013 PCT/ US03/ 00067
28 nedi um 20 imedikins 2Bein; fhtirc partipheseli wgians isi ereaseck @ndfdtration efidensy

ef ficiency enh%nced During production of the filter, assurances

concer ni ng the se? and assenbly integrity may be obt ai ned usi ng a vision
system and gas or (agimgsplodubtiguiodehd distei, regsurdites gancemirgethesgdal padse t est
uses a tiny pulse of dilute butan -oi|l. snmoke that (is entire

f
adsorbed or i rasereRlyiRigeny gy %Pg@fneld t a vigign sygiemy agd &ht P a%qu

penetrate a deffed kgl 'ﬂhte%ras og\é?&fol plifse 'tésf‘@se%ﬁ&%y@fu%@ﬂ’dﬂ@@ bultﬁih@vw to one
of skill in the art nay be used to methodically exan ne the ciuallt of the

seal between tfhgoflismeke theulisuentizel adbrsbeher dyaicepted doyraie infagtifilisr, kite il ter
housi ng may be u% féhl(%lc%erﬁé/l éDr%: g%fec 9é('flmae %ﬂh((af E@jlnt s ﬁ)&g'@e duldst er s

contacted w th"Wa pressure produce drostatic | oad
of the incom nighowat & onaus ekillt dptheodrt inay e usetidtoboiethmdicafiprexamimelthet o bow

away slightly fr proyi de a cl earance spa bet the inner surface
of top porti onq‘@%%ﬂgc}ﬂﬁé?eﬁ%ﬁwﬁﬁf‘tth%ﬁlteféneog‘t'iﬁ ae§ 4\%”@5 filter medium 20.
Thi s cl eargnce spacgeagsil ok thd mtéirl ISdusin@Uhiy Be SO AL FthRCARB fexiblB&oi Nf | uent
surface of conposite filter nmedium 20 and provi des drai nage of the

ef fl uent into tatwben 18 filRsfiecontaged withiwater3 the medest ipsessyravodticed it  pl an
T
devel opi ng coupéribed ewbehosy sakeslightly from and provide a clearance space between
the inner surface of top portion 12 and bottom portion 16, and composite
15  filter medium 20. This clearance space assists in distributing the water across
the influent surface of composite filter medium 20 and provides drainage of
the effluent into outlet 18.
Referring to Fig. 3, there is shown a front plan view of a filtration
system 30 of the present invention useful in providing potable water in a
20 gravity flow device that may be useful in developing countries where safe,
potable water of suitable microbiological quality is scarce. Although water is
discussed as the liquid influent, it is within the scope of the invention to
contemplate the filtration of other liquids. Filtration system 30 has a first
reservoir 35 that is a raw water collection transport container. First reservoir
25 35 may be a bag configuration as shown constructed of a substantially leak
proof material such as a polymeric material, i.e., polyester, nylon, a polyolefin
such as polyethylene, polyvinyl chloride, and multi-layer films of the like. For
ease of use, first reservoir 35 may have a reinforced opening and a handle 36

for carrying and hanging first reservoir 35 to provide a pressure head during



pot abl e water of suitable mcrobiological quality is scarce. Al though water
is discussed as the liquid influent, it is within the scope of the

i nvent i onwioons/oeensenpl ate the filtration of other |iquids.pdArisosmoicon
system 30 has a first reservoir 35 that is a raw water collection
transport container. First reservoir 25_35 may be a bag configuration as
shown constructed of a substantially | ed proof material such as a
polynmeric material, i.e., polyester, nylon, a polyolefin such as

pol yet hyl ene, polyvinyl chloride, and nmulti-layer filnms of the Iike. For
ease of use, fiftragipony é%@frembiyr, figst repgyvoifalfehas ¢ easpdlahle epeniperd’nigaawbiem handl e

duri ng w0 03] GRAELS PRF kS obhE *EBFIIT Fal ke LSRG © Moo
reservoi r 35 haewa toeseablaskile ioplenangriday hadudshahreadeals eperpnpwidies a

substantially water-tight seal. Such reseal able openings are known to one
of skill in tRE°HI" & may include a threaded opening with a screw on cap.

5 First reservoir BhstirsseVdi €6 abpier@aibty RRAMHPH it an Qutdithooae s#éh such
that water stored in the reservoir may be drained for filtration and

eventual  usethabwaset stawsleingthe|resasyair Braxtiey dipined @r filiraiionoangl evehiiagr ade of
flexible pol r. h d ?ﬂqf ifgqa. sinple
clanp. CQut pu%ﬁgﬁos%aggpﬁasye %@q?)g)ir)erfr%‘ﬁ%%brﬁ?/&gw@c%e %Ifefogfag?uc?e@%}bs%i r 35 by
ul trasoni ¢ 10 pebintirngOotput bbsei 4@ chagi bepdpenby ahdi ddsed nusing@ut pitrtpldolamp4 0
preferably has_an i rnal extension end 42 within fi r,ﬁ:%%g);/aﬁ rvoi.r 35 such

I nt
that internal YPWHI58A0 reaybearerBRp ety AURERRALO IR rBRSEYad; @SENic st

reservoir 135 tv@slc_ﬂlh?Vérdtféta%bd%iﬁﬁ)_I)f By frie@eH. U MPuS RNEG toréBAbICRL et tl e
prior to water filtration. By limting the anount of sedinment present in
the influent patemal exenderend tR tyitdin Grst rasaeroirs®df wich thd infefral extensien

filtration sy i r 1 jyst reservoir 35
to a filter 1onaqaan My aPOartc potbRr diRS: EoaERSEd Srolldeih ABRE Y 1 of
t he present i raptatingredifent ltizatpcadSserthy pther fo taed fdmatiomt pBY Ihoisiag4be at any

i I he | h of h ) h cl Il k i
{)glen;r? gﬂg Erﬁ%%‘g’p %gqq%plétoryrtege%tt int Séeinfltgent?#i%r to(:w%@?ilt%rt%ny\ﬁ\e usetqj?vm '

15 life of the filtration system is prolonged.
Output hose 40 connects first reservoir 35 to a filter 10, described
above, including the composite filter medium of the present invention. A
clamp 45 may be fitted on output hose 40 at any point along the length of
output hose 40. Such clamps are well known in the art and may be a simple
20 - one piece configuration made of a flexible polymer or metal. When the clamp
is in an open position, water from first reservoir 35 flows freely into filter 10.
Filter 10 is removébly connected to output hose 40. The outlet of filter 10 is
then connected to a second reservoir 50. Second reservoir 50 serves as a
collection vessel for the filtered water or effluent. Alternatively, filter 10 and
25  second reservoir 50 may be connected together via a second output hose (not
shown). Second reservoir 50 generally is equipped with a means for
dispensing the filtered water.
The above filtration system may be used as follows. A user takes first

reservoir 35, with or without output hose 40 attached thereto, to a water



20 one piece configuration made of a flexible polynmer or netal. Wen the
clanp is in an open position, water fromfirst reservoir 35 flows freely
into filteo ®Me4018ilter 10 is renovably connected to out prCTho®e/0dB7 The
outlet of filter 10 is then connected to a second reservoir 50. Second
reservoir 50 serves as a collection vegéel for the filtered water or
effluent. Alternatively, filter 10 and second reservoir 50 may be
connected together via a second out put hose (not shown). Second reservoir
50 generally is equiPped with a means for dispensing the filtered water.
The above fil tsoutceoril sytpubhoseedp isstillotached Pdirstagervon 33 eflampadnyitr st

reservoir 35 i L, o th LRGHE, QHIPHLNARE: 49 Al BENSLICH NSy Bhay e vt er

WO 03/ 064013 sour ce. out put hose I's still attached
to first resermigt fes@&voircsaiRfilkd wiidst quastityrof aaw|watedapbis tperingrgdinr st

reservoir 35 must be sealed by other neans., _First reservoir 35 is filled
with a quantits§alse "Yﬁﬁ@ ta%f’é‘?’ %Ht?si?'fsé rSEYRITg bcfégi%?'na péezgrlr%ogfo\%tﬁnes%che user
carries first fegeeviabfce3d Paskdsabid Macftks med hWagatisofortartinadawita

residence. It is possible that the raw water is contamni nated V\féth
mi croor gani smeMERPreddshe and cherued! rrentasniBgYs Y MeY ek hsopeiBble: T8
facilitate fli lfta{:i%%ea eotﬁ(ijtrafti'ohstﬁrﬁ GREVAI B53R dSpHIRACNIRG S Froft BIs B 2
support nmeans:’ Dépending upon any significant sedinent” present as

evi denced by e dDependife upaw anatségnificanakédiment peserdrmi evidanspemged for a

eriod of tine 10 sufficient for the sedinment to settl.e bel ow t hei ght of
Pnternal ext en&f ?ll'tyeﬁée rap Waterdlg @ B‘E"eﬁégée'ﬁ@nvﬁ”f'?ﬁnﬁe‘% ifP's pF%%dePeﬁP“F 3%. o

course, shuyl d ffigeabieiheRBdintedt & iat®d YelolveRé helghBbLintendlexR@eidntedds uspend
first reservoir 35 for such a period of tine. tput hose 40 is attached

to first reser4dpfo@But haseOawithindirst regatiicedOf sperseshariddhe ywafgrbeer 10.
Filter 10 is secure 0.S r I [l I the filtered
water. C anp 4 ?qlg'geltg'hctéenar'pﬁ%g%gg nf)ﬁ]%g(ﬁl\(o.(;%)t(esﬁgrgdoé?’¥ {egéer8gr?éq§{1§e&a/§t ng(r?'ops

al lowed to flouf kinfe0 fOlithar hdbée witeisehitachbé toafiet remoeit BBatfedreviduslyugh

conposite filter nmedium 20, is rendered, potahle, and collected in__second
reservoir 50. d¥agiedsar éeq”@ﬂ;?cfﬁ?f)ﬂpi tF)'/]Peéfmt'ﬁéeCPf‘? ‘Lé’rsgﬂoﬂ}ﬁgfeé?r,vo‘trﬁg

15  for collecting the filtered water. Clamp 45 is then placed in an open position
and the water is allowed to flow into filter 10 wherein the water once treated
through composite filter medium 20, is rendered potable, and collected in
second reservoir 50. To preserve the potability of the filtered water, the
surfaces of second reservoir 50 may be made from or treated with a

20 disinfectant or with the microbiological interception enhancing agent.
Preferably, the disinfectant used would not alter or affect the taste of the water.

Typical water flow rates are about 25 to about 100 ml/minute for a
device equipped with a filter of about 37x5” size and operated at about 6”
water column pressure. This provides one liter of potable water in about 10 to

25 40 minutes having at least about 6 log reduction in bacteria and at least about
4 log reduction in viral contaminants. Continual use of filter 10 will likely
develop, by progressive deposition thereon, a layer of particles that will slow

the flow rate until the filtration process takes an unacceptable amount of time.



surfaces of second reservoir 50 may be made fromor treated with a 20
disinfectant or with the m crobiological interception enhancing agent.

Pr ef er abl wo @3lwe4adB si nf ect ant used woul d not alter or affedcwis®speste of
the water. Typical water flow rates are about 25 to about 100 m/m nute
for a device equipped with a filter of ggout 3"x5" size and operated at
about 6" water columm pressure. This provides one liter of potable water
in about 10 to 25 40 minutes having at |east about 6 |log reduction in
bacteria and at |east about 4 |og reduction in viral contam nants.

Conti nual use Athouigh ther fla raie ig difinigheg, thediler vyl meintaip dignaispiRtosiedlosi ti on
t hereon, a layer of .partijcl i | | the flowrate until the
filtration prdgéeécseLPgﬁgéﬁ%ﬁlﬁﬁeﬁg%?enp%%ﬁdgé?rgr%\%drit of time. WD 03/064013
PCT/ US03/ 00067 31 Alotien gevity lewf deviceriatapomting afiliershediymt ¢dfahd present wi | |

maintain its nicrobio]ogical interceptio apabi |l i.ties for xt ended
peri od. Anot hePVgriQPi trvﬂﬁeﬁ)v?”dﬁ’\(ﬁr%@a'iynﬁﬁ?%o‘geif g élli"fs:?rf“tegrmrrg%l %‘m*ocgf t he
present invenilicpRgl fi6tikgland afispenan®litededomatef or deth gids Altholghréked in
Fig. 4 for 5 filtering, stori n_'&;mand di spensing filtered water or other
fluids. Al thouenfe ehowar i @rigreiin rPendsr theaearple POUMAY aSHEN ANf 8hap8 nay

assunme any shap en%ﬁm@&rj}gl‘\gg LHQQF%%h&ir&ﬁﬁ%ﬁ,%ﬁ@%gﬁ&%ﬂhgsi%ﬁgfg%ié&aArrB‘t ter

of design choi cez). cara as a housi ng e 64 and
cover 66. Car af=®icbéarafe hadiavhalathg 6 evith d bavelle dsadvaiver 66. sCaafeg® shanber

68 and an upper, reservoir 10 78 that are encl osed lLid 70 and cover 66
| ocat ed wi t hi ndiKEESiAG %%?W%HSW"O"?T f’tQF?igFicﬁﬁ Egr f’zﬁ\énﬁj ERotPRE" 67CFPI"t er ed

wat er thropgh PalfHathrethcRised bNidd® arfdh@VBebs RateRPETin heG8AY BRI Sgéutand
storage chanber 68 are separated by partition 80 that is provided with a

filter receiviy facibiatesatieeradmvab\df rigtesed opriern Hyoygibtoutlets 74helusiorags t he
bott om t her eof h I R enbodi nent, a flat conposite filter nedium 76 of the
: ambe . . SR |
present invention 1s placed into filter receiving receptacle 85 with a
wat er tight seal tdJpmgrregatdr OPpead steesger chainber 88 ane sqianated) by qladitiver  68.
Pl acement of filter. rredi_gm 76 into filter recegt a%%% 85 may be,
80 that is provided with a filter receiving receptacle aving an’opening (not
15  shown) in the bottom thereof. In one embodiment, a flat composite filter
medium 76 of the present invention is placed into filter receiving receptacle
85 with a water tight seal to segregate upper reservoir 78 and storage chamber
68. Placement of filter medium 76 into filter receptacle 85 may be
accomplished using means known to one of skill in the art including, but not
20 limited to, a snap or hinged mechanism. Filter medium 76 is preferably
manufactured as a replaceable cartridge. Other features of the carafe design
may be incorporated into the present invention without departing from the
scope of the invention. The filter medium may comprise any microporous
structure having a mean flow path of less than about 1 micron and so treated
25 as to provide at least about 4 log reduction of microbiological contaminants
smaller than the mean flow path of the filter medium. Preferably, the filter
medium has a volume of less than about 500 cm® and has an initial flow rate

of greater than about 25 ml/minute.



acconpl i shed usi ng neans known to one of skill in the art including, but
not 20 limted to, a snap or hinged nechanism Filter nedium76 is

pr ef er abl wo osmaufiact ured as a repl aceabl e cartridge. O herrdTeegosnas7of the
carafe design may be incorporated into the present invention w thout
departing fromthe scope of the inventiqgn. The filter medi um nmay conprise
any mcroporous structure having a meart fl ow path of | ess than about 1

m cron and so treated 25 as to provide at |east about 4 |og reduction of

m cr obi ol ogi cal contam nants smaller than the nmean flow path of the filter
medi um Pref er abl y A vies wquld peur rawavaies iRtesurpey esaiveirgie andsadlonnig ra%out 500

cn8 and has a%&g%t}%%g%wrg%r@{e? meQifiurgr7|% gfer 030 @ReL bf grvi./ Ifﬁt@l‘éye' WO

03/ 064013 PCT/ user wou our raw water~int'o uppe
reservoir 78 amateaislcolledtbe in storagevahanbdr®8passthe avouglkerfpabsee throegh thn 76

under the inflyence of grayity. Filtered ter.i.s col|ected ,n or age
chanber 68. Asfﬂfelﬁé“‘?‘ﬁvvmvx%f?téf _%?QEEWFW%ESW tflficignt, g C}rbmeu%'heoﬁﬁetrhe
present inuenthefum tdhdew fHeChallr sRMBIady bioWRiing Rehfgh! GitF r&duregh ush render s
the water potable by providing a high titer reduction of m croorgani sns.

The 1 og reducthisrowaniens.L RTNe ofogniredustipparalsasLRY) e pergersaniseonist he
contact tine Oéepter?ﬁ?erft'd %)ﬁrthg%gﬁtgg?t%é Br 0Gidt MMING, VRkhShe flolfhd vt de about
8 l og reduction'val ue &) m croorgani sns, the required contacttine is
about 6 to abomd plévidecahods.8 1 Gahuafien 6@lurayl alis@ohmusman thendeéqatedr (not

shown) that allows g user tq k%ﬁg tﬁ€0k of the age of the filter to gauge
when the usef ufoNct Bmgis phte to@BPUt HEE¥COMIShas been expended. Ot her types

of indicatgys may at§erel® MaPdiss Yable aRmdtbMAbCHWN) kit allowh Galség t he
nunber of refills of carafe 60, for nmeasuring the volune of water or

liquid that pakesestradirefuiph agheoffthe fiter fregaugm whendtheheseful dife jok ghe Gtterer
Lo, S/ O DB SR BBe  BR L2
appl i cati on sughardmdicator for indicating the number of refills of carafe 60, for measuring
the volume of water or liquid that passes through the filter medium, and the
15 like.
Other Filtration Systems
A filter medium of the present invention, in particular, the composite
filter medium, may also be incorporated into a point-of-use application such as
a sports bottle design for use as a personal water filtration system operating
20  under a slight pressure, about 1 psi. A suitable sports bottle design is disclosed
in International Patent Application No. WO 01/23306 wherein the filter
medium may be incorporated into the filter receptacle of the sports bottle.
For other point-of-use applications, the microbiological interception
enhanced filter medium of the present invention may further be incorporated
25 into end-of-tap (EOT), under-sink, counter-top, or other common consumer or
industrial filtration systems and configurations for use in pressurized systems.
The filter system may include a prefilter comprising a bed of adsorbent

particles or a solid adsorbent composite block. The microbiological

interception enhanced filter medium can be a pleated or a spiral wound



a sports bottle design for use as a personal water filtration system
operating 20 under a slight pressure, about 1 psi. A suitable sports bottle
design i swdi Bolbeded in International Patent Application NCT/W§03000623306
wherein the filter nmediummmy be incorporated into the filter receptacle
of the sports bottle. For other point-of-use applications, the

m cr obi ol ogi cal interception enhanced fﬁjt er medi um of the present
invention may further be incorporated 25 into end-of-tap (EOT),

under -sink, counter-top, or other commobn consuner or industrial filtration
systenms and cof@NSHUEtan sidomesd (nie aj thickrmaatshy vaeens {esemakien onThauifable er
system may i nc Ltg, falyasly 1 Qadsorbent particles or
a solid adsorblgﬁﬁ&?gt&%rg%t%e b§tf8k r%r%%éﬁggﬁgrlt@é caI i nterception
enhanced filter medium can be a pleated or a spiral wound WO 03/ 064013

PCT/ US03/ 00067E 33 Iconstructi on, or fornmed into a thick mat by vacuum
formati on on a~fR'Sble nandrel to create a wet-forned or dry-formed
cartridge. £xanpl esThédfollB&ifgba Iékgar@bﬂmﬂ!e%lstoaﬂ@sttﬁfé)t\h'e%@sehplrivlerlmﬁ)cﬁwtrate

t he present inventi on and shoul d not be construed as limting the scope of
the inventi on. ambshsywd P?t hey ganiseged syl iigag therseepe of B invenighomat ed Capillary
Fl ow Poroneter av f P s n York

Par anet ers determ ﬁig(%fa us nSEglRJs%tsa\&g ?@E%g‘idﬂr}‘e@” pAu matha Eﬁ%ﬂl’a{ he

equi pment  nmanuPammetar ,avaitddleid dome dforbhsovivipieriels si lne., aftbagas N(e&u rYork

pernmeability. hef f air S assayed af variabl e s e on both the
dry and wet f[18F %dg‘?}ﬁ‘im'ﬁfe orUStT§ \ANAR(FhsProf rﬁlg‘é& i QY e

initially 10 Megspthehn Hahdfe@0reRl lindl@de ahedrtafdw 1Bofd %Weesanﬂh he @gj d under
hi gh vacuum Zeta or streani ng potentl al of various filter §| a was

determi ned usi Rgymepbiliy.r Eaaflay qhetrevasiassayasat wiriblenragsutauen bath thedsur ed
with a Bl -EKA Flucﬂgffétor”lt 'rﬂ&j k@ A@@éy%c? Vrﬂhé alR{a Gitfel anlcﬁp]@Fu mlpally

| nstrunents, tsv rumen
anal yzer, a fl| abmsheein n’easuonl fog ackehdt, 10 reulnemtmoﬁllesmelcauwea h@]t\aacamﬂt r ol
system The anal yzefetla r(g(r:ls‘[lrje(gl(;}r'\s‘lnéﬁpg’ce%altoﬁ‘)various filter media was determined using
15  streaming potential and streaming current measured with a BI-EKA Electro-
Kinetic Analyzer available from Brookhaven Instruments, of Holtsville, New
York. This instrument includes an analyzer, a flat-sheet measuring cell,
electrodes, and a data control system. The analyzer includes a pump to
produce the pressure required to pass an electrolyte solution, generally
20  0.0015M potassium chloride, from a reservoir, through the measuring cell
containing a sample of the filter medium described herein. Sensors for
measuring temperature, pressure drop, conductivity and pH are disposed
externally of the cell. In accordance with this method the electrolyte solution
is pumped through the porous material. As the electrolyte solution passes
25  through the sample, a displacement of charge occurs. The resulting "streaming
potential and/or streaming current" can be detected by means of the

electrodes, placed at each end of the sample. The zeta (streaming) potential of

the sample is then determined by a calculation according to the method of



produce the pressure required to pass an electrolyte solution, generally 20
0. 0015M pot assium chloride, froma reservoir, through the neasuring cel

cont ai ni ngycen3gaspBe of the filter nedi um descri bed herei n.pC3eUseNa6 or
measuring tenperature, pressure drop, conductivity and pH are di sposed
externally of the cell. In accordance w,2th this nethod the electrolyte
solution 1is punped through the porous fdterial . As the el ectrol yte

sol ution passes 25 through the sanple, a displacenent of charge occurs. The

resulting "streamng potential and/or stream ng current” can egﬁgetected
by neans of tHairbwithast pedieMastis) deatqtakes dafion agspunbfthe neongasyity. €zeta

(stream ng) pﬁ&%% of . the sanple is then determ ned by a cal cul ati on
according to the t hod of WO 03/064013 PCT/ US03/ 00067 34 Fairbrother and

Mastin that takes iBatwerialccdwaHengehe ot othdufittenirmgdiaf wene pefaedoluying.

Bacterial challenges of .the, filt.er di re performnme SIRL syspensi ons

of Escheri chi a?”EQﬁ%IS'OBf % Scﬂﬁ{éfli'%a‘f?%g gp%%”ﬂ%&@" 831%@?#‘&{& gguefci?&:) No.

11775 to eval YAecs he. respengeeluate factepoe whalbkhengs. chbllengesmagse to

viral chall enges was eval uated using M52 bacteriophagngIT No. 15597-Bl.
e/‘f

The Standard Op&ase iy VPRbekallsnsss whs prRiuATOEsHEoWsH whagh 6phGat i on of
the bacter! um g Relef! %Q%da@@lpgltraﬁgg@"}&edmeg RIHONIBCCREreDIRGCAU €S,

as well known in art, were used epari ng and quantifying the
m cr oor gani snefoi nptophgatidne ofnftheebactaridmefdndu dractenibphadet ensd staatldrdnged

i th suspensions qf the m crobiologicgl particles. Ex I 1-3: Filt
VI\\/AEdi umul\/gde I\NQ‘W“%H?'PE%? BFof I%ﬁ'la }@ieaéﬁngwn('&%Q'F'a‘f’?r\%g:;ge‘g?(frtpé?pwléi u(r?r nmade
from untreaj echddyQedtityifd BRI RidAsHEdsnds WEFIh theOMilud®t St &l Qént P GiltbrsO. 3 t O

about 0.6 mcrons were prepared in accordance with the follow ng nethod.
Dry EST-8 bi nddhallengsdrwithsusparsienswbitignmicsbiologialparideser cial |y avail abl e

from Mni Fi bergendgis - 1-48Srfd! | MeliuiPeRERE Wit UrltredfeddQlyBRIF SHibYRL eF
(Comparative)
Filter medium made from untreated lyocell fibers having a mean flow
15  path of about 0.3 to about 0.6 microns were prepared in accordance with the
following method.
Dry EST-8 binder fibers having a weight of 0.45 g, commercially
available from MiniFibers, Inc., was fully dispersed in 1.0 L of deionized water
in a kitchen style blender on a pulse setting. Fibrillated lyocell fibers with a
20 Canadian Standard Freeness of 45 and having a dry weight of 120.0 g were
added as wet pulp to the dispersed binder fibers. The dispersed fiber mixture
was blended for another 15 seconds. The fiber mixture was poured into a
larger industrial Waring blender with an additional 1.0 L of deionized water
and blended for an additional 15 to 30 seconds. The fiber mixture was poured
25 into a 30.5 x 30.5 cm? stainless steel FORMAX® paper deckle filled with about
12.0 L of deionized water and fitted with a 100 mesh forming screen. A 30 x
30 cm? stainless steel agitator plate having 60 holes of 2 cm in diameter was
used to plunge the fiber mixture up and down from top to bottom about 8 to

10 times. The water was removed from the fiber mixture by pulling a slight



in a kitchen style blender on a pulse setting. Fibrillated Iyocell fibers
with a 20 Canadi an Standard Freeness of 45 and having a dry wei ght of 120.0
g were addedd/oasiset pulp to the dispersed binder fibers. PlUTRUSIBOQEr Sed
fiber mxture was blended for another 15 seconds. The fiber m xture was
poured into a larger industrial Waring,plender with an additional 1.0 L of
dei oni zed water and bl ended for an add?’ ional 15 to 30 seconds. The fiber
m xture was poured 25 into a 30.5 x 30.5 cnR stainless steel FORMAX(r)
paper deckle filled with about 12.0 L of deionjzed V\@ter_ and fitted with a

100 nesh f or mivagruse belaw the depkle topusgrihedfibgrniosoEmareibe wige-+ LN5E e at e

havi ng 60 hol gs 0 ' =Tas= i HellR@fh 4N Xture
up and down f%(l)JHﬁ f&ﬁet%ytéorg? om a{i),gs{y{aﬁ%ﬁegﬁﬁgwtﬁﬁéﬂgéﬁnﬁﬁgﬁgg% er was renoved
from the fi berasiunh puenpby pololve addisiosdlieghess WOISBre0BYORIrEGT AWIeBYadD067 35

vacuum bel ow t he deckle to cause the fibers to form.on th 1.19. ce the
bul k of the \Néff@Pﬁmg'aFSﬂWé'&P péﬁﬁrp'p‘e?rﬁé‘ﬁ?talﬁ‘&er&é‘i'ﬁﬁ %hgeeFLSSEB%{:VS{?g|ff°émhed with
a vacuum punphd ocrE&aNE cafthidddonah aexeesShedl @&t both @phndobatioaat Eha
relatively smooth, flat, fairly thin paper-like_sheet. The resulting sheet

i s separated fooomitatiocneofsdiegisris Zaathe &t 17-147ak8)l‘@f!?|%rr°§'ﬂéé%‘“ &% both
top and bottorm, Il?'c?%&e?%{é%h&BnBBth%ﬂu%%%ob%gHﬁ%tdeIF]é HeeBOTHM dReds 2. 27 kg

marble rolling 'Bl n renove excess water and snmooth out the top surface
of the sheet. thtre pidedt bétsveeh hiso [riestc @dd baryweletiet whedty @oH placeddiop &l ot t er

sheets and pl ace a, F r)y s ryver, .for about, 1 .Aab 15

m nutes at abdFLQ'%‘fggg.Shﬁgrﬁ% iéﬁ%@&%ﬁ“ﬁ %?‘Xﬁééifﬂ%“f%é ag%%%ugé?gdéf ?ﬁrgn t he

bl ot ter shget s4-pRAGIIRF heeh i iDephrgdRfom theblo@RMigets)anghiektly hysaed bar about
5 mnutes on each side to activate the dry binder fipers. Table shows

the poromet ry thadORMAXRshashsiver foj abeutd> miutigsen speprsieriectivaie e 4nér  nedi um
made from unt rtﬁg(gegq. | vocell fibers of varying thicknesses 15 nade using

t he above process. "PX [E | Mean Flow Path and Poronetry of Filter Medium
Made Wth Untreat edrable | shows the porometry and air permeability test results performed

on filter medium made from untreated lyocell fibers of varying thicknesses

15  made using the above process.
TABLE |

Mean Flow Path and Porometry of Filter Medium Made With Untreated

Lyocell Fibers

Example # Sample Thickness | Mean Flow Path | Gas Permeability
(mm) (um) (L/cm? at 1 psi)
1 0.45 0.3804 5.48
0.66 0.6708 4.50
3 0.63 0.4316 5.30
20 © The resulting filter medium made with untreated lyocell fibers had a

reproducible streaming potential of about -9.0 millivolts.

Example 4: Filter Medium Made With Lyocell Fibers Treated With The

Microbiological Interception Enhancing Agent
25 To a blender were added 12.0 g dry weight lyocell fibers as a 10% by
weight wet pulp having a Canadian Standard Freeness of about 45, 0.45 g



Lyocel | Fi bers Exanple # Sanple Thi ckness Mean Fl ow Path Gas Pernmeability
(m) (pm (Ucn2 at 1 psi) 1 0.45 0.3804 5.48 2 0.66 0.6708 4.50 3 0.63
0.4316 5. 9@ B0edthe resulting filter nmedium nmade wi th untr estTadsoByasel |
fibers had a reproducible stream ng potential of about -9.0 mllivolts.
Exanpl e 4: Filter Medium Made Wth Lyoc Fi bers Treated Wth The

M crobi ol ogi cal Interception Enhancing gé)ent 25 To a bl ender were added
12.0 g dry weight lyocell fibers as a 10% by weight wet pulp having a
Canadi an Standard Freeness of about 45, 0.45 g WO 03/064013 PCT/ US03/ 00067
36 SHORT STUFIS(#QRESTUEF@DE%%P rﬁebéb%rs g 9. Lodiowé?%maieéd Thereixturghe

m Xxture a%%%eﬂ%&ﬁ@ﬁ?érﬁ%@r rcﬁs by ﬁ’\@q{léﬂﬂw wkR adfed bl ender

was added 3 % aqueous solution and the
fibers bl ended.0 wiltdfi MERQWEREIAT @5 mOaQMﬁouabolutloa@nééh@ﬁ’d@“S Alededft to

stand for at Aft abo L 6 wer e
poured into a"%‘fe}’a Mgﬁgﬂ}l ncﬂ&g qrta s‘f‘foé’ ijﬂ “166%‘?3%%5%%% ng wire
and excess swat@but 6HoURd AfERd®bHUt U%@Uﬂdmhe'ﬂlﬁrd'&éw poungd pitd fa sedneletd 8vas
rinsed with 500 mMl of deionized water. The excess water was again, renoved

by vacuum A dn¢huBat iarifified with p 408 meshuforginsanise 3pd rexgess watey impveder t he
pul p_sheet —1Q, tyg, {?Jc?l\flhdeﬂieeteguIﬁﬁgBﬁfﬁrsﬂe@tWaéﬁ%s\éd@\M 500 Rl @Y b&bRGegbout

0. 1425 g of silver per | ver nitrate solution was left on the
pul p sheet forwaér. IE&setxcedstter\&Bagalmu’emSVMUyemss wat er renmoved under

vacuum pressure. The, si r r shee hen torn |n 0 sma I

pi eces and pl aced i d'Z”?\ﬂ eN@{t?aﬁ Oi‘ftla-pﬁ' S RAYEEG &Y ?iy?\éeédhef% Ip sBESE™ of

dei oni zed (At & prdvide fNEkpdsite Bhd RAELOR, dovidling &% WBRQIAT 6f)sill&lpegol ut i on
was added to the dispersion and the m xture blended for abqut 10 m nutes

and the cont ersheetpolieetivennisrate sdutmwaple§ amihe pulp sheet for at least about

15 minutes and excess water removed under vacuum pressure. The silver-
treated pulp sheet was then tom into small pieces and placed in a WARING®
blender and re-dispersed in 2.0 L of deionized water. A second 3.0 ml portion
15  of the MERQUAT® 100 solution was added to the dispersion and the mixture
blended for about 10 minutes and the contents poured into a 30.5 x 30.5 cm®
stainless steel FORMAX® paper deckle fitted with a 100 mesh forming screen.
Paper-like sheets of the microbiological interception enhanced filter medium
were made in the same manner as the untreated lyocell filter media described

20  in Examples 1 to 3.
The zeta potential of the filter medium was consistently greater than

about + 10 millivolts at a pH of about 7.0.

Examples 5-23: Comparison Of Microbiological Interception With The

25  Microbiological Interception Enhanced Filter Medium Of The Present
Invention And The Untreated Lyocell Filter Medium

Sheets of fibrillated lyocell filter medium either untreated or treated

with MERQUAT® 100 and silver, as described in Examples 1 to 4, were folded

twice and cut into standard cone-shaped funnels and placed into small



stainl ess steel FORMAX(r) paper deckle fitted with a 100 nesh form ng
screen. Paper-like sheets of the m crobiological interception enhanced
filter nediowsoswEase rmade in the sane manner as the untreatred/vsoeoealsl filter
medi a described 20 in Exanples 1 to 3. The zeta potential of the filter
medi um was consistently greater than ag?ut +10 mllivolts at a pH of about
7.0. Exanples 5-23: Conparison O Mcrobfological Interception Wth The 25
M crobi ol ogi cal Interception Enhanced Filter Medium O The Present

I nvention And The Untreated Lyocell Filter Medium Sheets of fiﬁ)_ri | | at ed

| yocel | filtenstenifdediglass threluntDeianised ovater was aged \ip tRremesk@dsh (Hier 100 and
silver, as described |n Ex ; ; i into
standard cone-'g%dé ed é%ﬁ%‘ﬂmgﬁéZ%I@E%ﬁvﬁr%%%'%bfa%c%g%giﬁ%g e

PCT/ US03/ 0006 houdsd sirengh itaedfilgrasadf tnenefflsentDeiatiecteddinnatesite B89 mded to

pre-wet each filter dj u roxi matel y.125 af rious .

m cr obi ol ogi czﬁlrleﬁ'ﬁ'éb’?rgfﬁa@k% %Ag’ﬂ“%ﬁ?”@&e f‘ﬁ’i‘?fiedingﬁ?galf %‘ﬁ‘ftgps'néjﬁj(ﬁ)“f%%

ef fluents ol I.agt prtdd oht Geird @lihad Bllows! canEyEr labbagdks. pibaedwéd lasent s
were subjected to serial dilution in duplicate 5 and plated on petri dishes
fol | owi ng st ardauited fabeack egnipngoddeft everaight NI krptechinclRatersoI§ani sm and
| eft overnight in,37 i esults

wer e recorded.ne"i‘g%ﬁwegl| Fk%gte%%gr\{‘)g}g?g%(ﬁééq'og&?%l&gﬁ%ﬂ%\iﬁéulggq%?u%%ieri es of
tests run usi ngluds&f abieaibogi wsts rahatihg ngesbivhagicalichallahges made »dth gt er . 10
TABLE Il LRvs of Filter Media Made Wth Treated And Untreated Fibrillated
Lyocel | Fi ber dopigedwaterco| i LRV E. coli LRV Ex # M2 LRV M62 LRV (Treat ed)
(Untreat ed?0 (Treated) (Untreated) 5 9.2 - 14 7.47 -

TABLE li

LRVs of Filter Media Made With Treated And Untreated
Fibrillated Lyocell Fibers

Ex # E. coliLRV E. coliLRV Ex # MS2 LRV MS2LRV
(Treated) (Untreated) (Treated) (Untreated)

5 9.2 - 14 7.47 -

6 9.2 - 15 7.47 -

7 9.2 - 16 7.47 -

8 9.2 - 17 7.76 -

9 9.2 - 18 7.76 -

10 9.2 - 19 7.76 -

11 94 <1.0 20 8.58 <1.0

12 7.65 <1.0 21 8.58 <1.0

13 9.98 <1.0 22 8.67 <1.0
23 8.19 <1.0

— = Minimal to no reduction.
15

As illustrated in Table i, the filter medium made from lyocell fibers
treated with MERQUAT® 100 and silver provided significant microbiological

interception capabilities as compared to filter medium made from untreated



6 9.2 - 15 7.47 - 7 9.2 - 16 7.47 - 8 9.2 - 17 7.76 - 9 9.2 - 18 7.76 - 10
9.2 - 19 7.76 - 11 9.4 <1.0 20 8.58 <1.0 12 7.65 <1.0 21 8.58 <1.0 13
9.98 < 1. w@B/0848F < 1.0 23 8.19 <1.0 -7 - = Mninal to rCwesaoodcon. 15
As illustrated in Table Il, the filter nmedium nade fromlyocell fibers

treated with MERQUAT(r) 100 and sil ver g;ovi ded significant m crobiol ogical
I nterception capabilities as conpared t 8fi | ter medi um nade from untreated
WO 03/ 064013 PCT/ US03/ 00067 38 lyocell fibers. The efficacy of the

m cr obi ol ogi cal interception enhanced filter _rggqli um when chal ]ﬁgn ed with
MS2 viral partlyerelstibers.dhe sifisacy efhe migiopiqlegical intetcpriiiheRane f'g‘?resent

i nventi on woul T f | L\ Ditth ey i S| iopuch as

viruses. 5 Exaﬁ%?‘é‘gﬁ/g@%?&%k%ﬁégr%gb\?glf (o]o]] cglﬁglﬁw%iplﬁg%ﬁe@%gggﬁﬁ@d The

Filter Medi um sysedeofViheprasesningentionowelild frovreeffective irh enRvisgmare-fed

Pol yani oni ¢ Aci%g As dicﬁfussed above, NOM such as pol yani oni c aci ds reduce
A= 2 o

the positive T2('"™M8Fd, thereby, reduce the efficacy of the
m crobi ol ogsgcal 10 interception enhanced filter nmedium After exposure to

500 M humc acid (0.005 g/1.0 L H20), the zeta potentjal of the .
mi cr obi ol ogi caﬁxqmﬂ'@%%ﬂeﬁiﬁwromﬁ'ﬁgwe tergqpfign %@hlhﬁﬁ%ﬁﬂd&%wﬁhsm +14. 1

to -14.4. Likeyy . , o (0.R05 of 1 0 L
H20), the zet amggtggylﬁ Zf'era’éefi %@Eg@l‘hﬁeﬁs% BRPréEenbe Of PoIyafilofic Aeidd> 0

As discussed above, NOM such as polyanionic acids reduce the

positive zeta potential and, thereby, reduce the efficacy of the microbiological

10 interception enhanced filter medium. After exposure to 500 m! humic acid
(0.005 g/1.0 L H:20), the zeta potential of the microbiological interception
enhanced filter medium decreased from +14.1 to -14.4. Likewise, after
exposure to 500 ml fulvic acid (0.005 g/1.0 L H:20), the zeta potential of the
microbiological interception enhanced filter medium decreased from +10.1 to

15 -8.9. Examples 24 to 27 show the reduction in microbiological interception
capabilities of the filter medium made with lyocell fibers treated with
MERQUAT® 100 and silver in the presence of humic and fulvic acid solutions.
Small discs of the filter medium treated with MERQUAT® 100 and

silver were folded and placed in small sterilized glass funnels to form a filter

20  and pre-wetted with de-ionized water. Challenge solutions of £. co// and M52
viral particles were made with humic acid and fulvic acid, respectively.
Approximately 125 ml of the challenge solutions were poured through the
filters and the effluent collected in sterile 250 ml Erlenmeyer flasks. The
effluent was diluted and plated on petri dishes following standard laboratory

25 procedures. Log reduction values of £. coli and MS2 viral particles are

summarized in Tables Ill and IV below.



m crobi ol ogi cal interception enhanced filter medi um decreased from+ 10.1
to 15 -8.9. Exanples 24 to 27 show the reduction in m crobiological

i nt er cept warns/eapabi lities of the filter medi um made w t h HorogseBloods? ber s
treated with MERQUAT(r) 100 and silver in the presence of humc and fulvic
acid solutions. Small discs of the filt medi um treated with MERQUAT(r)
100 and silver were fol ded and pl aced ?E?] smal | sterilized glass funnels to
forma filter 20 and pre-wetted with de-ionized water. Chall enge sol utions
of E. coil and M52 viral particles were made with humc acid and fulvic

aci d, dr ers]pect ihvel y. Approxi mately 12FABHEWf the chall enge sol utions were
poured through t i i Mhee 250

Erl enneyer flas kLtskS/ s%ﬁﬂe‘é’f?\ﬁrﬁfl@eﬁltoﬁ&glslﬁfﬁﬁé&,ﬁ gﬁ Egﬁ# Cg?tg'? feé!(rjN(‘)ér(lﬁ’&[)@t-ltrh:e di shes

fol | owi ng standard | aboratory 25Pesence@ffelvic Add reducti on val ues of E.

} Fabt CSMIIS'.IZIM pvjd H/bel ow. WO

Y
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]
el A Ani A
A—+ €S O—Fdutvie—Aet+d Ex # E.

coil and M2 pH+al—partietes—are—supmarized—n
BE b Ol AR
a (D]
.23 5 TABLE IV LRvVs O The M crobi ol ogi cal

03/ 064013 PCH USO?,/S LE
| nt er cept i on LEnhanece

coil (LRV) M2 (M RV)

coil (LRV) Mb2 (MRV) 25 3.78 4.23 726 3.02 1.64 27 6.73 3.58 dearly,
the LRVs of the R\sr@bThe Migrebiplogitabingesgrntion Eshanged &ilter Media InTthenedi a i n

t he presence of NOM are signifi I : the 7 to 9 log reduction
of E. coliand Mb2 absent NOM i nf%rg#egeé?gﬂms&s%@m in Table I1.
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o
T

y .o
T

3
4.68
e

Ex # E. coli (LRV) MS2 (MRV)
25 3.78 4.23
26 3.02 1.64
27 6.73 3.58

Clearly, the LRVs of the microbiological interception enhanced filter
10  media in the presence of NOM are significantly lower than the 7 to 9 log
reduction of £. coli and MS2 absent NOM interference as shown in Table Il.

Examples 28-46: Microbiological Interception Capability Of The Filter Medium
Made With Treated Lyocell Fibers And An Adsorbent Layer In The Presence Of
15  Polyanionic Acids
In order to decrease the impact of NOM on the filter medium as shown
in Examples 24 to 27, an adsorbent prefilter was added to the filter to remove
or trap the NOM in the influent prior to contact with the filter medium. The
adsorbent layer is PLEKX® made with 600 g/m’ of finely ground coal-based
20 activated carbon having a surface area of 1000 m*/g, and is commercially
available from KX Industries, L.P.
A composite filter medium combining two (2) layers of a filter medium
made with the microbiological interception enhanced filter medium and one
(1) PLEKX® layer was fitted in ceramic Buchner funnels over a metal drainage

25 screen. The three (3) layers were secured in each Buchner funnels with a hot



Exanpl es 28-46: M crobiological Interception Capability O The Filter

Medi um Made Wth Treated Lyocell Fibers And An Adsorbent Layer In The
Presence WO 03464@81 yani onic Acids In order to decrease thedmpssnow? NOM on
the filter nmediumas shown in Exanples 24 to 27, an adsorbent prefilter
was added to the filter to renmove or trap the NOMin the influent prior to
contact with the filter nmedium The adé@r bent layer is PLEKX(r) made with
600 g/ nm2 of finely ground coal -based 20 activated carbon having a surface
area of 1000 n2/g, and is commercially vai | abl e from KX Indufstri es, L.P.
A conposite fineliedhesie torPeeyami eryp@wf(% "‘lflél9'étr§°‘gf’ér‘%pﬁslutr%9 W88 um nade
with the m crqhialogical i LN en i livfmandTRee (1)
PLEKX(r) Iaye(r%B\!?vﬁa)tsQ?bqt?ed pﬁl%&?@‘%@“ﬁﬁéﬁﬁgggcﬁﬁeff{ngwa met al drai nage
25 screen. ThéilielradexéiBples 2Bdo S4weere charged adthi sterde dpioBizreH veaterfRiiidéP s wi th a
hot WD 03/ 064013 PCT{ US03/ 00 40 el t adhesive, o 3 pass of
the influent. 0 A lﬁfcgé%agggggepgmp%wer%ggﬂ xsp§¥%dn§ol %R{&gétﬁﬁ}%\g‘g%@?nt ai ned
in the BuchnerycfddnRebulBtshakh i Tame Vv Beéw show tiest sheoéffieacgrgsittescad@pdsise 34 wer e
charged with sterile deionized water prior to he m ¢rgbi ol ogi cal

chal | enge and filier evedim awifiothecrddigios; af e adspipent baver i Sm a%toa%gdgs.”“ﬁesul ts
shown i n Tabl h at the efficacy of the conposite filter

medi um wi t h tﬁs@éfgﬁﬁ?}'x\%ﬁ lg%%o&ﬁ'e adsorbent layer is simlar to the results
shown in Table || &dhevitersdfexhinptesr3$ tof40eweampihetgedsvitho 5AQ mimf @ hatizieged wi t h

500 M of a hum aci d_sol utj . 005 g/l L HO i h

m cr obi ol ogi caﬁc'cgﬁ?é‘l‘tf%@é)%%géigmz@ PYgT & ISﬁ'QQ%A%Fglﬁ%ﬁgbgﬁ%ws The
filters ofjexafpkigsvdin Tabld6/IRIKY.CITRE GRers Wi ekarhPles Al tof46avérel chargedci d
solution (0.005 g/1 L H20¥ prior to the mcrobiological challenge. Results

are shown in Taish 0@ mlpef awfulyisgpeid\soluwiqnr{d0es & |k Qe diar MRd®ew t h

Fibrillated L . Fi Tr eat ; ‘ e wen

PLEI’KIX(r;i ste%rﬁpcﬁ@fllohggl:?ng}léﬁ é%sWstzne sIVRRRATALTQ Vi BRI I lver
TABLEV

15 LRVs Of Filter Media Made With Fibrillated Lyocell Fibers Treated With
MERQUAT® 100 And Silver With PLEKX® Absent NOM Interference

Ex# | E.coliLRV | Ex# MS2 LRV
28 |~ 7.89 31 8.06
29 7.89 32 8.06
30 7.89 33 8.49

34 8.49
TABLE VI

LRVs Of Filter Media Made With Fibrillated Lyocell Fibers Untreated And
20 Treated With MERQUAT® 100 And Silver With PLEKX® In The Presence Of

Humic Acid
Ex# | E.colilLRV | Ex# MS2 1RV
35 8.75 38 8.53
36 8.75 39 8.53
37 8.75 40 8.53




Ex # E. coli LRV Ex # M52 LRV 28 7.89 31 8.06 29 7.89 32 8.06 30 7.89 33
8.49 34 8.49 TABLE VI LRVs O Filter Media Made Wth Fibrillated Lyocell

Fi bers Unwoestoedh1iAnd 20 Treated Wth MERQUAT(r) 100 And SiHCI2wSosibeds7
PLEKX(r) In The Presence O Humc Acid Ex # E. coli LRV Ex # M52 LRV 35
8.75 38 8.53 36 8.75 39 8.53 37 8.75 a\? 8.53 WD 03/064013 PCT/ US03/ 00067
41 TABLE VII LRvVs O Filter Media Made Wth Fibrillated Lyocell Fibers
Untreated And Treated Wth NERQJAT(r)lOO And Silver Wth PLEKX(r) In The
Presence O Fulvic Acid Ex # E. coli LRV Ex # M52 LRV 41 8.85 44 7.77 42
8.85 45 7.77 43 8.85 46 7.77 5 The & Mhows that the use of an

adsor bent prefi | kot o?‘#ﬁ rMedic B ifeed LyRSAIFeeR UnBaakdAnd
nhc ; %iééwﬁh o n

m cr obi ol ogi cal r
i nproved the m CF% BY o og erc | %ﬁAegwlt |I¢t§{®e|2%g;ﬁr§sﬁg&?lof’t er

medi um by renoving the At .e £ eforethe—+nfluent 10 contacted
thef mI cr obi oljogi cal inter 44 H-oH ngl E)\.c}{‘.ce = teMg‘@LRbi gt The adsor bent
refilter nmedi um does not #Heced+te tregbeg—w-t he
P LR %8s TR b
43 8.85 46 7.77

The data shows that the use of an adsorbent prefilter such as PLEKX®,
placed upstream from the microbiological interception enhanced filter
medium, maintained or improved the microbiological interception capabilities
of the filter medium by removing the NOM in the influent before the influent

10  contacted the microbiological interception enhanced filter medium. The
adsorbent prefilter medium does not need to be treated with the
microbiological interception enhancing agent to maintain the efficacy of the
microbiological interception enhanced filter medium. It may be a cost saving
measure not to treat the adsorbent prefilter medium. Thus, a composite filter

15  medium including the microbiological interception enhanced filter medium
and an adsorbent layer positioned upstream from the microbiological
interception enhanced filter medium would be robust enough to withstand

interference from NOM.

20  Examples 47-48: E. coli Challenges Of A Filtration System Of The Present
Invention
Two filtration systems of the present invention, as shown in Fig. 3,
including a composite filter medium comprising two (2) layers of an adsorbent
filter medium, PLEKX® made with 600 g/m* of coal-based activated carbon
25  having a surface area of 1000 m%/g, and a single layer of the microbiological
interception enhanced filter medium made from treated fibrillated lyocell
fibers as described in Example 4 were assembled using the clam shell filter

design of Figs. 1 and 2 described above. A supporting layer of PLEKX® was



m cr obi ol ogi cal interception enhancing agent to maintain the efficacy of
the mcrobiological interception enhanced filter nedium It may be a cost
savi ng nmaasasroe4et to treat the adsorbent prefilter medi par/d306Bm006a
conposite filter 15 nediumincluding the m crobiol ogical interception
enhanced filter nmedium and an adsorbent, | ayer positioned upstreamfromthe
m cr obi ol ogi cal interception enhanced f4r2I ter medi um woul d be robust enough
to withstand interference fromNOM 20 Exanples 47-48: E. co/i Chal | enges
O A Filtration System O The Present |nventio wo filtration systens of
the present i rifessdi nthegkotigmmgh qagh filigr hgusing gpd gveth {0 RURRS0LTRE2Pi | t er
medi um conpri sj A 2) er afgor b LI tar J BPUEKX( 1)
égti}kqn%ﬂéé‘?nglo ﬁc_b%&/e (gV/QUc 313 GAL 1akvk! L& neRbibIbgiEd

made with 600 al -based activated carbon 25 having a surface area
of 1000 nR/g, iateception ngihantealy Heromedhen nvasr glioed|togihedfirst PhERY® égyet, on

enhanced filter nedium made fr peated fibrillated l.yocell i bers as
described in E‘;?H%T’%%X 'ﬂ‘/\é‘?cémgs@gk%l g@'eﬁgli’%dwshaelsocfg@&ds'ﬁ%l Plagg fi{ogrt%edesi gn
of Figs. 1 ﬁndn%rdlﬁél@gicblemt@mmn ePhahgeE Glitel Rrgdiny.e ThfcoREglXG6n uses WO
03/ 064013 PCT/ US03/ 00067 42 placed in the bottom of each filter housing

and gl ued int PPy e ok ithey PREKX 2 davprseAe 20 psprogak plidter, pypdle Hoe oRdrt . The
| ayer of m cr ofi-ph6egi J L ﬁgg}@ k i ~gl ued to
the first PLE (E 1r2§< ?%Z%?NEQ%ﬁ%@gégg;gua se@gﬁ% ﬁlg?_dé%%(?lr% lggﬁgr%g? was

al so gl ued i ntenhpheskfibropedioe. 5The outhieotdggs ohlthd hewigepeiconseghrdced
filter medium This configuration uses only one of the PLEKX |ayers as an
adsor bent pr ef3%RIpsse 'i”l“g' tf)ﬁféth‘?)'itﬁe‘?’evqﬂtﬁr%gYpﬁﬁselreagaéeggéhep?li% Pf/@eas a
support fofo t higouding! OfHeodig@inSiahs bha@ie iRkl &da vatafresbrdafyedefiedibym The
out si de edges of the housing were also gl ued and pressed fi rrr11y t oget her
to prevent anythByphdeelt ewkeiigh wes befeeasut siyto Brcm mdde gng &usinrg. T0ree

G rensione, o G5k B U LRSI SR BOAD R B B g e o
provi di ng an askitveasfuskd duriag ¢ds pfotdigpeestimg) filten®sambly 68ingndlirasvhid @ hot
other welding methods may be applied during commercial production.
15 A 0.635 cm (0.25 inch) inside diameter hose was attached to the inlet
of the filter housing using a plastic fitting and glued securely into place. The
outlet of the filter was open to allow fluid to exit the filter housing. The hose
attached to the filter inlet was attached to a glass Pyrex funnel to produce a
total inlet water column of approximately 30 cm to 60 cm. Test suspensions
20  were poured into the funnel to challenge the filter with various organisms.
Approximately 500 ml of de-ionized water was poured through the
filtration system to pre-wet the filter medium inside the housing. For £. coli
testing, a hose and funnel with a combined height of 60 cm was used to
provide head pressure. The flow rate at this influent pressure was 70 ml/min.
25 A challenge suspension of E. coli was poured through the system and the
effluents collected in sterile 250 ml Erlenmeyer flasks. The effluents were
subjected to serial dilution in duplicate and plated on petri dishes following

standard laboratory procedures and left overnight in 37°C heated incubators.



melt was used during this prototype testing, filter assenbly using
ultrasonic or other welding nethods nay be applied during conmerci al
product i owo BHe#18. 635 cm (0. 25 inch) inside diameter hosearassoavomeched to
the inlet of the filter housing using a plastic fitting and gl ued securely
into place. The outlet of the filter wag, open to allow fluid to exit the
filter housing. The hose attached to the filter inlet was attached to a

gl ass Pyrex funnel to produce a total inlet water columm of approximtely

30 cmto 60 c Test suspensions 20 were poyred jnto the funnel to
chal | enge thenh“? fext gﬁyt ﬁF\fféF reSHES Wegarseaids: a“aﬁb?ﬁﬁxﬁrﬁﬂﬁ@ﬂy‘%@@'w IIbf

de-ioni zed wat ggjlowas poured through the filtration systemto pre-wet the
filter mediuminside the housing. For E. coil testing, a hose and funnel
with a conbined height of 60 cmwas used to provide head pressure. The
flowrate at this influent pressure was 70 m/mn. 25 A chall enge
suspension of E. coil was poured thro systemand the effluents
collected in sterile 250 m Erl enmaye%q Lo . The effluents were

subj ect ed t®» seMigiobitilogical §irallenges O)fiAcEittatian SysieratQfdTherPresent inveitidne s
follow ng standard |aboratory pr ocedw. Sz an | eft overnight in 37C heated
i ncubat ors. WD 03/ 064013 PCT/ US03/ 00081" 45%Fhe next day all test results
wer e recorded| arxd t|helseofa, eoff ihThellbngd [TakF evldAids! | DEl oW, | RBLE VITT| 5

M crobi ol ogi cal Challenges O A Filtrdtfoaningphteemn O The Present |nyention
Wth E. co/i Ex4# No. of B4gepd 1n Challenge # ¢f COI Ooniggp LRV
formng/plate| 48 §. 4 x 1016 92 49 8.4 x 1I08[0 8.92 BmsS, a filfration
system of the present invention ufiTizing a conposite filter nmediu
including a PLEKX prefilter and the m crobiological 10 interception
enhanced filter mediliun difiltratipnoysige of batpsesenhiane®idh Utdliging a composite

filter medium including a PLEKX® prefilter and the microbiological

10 interception enhanced filter medium will provide greater than 8.5 log

reduction of £. coli at a flow rate of approximately 1 to 2 ml/minutescm?.

Example 49-51: MS2 Challenges Of A Filtration System Of The Present
Invention

15 Three filters were constructed in a similar fashion as for the £, coli
challenge as described in examples 47 and 48 above, for determining the viral
interception capability of a filtration system of the present invention. In two
filters, Examples 49 and 50, a layer of netting was installed at the bottom,
effluent side, of the filter housing( followed by a layer of the microbiological

20  interception enhanced filter medium, followed by a single top layer of PLEKX®
made with 600 g/m? of coal-based activated carbon having a surface area of
1000 m*g. For the third filter, Example 51, the plastic netting was replaced
with a metal 100 mesh screen as the bottom support layer. For the AMS2
challenge, a hose and funnel of 30 cm was used to reduce the flow rate and

25 allow for longer contact time through the composite filter medium. De-

ionized water was poured through the system to pre-wet the layers and verify



reduction of E. coil at a flowrate of approximately 1 to 2 ml/m nute cn®.
Exanpl e 49-51: M52 Challenges O A Filtration System O The Present
| nvent i onwbbo3flasase filters were constructed in a simlar fregises/oess7for the

E. coli challenge as described in exanples 47 and 48 above, for
determning the viral interception capg%xllty of a filtration system of
the present invention. In tw filters anpl es 49 and 50, a | ayer of

netting was installed at the bottom effluent side, of the filter housing,
foll owed by a ] ayer of the m crobiol ogi cal i nterception enhanced filter
medi um fo||omtbf¢/haU%n815¢cg1n%?ﬁFaf/\ef?ovwat@egk&m' v reesdes) o of
coal - based acthyghesh ﬁ%m%tehéaahm SARHHABEIGHI AR hter LOY RO T L he
third filter, Exanple he plastic netting was rep a netal
100 mesh scr e@mst@rs, thee M52 t:baﬂesg@pglrutlonazym pOIFed thmlgh/ahe sybtainl edbe, a hose
and funnel of r I for

| onger cont act® uen W%r%ﬂ% hn St%relﬁ'pttc@l 5yef‘rf' dﬁ%@fj @tegog e}'éd wat er
was pour ed 5t hrobsughfdllmwsgganedard prdvedureeior e ilﬁb’l@ﬁ%vémdghct.eﬂ'hé MeM@aP3/ 064013
PCT/ US03/ 00067 44 thgt t he housing had no_| eaks. A flow rate of 38 m/
mnute was recdrterbdesult wergecaged A figfad infahle Bobelaw: After the de-ioni zed
wat er exited through the system the MS2 chal |l enge sol uti on was poured

t hrough the system The effluent was collected in sterile Erlenneyer
flasks, diluted and plated on Petri 5 dishes follow ng standard procedures
for M82 and left overnight. The next BABLEB{| test results were recorded

and listed in Tabl es O The
Filter Wth M2 Ba'g\ Jeréil) g?ﬁ?gle(ﬂéx%ge%\gf%{hﬁgfwl %%P?engedhgg‘gf col oni es
LRV form ng/|pEate| 48lo6ofU2524n Th8llcdgs. [ & ofsOlobied2 X 108 OLBY 78
forming/plate

49 6.12 X 10° 0 8.78
50 6.12 X 10° 0 8.78
51 6.12 X 10° 0 8.78
10 ~
A filtration system of the present invention utilizing a composite filter
medium including a PLEKX® prefilter and the microbiological interception
enhanced filter medium is shown to provide greater than 8.5 log reduction of
MS2 at a flow rate of approximately 0.75 ml/minuteecm?.
15

Examples 52 and 53: Long Term MS2 Challenges Of A Filtration System Of
The Present Invention |
These examples assess the effectiveness of a filtration system of the
present invention when challenged with AS2 bacteriphage and having a
20 composite filter medium including two (2) layers of the microbiological
interception enhanced filter medium and two (2) layers of PLEKX® as described
earlier.
Two filtration systems of the present invention were prepared by
securing a 100 mesh screen inside a filter enclosure as shown in Figs. 1 and 2.

25 Two layers of the microbiological interception enhanced filter medium were



51 6.12 X 108 0 8.78 10 Afiltration systemof the present invention
utilizing a conposite filter mediumincluding a PLEKX(r) prefilter and the
m cr obi ol v @A@e4d1mt er cepti on enhanced filter nediumis shamusos/omsovi de
greater than 8.5 |l og reduction of MS2 at a flow rate of approximtely 0.75
m / m nutecn?. 15 Exanples 52 and 53 Lorhg_;) Term Mb2 Chal l enges O A
Filtration System O The Present' I nventi'on These exanpl es assess the
effectiveness of a filtration systemof the present invention when

chal  enged with M52 bacteriphage and havjpng a 20 copposije filter medium

i ncl udi ng two Rlaged) apithe gresh isEreqn delbmyes) byitwalayest Q{TEEE&){@onEE’éhHaYFGed
filter mediumg |E¥§)séﬁ§1}ell Y BlaSe &f prebdHB( bdss AFhE GREN dRESAurePREd deled  TWO
filtration syste of the \{)resent I nventi on were prepared by securing a
100 mesh scr eewith ribé gue af iveler AefcA30same025 Feblwinnes dipmgster hosggvaE. 25

Two | ayers of the m crobiological, interception enha i [ um were
WO 03/ 064013 FREFFIRSD SCBIE A0 s 'Bllegc?t & filler ﬁ%“es'“rg;sﬂﬁggor”félgﬁféﬁﬁnﬁ@%d by two
| ayers of PLEKiusiraCiat aypeh towalfovglthehasagerat! fJuidn Bl iceel evaprsewgaly bypass.
The filter enclosure was sealed wth the glye as well. A 0.635 cm (0.25

i nch) inner diaiebed tpgpehvidter tar pravidedorseMithep 239 1P riNgResHvai®e il ter
housing. The ouhl.ah 9y fR&thdrdiRF wihROUS? Bf MASHRBERatk PRl Rgiassage
of fluid. A funnel Was securely attached to each filter to provi de one
with a 25.4 cmf(rigrobiclogish! dmtlergescol uim, and the other filter with a 10.2

cm (4 inches) water_colum for testin f -mLcrobi ol ogical ,chal | es.
Dei oni zed wat er, ap%?'BQizgat‘@?\ﬁr'Swr%'%a S 5§Qs'§§dwf‘?1rp%65§§ tgg% %
filtrationigystiRaise® spi@nwetprehet filkd fikér mediutmaed denr thby nd gbassovdsy pass

was occurring. Subsequently 500 ml of an M2 chall enge, prepared in
dei oni zed occurring. Subsequently 500 ml of an MS2 challenge, prepared in deionized

water, was passed through each system. The effluents were collected in sterile
Erlenmeyer flasks, diluted and plated on Petri dishes following standard
procedures for the organism and left overnight. After 24 hours, an additional
15 500 ml of deionized water was passed through the system followed by another
500 ml MS2 challenge. This protocol was continued every 24 hours until the
filter media no longer provided an LRV above 4. The results are shown in

Tables X and X! below.

20 TABLE X
Example 52: Efficacy Of A Filtration System Of The Present Invention With A
25.4 cm Water Column
Total Amount | Time in Use No. of MSZin LRV Flow Rate
of H20 (L) (hours) Challenge (ml/min.)
1.0 0 2.84x 108 8.45 28
2.0 24 4,93 x 108 7.97 32
3.0 48 457 x 108 8.66 32
4.0 72 4.55 x 108 7.52 36
5.0 926 1.76 x 10° 5.65 38
6.0 120 1.39 x 10° 5.66 38
7.0 144 1.48 x 10° 3.03 36
8.0 168 1.56 x 10° 2.22 30




wat er, was passed through each system The effluents were collected in
sterile Erlenneyer flasks, diluted and plated on Petri dishes follow ng
st andard woraoeduses for the organi smand | eft overni ght. p&1resos@doshour s,
an additional 15 500 ml of deionized water was passed through the system
foll owed by another 500 ml M2 challengge. This protocol was continued
every 24 hours until the filter nedia no | onger provided an LRV above 4.
The results are shown in Tables X and Xl below. 20 TABLE X Exanpl e 52:
Efficacy O A Filtration System O The Present Invention Wth A 25.4 cm
Water Colum Total Amount Tine in UseR8LESl MS2 in LRV Flow Rate of H20
(L) (hours) Ch 4.93 x
(ob o7 3b B BRESLEMALAO A fitduth Syl DR Fhectat iifention VA A1, 70 36
1.76 x 109 5.65 38 6.0 120 1.39 bOZ_Ol@Wa’GﬁCEBIer.O 144 1.48 x 109 3.03 36

8.0 168 1.56 ,< 169 22 °G|. AD- h"/eGC Ju3/ (‘&967 AG F'f'd’-\"’ Al Exanpl e
53: Efficacy %P\;rﬁ?}: ) @%en '%f% resent | nventl (ﬂ\mr A 10.2
ofr | Othopssy - ! hall le . p N
cm Wat er Col upm I\.l]l. —ARBPHNAT ettt B |v1§ RVt ﬁvv tie of
H20 (L) (hour Crrt-Perir) fixi Nx%&, 3112 =2-0-24 2.16
i N o 15 x 10> 933~ 7 “15 = '

x 109 9.33 15 3.\3648 1./'6)(1\14.8 914 ;1,46)(109 9.16 TE

4.0 72 1.05 x 10° 9.02 17

5.0 96 1.52x10° 9.18 16

6.0 120 1.31x 10° 9.12 13

7.0 144 1.19 x 10° 9.08 13

8.0 168 1.32x10° 8.23 13

9.0 192 8.67 x 108 8.93 16

10.0 216 1.34 x 10° 9.13 10

11.0 240 1.10 x 10° 9.04 11

12.0 264 1.24 x 10° 7.76 9

13.0 288 1.24x10° 8.27 9

14.0 316 1.02 x 10° 3.62 7

15.0 340 1.04 x 10° 3.41 8

16.0 364 1.03 x 10° 3.36 10

17.0 388 1.07 x 10° 3.03 10

5 The useful life of the filtration system of Example 52 with a pressure

head of 25.4 c¢m provided an acceptable M52 log reduction for 6.0 L of water
for 120 hours. However, when the pressure head was 10.2 cm, as in Example
53, the useful life of the filtration systems was extended, providing acceptable
log reduction values of MS2 for a volume of 13.0 L of water and 364 hours. lt
10 is apparent that the flow rate will affect the microbiological interception
capabilities of the filtration system. From the results of Examples 52 and 53, a
lower flow rate will provide more effective microbiological interception due to

greater contact time of the microorganisms with the filter medium.



4.0 72 1.05 x 109 9.02 17 5.0 96 1.52 x 109 9.18 16 6.0 120 1.31 x 109
9.12 13 7.0 144 1.19 x 109 9.08 13 8.0 168 1.32 x 109 8.23 13 9.0 192
8.67 x 10908039840 10.0 216 1.34x109 9.13 10 11.0 240 1.PO/vsS030&69. 04 11
12.0 264 1.24 x 109 7.76 9 13.0 288 1.24 x 109 8.27 9 14.0 316 1.02 x 109
3.62 7 15.0 340 1.04 x 109 3.41 8 16.g 364 1.03 x 109 3.36 10 17.0 388
1.07 x 109 3.03 10 5 The useful life of l7he filtration system of Exanple 52
with a pressure head of 25.4 cm provided an acceptable MS2 | og reduction
for 6.0 L of water for 120_hours. However, WhO?n tt]e {)re sure aga} was 10. 2
cm as in ExarfpReples34: Loes Jeurf qalk ehajtenges Of A Fillafign, Sysfeme s

ext ended, prowgdi Wabl e log reduction values of M52 for a vol une of
13.0 L of vvat\elrtrg%ﬁglﬁg ours. It 10 is apparent that the flowrate wll

af fect the mi crobi dhigexahple riseasssspthie caffectiegnaks bf i @gatbdn systerhdftthat i on
system Fromthe results of Exanples 5 d 5 a. |lower, fl rate wl |
provi de nore e‘?rf”@&’flWgn?ﬁ%ﬁ%‘ﬁ?%ggﬁwegﬁéifﬁ{géP}:eébw Bele pee &g#aélgiseorf cont act
tinme of the mfEaQE@RYSHEalWhiehireptién Bhldneed ek msdliudBAMASEY I¥ers of

PCT/ US03/ 00067 47 Exanmple 54: Long TermE. coli Challenges O A Filtration
System O The PYBKX8aptejcHPed €A Thi s exanpl e assesses the effectiveness of
a filtration syste : S bi i Vi j Ll ter
medi um i ncl udi ng tmr%a%'}'%&?a\g&e)trég %‘%Hm)gn];é%qel} n@?ro I mr%g?%ﬁfu?ﬁl?g%ﬁe%h on
enhanced fil t efiltratiui systemmdo tpreweR fhel filjeermedifim and verify that no bypass was

occurring.  Subsequently, 500 ml of the F. coli challenge, prepared in
10  deionized water, was passed through the filter. The effluent was collected in a
sterile Erlenmeyer flasks, diluted and plated on Petri dishes following standard
procedures for £. coli and left overnight. After 24 hours, an additional 500 mi
of deionized was passed through the system followed by another 500 ml £.
coli challenge. This protocol was continued every 24 hours until the filter

15  medium no longer provided an LRV above 4. The results are shown in Table

X1l below.
TABLE XII
Example 54: Efficacy Of A Filtration System Of The Present Invention With A
20 25.4 cm Water Column
Total Amount Time in Use No. of E. colf LRV Flow Rate
of H.O (L) (hours) in Challenge {ml/min.)
1.0 0 9,33 x 108 8.99 28
2.0 24 7.86 x 10° 8.89 32
3.0 48 2.86 x 108 8.46 27
4.0 72 1.35 x 10° 8.37 21
5.0 96 1.18 x 10° 8.07 17
6.0 120 8.4 x 108 7.38 18
7.0 144 1.09 x 10° 4.95 12
8.0 168 3.6 x 108 3.50 16
9.0 192 6.13 x 108 3.61 12




PLEKX(r) as described earlier. Deionized water, approximtely 500 m, was
passed through the filtration systemto pre-wet the filter medi um and
verify thato oswelbypass was occurring. Subsequently, 500 mpaafusobeodes coi l
chal l enge, prepared in 10 deionized water, was passed through the filter.
The effluent was collected in a steril g Erl ennmeyer flasks, diluted and

pl ated on Petri dishes follow ng st andar'd procedures for E. coil and left
overnight. After 24 hours, an additional 500 Ml of deionized was passed

t hrough the systemfol |l owed by another 500 mMl E.. coli challenge. Thi

pr ot ogol was Zonti ﬂhéd”@%‘%syzywnhéﬁ%amﬂ?iﬁo l@'ﬁéidﬁijlatcé‘?Ptal@erPéﬂch“hﬁ'}?S :znger
provided an L Vv drf) } ¢ TABLE
XI'l Exanpl e S%\é eEF ;bl gé’ﬁy” ag}%ﬂa I 4[6&12{1 ?%j hi@%%ﬁ] C)‘a EI-%{'1)Iggepr‘?gegselcr’l\'?en:ﬂ(r%\\l},)enti on
Wth A 20 25.aboat2atlfemnin@elvwimmeihdbaheatihwassureTivaecdusedsea R5.4 @b Watercoi | LRV
Fl ow Rate of H%O Q (hours) in Challenge (mM/mn.) 1.0 0 9.33 x 108 8.99
28 2.0 24 7.860'¥"108 8.89 32 3.0 48 2.86 x 108 8.46 27 4.0 72 1.35 x 109
(109 4.95 12 8,0 168 3.8 X 108 450 16 O O 193 6 13 108 5 61 12 VD
X . . .6 X . .01 .13 x 108 3.61 12 WO
03/ 064013 PCT/wsp8yctioneyith #gsprsiics prefarsdi epbadigeain ibfs EXigap Babmaovi ded
accept abl e per Fer. . : t system
2t an aver age TSy G an&yEkish Ank Akl SR RS o e A S e
was caused by the 2. ifh light whtler foregoing description. It is therefore contemplated that

the appended claims will embrace any such alternatives, modifications and

10  variations as falling within the true scope and spirit of the present invention.



colum. 5 Wiile the present invention has been particularly described, in
conjunction with a specific preferred enbodinent, it is evident that many
al ternat i weso3/oemdsfi cati ons and variations will be apparemCTesoBhase
skilled in the art in light of the foregoing description. It is therefore
contenpl ated that the appended clains w,lI| enbrace any such alternatives,
nodi fi cations and 10 variations as falli'ng within the true scope and spirit
of the present invention. WO 03/064013 PCT/US03/ 00067 49 Clainms What is
claimed is: 1 1. Afilter nmediumconprising: 2 a mcroporous structure
having a mean flow path of |ess than oflaims equal to about 1 micron; and 4 a
m crobi ol ogi calyhiNnt eLESR} isOoN enhanci ng agent conprising a 5 cationic netal
conpl ex capable of Inparting a positive charge on at 6 |east a portion of
sai d m cropordus s filer oresliurh cBmpAsihg] t er nmedi um according to claim 1

wherein sai,d mcroporous .2 structure c rises a plural,ty, of nanofibers
havi ng a fitber di arreteraéq'cﬁogggousé%#k'ﬁg'ﬁqg%gﬁta 158 Hﬂ\é’rf%)a#éf)megs. thimf.r A
filter medisum accoegudlgo tbow! 1@inmaran;Wadr ei n t he nanofi bers conprise 2
organi ¢ nanofi bers, inorganic nanofjbers, or a mxture thereof, 1 4. A
filter medifum accor di ng2t®icEPkipiegizalyiersepfian enhanchrs BEsY Compisingea 2
substantiald y fibri.llat: 0, | : ik b2 i

accordi ng t50 cl ai mcéﬂ'ﬁh‘g?%(%%l ?ﬁ{e'é)lf ?%?P{qu? isz)%ggéleﬂap&ééél\;ﬁaﬁ% gﬁrsgt have a
Canadi an Steandar d Feasenpsisionfof baid snitioporoos stegpirake. t o about 3 45. 1 6. A
filter mediumaccording to claim1 wherein said mcroporous 2 structure is
a nenbrane conprising an organic material, an inorganic material, 3 or a

mxture thereaof. A filter medium according to claim 1 wherein said microporous
2 structure comprises a plurality of nanofibers having a fiber diameter of less

3 than about 1000 nanometers.

1 3. A filter medium according to claim 2 wherein the nanofibers comprise

2 organic nanofibers, inorganic nanofibers, or a mixture thereof.

1 4 A filter medium according to claim 2 wherein the nanofibers comprise

2 substantially fibrillated lyocell nanofibers.

1 5. A filter medium according to claim 4 wherein the fibrillated lyocell
2 nanofibers have a Canadian Standard Freeness of less than or equal to about

3 45

1 6. A filter medium according to claim 1 wherein said microporous
2 structure is a membrane comprising an organic material, an inorganic material,

3 or a mixture thereof.

1 7. A filter medium according to claim 6 wherein the membrane comprises

2 a polymer material.



1 7. Afilter nediumaccording to claim®6 wherein the nenbrane conprises 2
a polynmer material. WO 03/064013 PCT/US03/00067 50 1 8. Afilter nedium
accor di ngwoon3gle#iisn 1 wherein said m crobi ol ogi cal 2 i nt errapwsosnomsnhanci ng
agent consists of a cationic nmetal conplex wherein a 3 cationic material
on a surface of said m croporous struct WL has an associated 4 counter ion
therewith and wherein a biologically active netal is caused to 5
precipitate with at least a portion of the counter ion associated with the
6 cationic material. 1 9. Afilter mediumaccording to claim8 wherein the
cationic mefergal R flaYiMEHiGmCaBldRg tOtIAHS POLRErerh thiermittddiolbgicslel ect ed
fromthe group consistin 3 of am nes, am des, quaternary ammonium salts,
i m des, benZal kgitentionenbengbgiraent dengjsiany dcationifimeial ¢ereRlax tdRRitRds,
p0| yITEI’ s t hfr e?gﬂ’on%nrq‘%ﬁﬁapgmISHR&&EO(F.SsaFJ]I%ECﬁ’@[%OI‘PJS %IQICU,@E fh'ag Eﬁrass'gg 'cel(!lm
according to claim1 erein the cationic a conpl ex 1 ncludes a
bi ol ogi cal |4 acdsunee iovatthkbresdtheartd ovhieredmat bielogicallp acBve oretalsis icagsedf tosi | ver
copper, zinc, cadm.um nercury, antinpony old 4 .al um nu l.at i,num
pal | adi um  AndPESHERRaYTBNE [ Sdertion o e, cppmteg jonagata st dafaltig t o
claim1l whegei gtidA®: wadeligni ¢ metal 2 conplex is forned by treating at
| east a portion of said mcroporous structure 3 with a cationic materi al
conprising a honopol yner of diallyl dinethyl 4 anmonium halide followed by
precipitatipn gf silv i t 11 QN . he..hal.i unt er
i on associ a ed8\/\/i t h"L‘tf {éar\r?%érf‘ﬁ[])lﬁ)@l ?/Ar(fg?&%% ?%Rgﬁr”%'y? WJ?Jrrr%'Pﬁt;bF &ggglrcrrr@%eﬁ% hal i de.
1 12. A fil2erhagdd aavastet ionansoctnel berestithi isseldctédfromghe louphmneistngsai d 2
m croporous_structure is ¢conbined with an adsorbent prefilter dium 3
cont ai ni ng &ct P éﬁ’@ﬂ%al""ﬁ‘&fﬁsf SEfaRATE dARMPAH YR, S téol"%ﬂ‘g‘éf, henzelsARitBus
earth, 4 sjli | W I i ifssilicoht 8sap b r [o¥
hydroxyapat‘]i;t etée% é%n3§b%%%g&%ﬁglg%}lgg867 Stinds, %ﬁyn%?@ ther@ah, Carkm

5 combinations thereof.

1 10. A filter medium according to claim 1 wherein the cationic metal
complex includes a biologically active metal selected from the group

consisting of silver, copper, zinc, cadmium, mercury, antimony, gold,

HoOowW N

aluminum, platinum, palladium, and combinations thereof.

1  11. A filter medium according to claim 1 wherein the cationic metal
complex is formed by treating at least a portion of said microporous structure
with a cationic material comprising a homopolymer of diallyl dimethyl
ammonium halide followed by precipitation of silver with at least a portion of

the halide counter ion associated with the homopolymer of dially! dimethy!

[« NN S TR N CT R S

ammonium halide.

1 12. A filter medium as in any one of claims 1 through 11 wherein said
microporous structure is combined with an adsorbent prefilter medium

containing activated carbon, activated alumina, zeolites, diatomaceous earth,

oW N

silicates, aluminosilicates, titanates, bone char, calcium hydroxyapatite,



51 5 manganese oxi des, iron oxi des, nmagnesia, perlite, talc, polyneric
particul ates, 6 clay, iodated resins, ion exchange resins, ceramcs, or
conbi nat i wosostoeerigof . 1 13. A filter medium conprising: 2 pPI/EsbSOodsent
prefilter having i mobilized therein a material 3 capable of renoving
charge-reduci ng contam nants; 4 a mcropgrous structure, disposed
downstreamfromsaid 5 adsorbent |ayer, conprising a plurality of

nanof i bers, sa;ngnnaincgeogorous 6 s(iructure. havil.nqg g ma(gn fl.ow rﬁatlh of |ess
than about . 6 ATEYSH CHAS 708 WP oBRETISH RaTtY feler RUNDEHN PRTRYAES NG agent
conprising @ 8agiibdféd BinisOidh @xORingE réttnshédrhflRs CoHaohbindtni B@rabfhi gh
charge density, 9 coated on at |east a portion of a surface of at | east
sonme of the plurality 10 of nanofibers of said mcroporous structure. 1
14. Afiltey ”?ﬁiUW&ﬁﬁ&QﬁQ&ﬂﬂ1&ﬂmﬁkﬁ%F‘l3 wherein said mcrobiological 2
i nterception enhancing agent consists of a silver-cationic nmaterial-halide
3 conpl ex wherein a honwpoidsobenofrefilal Ihavindi imehblyilizedmivereinma onatarislur f ace
4 of said mjcroporous structure hahs a hgl i.de counter ion associated
therewith and wiEPERTs oL§URINg Beseipcing COaWNASat | east a portion of
the halide £ounter 6 i @n.mitroborodd fstrliétgre, nﬂﬁ{)éﬁéﬂa@omst@éﬁm ongmOfsal ai ms 1,
12, and 13 wherein the 2 honopol ymer of diallyl dinmethyl ammoni um halide
has a mol ecll ar weid§Eerbsnt lagerg cemprising g phurakity i panofikeraisaids misomaos
Daltons. 1 d6. A fidyteturdBsli fheah 'ﬁo@/%tlpgﬁe%fthﬂ JTR 0l6 micton; g and 15
wherein said 2 microporous structure incorporates one or noré€ materials
sel ected fromthe 3 greupicohwiagdahgnefception \emhatkicgragem, caapiisiag ed

alum na, zeplites, .|4 di at omaceous, earth, silicates, al umnosilicates,
titanates, bone chal @ ignawriplhaligs roplex é?v'%ﬁg@ﬁgs"é‘ab‘iﬁ RIS, 1 on

oxi des, magnesia, PRYatedidh atlladsta pRIdSHAOAPhS B 16520 OGP the pérafity

pol ynmeric particul ates, clay, iodated resins, ion exchange resins,
cerani cs, d of nanofibers of said microporous structure.

T 14, A filter medium according to claim 13 wherein said microbiological
interception enhancing agent consists of a silver-cationic material-halide
complex wherein a homopolymer of diallyl dimethyl ammonium on a surface
of said microporous structure has a halide counter jon associated therewith

and wherein silver is precipitated with at least a portion of the halide counter

[« 2NN O, N SR S N )

ion.

1T 15. A filter medium as in any one of claims 1, 12, and 13 wherein the
2 homopolymer of diallyl dimethyl ammonium halide has a molecular weight of

3 greater than or equal to about 400,000 Daltons.

1 16.  Afilter medium as in any one of claims 1, 13, 14, and 15 wherein said
microporous structure incorporates one or more materials selected from the
group consisting of activated carbon, activated alumina, zeolites,

diatomaceous earth, silicates, aluminosilicates, titanates, bone char, calcium

Ul e W N

hydroxyapatite, manganese oxides, iron oxides, magnesia, perlite, talc,



7 conbinations thereof. 1 17. Afilter nediumas in any one of clains 1 and
13 wherein said 2 mcroporous structure further includes a binder. 1 18. A
filter mediowsoasidn any one of clainms 1 and 13 further i nadamisegoenc7 2
particulate prefilter. 1 19. Afilter nediumas in any one of clains 2 and
13 wherein the plurality 2 of nanofibers, are made from material sel ected
fromthe group consisting of 3 polyners,” i on-exchange resins, engineered
resins, ceramcs, cellulose, rayon,, 4 wool, silk, glass, netal, litanates
activated & unPAUNeHE PaRFEStesce R Abdaeck EF By rion © ﬁ@ﬂ% Egins, g5 icerand

di at omaceous egitina@isliiNated bauxite, fuller's earth, calcium 6

hydr oxyapatite, and conbinations thereof. 1 20. A filter system conpri sing:
2 a bed of granular naterial capable of renoving charge-reducing 3

contam nants; 4,a n ct,pporous structure i Sp d downst.r.e fro id 5
granul ar béﬁ, hévigéqggp %ﬁ'Ppbﬁf6§tﬂ“bpn$é§sagﬁgnqa%3ﬁﬂ30. eﬁ?%?%ﬁe 6 and
7 a m crobidl ogii¢aporbns grueept fwthee Mehiles agiragent conprising a 8
silver-cationic nmaterial -halide conplex having a high charge density, 9
coated on at least a portion of a surface of said mcroporous structure. 1
21. A filtey sygtem GoRPHediIe as 2o Any Shb bf CRMOSI 4R b AGH&GORALABERD 2

mat eri al capable of 3 renoving charge-reduci ng contam nants; WO 03/ 064013
PCT/ US03/ 00D 6 7parGuldtegprefiltaropor ous structure, di sposed downstream from sai d
bl ock, 5 having a nmean flow path of |ess than about 2.0 microns; and 6 a

m cr obi ol ogi cal interception enhancing agent conprising a 7

si |l ver-catipni ¢9mat gfiltat madiuntlas modry @ dfavdimg 2carfdl phwhlaasigehedsiolityy, 8

coated on at Ieﬁst ?,portion f a surface of %fid m cropor ous Structure.
of nano ed from the group consisting o

ibers are made from material se?ect
polymers, ion-exchange resins, engineered resins, ceramics, cellulose, rayon,
wool, silk, glass, metal, litanates activated alumina, ceramics activated carbon,

silica, zeolites, diatomaceous earth, activated bauxite, fuller's earth, calcium

() W & TR S R

hydroxyapatite, and combinations thereof.

—_

20.  Afilter system comprising:

a bed of granular material capable of removing charge-reducing
contaminants;

a microporous structure, disposed downstream from said
granular bed, having a mean flow path of less than about 0.6 micron;
and

a microbiological interception enhancing agent comprising a

silver-cationic material-halide complex having a high charge density,

© O N O U bW N

coated on at least a portion of a surface of said microporous structure.

1 21.  Afilter system comprising:
2 a solid composite block comprising a material capable of

3 removing charge-reducing contaminants;



1 22. Afilter systemas in any one of clainms 20 and 21 further including a
2 particulate prefilter. 1 23. Afilter systemas in any one of clains 20
and 21 wheoei3restie silver- 2 cationic naterial -halide conE@ExUSHeOEIGTSEes a
honmopol ymer of dially dinmethyl 3 anmoniumon a surface of said mcroporous
structure having a halide counter 4 ior% associated therewith and wherein
silver is precipitated with at |east a 5 portion of the halide counter
ion. 1 24. Afilter systemas in any one of clainms 20 an q{n t he
silver- 2 dationic mat eRimBICIIPRIIUSTEEN, &&Speﬁ%ﬁi?‘%%%reém m&am? rof
dially di methyl i r rQds structure

havi ng a haI i de counitmgrél 'ﬂégingﬂri;bvg gﬂgcqu%gé&%ﬁgrag% ?ﬁq&hmg?e% t he honopol yner
of diallyl edinethyl 5 anwmobmiOgmabnmtdEehmn anhmceng,ulaaﬁ!ntmmlmﬂﬂrtﬁ agr eat er
than or equal to abqu .L,ons nd, wher

preci pi tatgg with éﬁvqrécgg?n'ﬁ rB%tF'i' lc%%‘ idg Coglp? haVif § oun?%‘r (li’e?)]rsllty’ 1 25. A
filter systgem as i roaRy g |@bkt £pakion oﬂ@s@tﬂﬂebﬂs%&ﬂﬁbpoidmestl’mﬁm’m al 2
capabl e of renoving charge-reduci ng contam nants conpri ses activated 3
carbon, activated alum na, zeolites, diatomaceous earth, silicates, 4
alum nosilicatgs, t4 tflﬂ@@&f%&m ngaaﬁyh@ﬁe o@%|a%yﬁbr5ﬁ‘ar??(?ﬁﬁ'%¥ idQudifgRganese

5 oxi des, iron oxides, gnesia, perlite, l'c, polymeric particulates,
clay, 6 |dhat;mitnmté$19rpseﬁlieon exchange resi ns cerami cs, or conbinations
thereof . WO 03/ 064013 PCT/ US03/ 00067 54 1 26. A filter system as in any
one of clainms 20 and 21 wherein said 2 mcroporous structure incorporates
one or nore; naperi A sileebpeheds in any bhe of 21aghorp i stherdn thobihaet | vat ed
carbon, activated alumna, zeolites, 4 diatomaceous ear}< silic tes

al uni nosi | i Zat eadiontq maiseiglrlidp sAepleraomREsec? hAMOBORYY 8 gﬁﬂ‘éﬁ'im%’[

manganese oxi dgrﬁmohru 9)5' sglﬁﬁce BRIRES Gopdt6d difuCturd Ahfing aBaR@L ¥ERTC

parti cul at es, resins, 1on exc%ange resins, ceramcs, and
conbi nati ons thmrmibcnatkd%eremml imdarva&yesm esitvarsisi prealmtatede/vmlh at|least® 20 and

21 wherein sai
5 gortion of the halide counter ion.

1 24. A filter system as in any one of claims 20 and 21 wherein the silver-
cationic material-halide complex comprises a homopolymer of dially dimethyl
ammonium on a surface of said microporous structure having a halide counter
ion associated therewith wherein the homopolymer of diallyl dimethyl
ammonium chloride has a molecular weight of greater than or equal to about

400,000 Daltons, and wherein silver is precipitated with at least a portion of

N OOy U kW N

the halide counter ion,.

1 25. A filter system as in any one of claims 20 and 21 wherein the material
capable of removing charge-reducing contaminants comprises activated
carbon, activated alumina, zeolites, diatomaceous earth, silicates,
aluminosilicates, titanates, bone char, calcium hydroxyapatite, manganese

oxides, iron oxides, magnesia, perlite, talc, polymeric particulates, clay,

o U1 W N

iodated resins, ion exchange resins, ceramics, or combinations thereof.



2 mcroporous structure further includes a binder. 1 28. A process of
making a filter mediumconprising the steps of: 2 providing a m croporous
st ruct ur emoensioagpia nean flow path of 3 | ess than about 1 rdwusesoomnd 4
coating at |least a portion of the m croporous structure with a 5

m cr obi ol ogi cal interception enhancing %%ent, the m crobiological 6

i nterception enhanci ng agent conprisinga cationic netal conplex 7 capable
of inparting a positive charge on at |east _.a portion of the, 8. m croporous
structure. N 220 A Adrideesystgecas dp myY: 8¢ 1% HridYs é\ﬁe?r@k A1t Waeigine 5aids

provi di ng 25 I ré G Sel@ded fbit dheof

nanof i bersa%]av[lnnli’eg;r;SILI?’A&Bgsr %é‘?%dﬁg&ng?géggéml %igﬁ)tr%]an about 1000 nanoneters
into the niXrogoupuscondisting Lof uretivated30carhomr oediystedc cilkaning tZ60ktkai m 28
wherein the, step of providing.a_.2 mcr C ri form ng
ol ural i 1y* of SRERE PRl iR BRSNS, Rahotll Hdher R GRaEm 2
nanof i ber s, 5 i NRyQIaRjapati@NOhiiiRsse @iides ikhUoRided, trhagnesis,, ferltte, tidle,

m croporous structure. W 03/064013 PCT/ US03/ 00067 55 1 31. A process
according to cPalymerig parisHiaias ¢lne 1edaled BNy gy eYFRg8a eSS i Biser B
structure C?”pg§ﬁ8§ai&%ﬂ%&%o@ plurality of substantially fibrillated 3

| yocel | nanofi bers erein at least a portion of the fibrillated |yocell
nanofibers 4 are about 1 mllineter to about 8 millineters in length
havi ng a dianeter of .55 about 250 nanoneters,.i t j.C : :
structure. 3;9 A rfélieés%ysrggbﬁ di'ng ™ c())mg(:l % Fr%ak@"l \%ﬁegﬁdl n%t &@%g{'@lﬁgf

form ng a phur@iérbforods fuckuresirandriialiides kidwddr) at ed |yocel | nanofi bers
conprises formng a plurality of 3 substantially fibrillated |yocell
nanof i bers having a Canadi an Standard Freeness 4 of |ess than or equal to

about 45, 1qtosghe RiGEQRObMHSIRL 5 HREUREdiud tinprbindlRE S5s geCor ding t O

claim 28 wherein the step of pro Ing a 2 mcroporous structure conprises
provi di ng a2menbrane conpovidingga aricopgans structure having a mean flow path of
3 less than about 1 micron; and
coating at least a portion of the microporous structure with a
microbiological interception enhancing agent, the microbiological

4
5
6 interception enhancing agent comprising a cationic metal complex
7 capable of imparting a positive charge on at least a portion of the
8

microporous structure.
1 29. A process according to claim 28 wherein the step of providing a

microporous structure comprises forming a plurality of nanofibers having a

fiber diameter of less than about 1000 nanometers into the microporous

W N

structure.

—

30. A process according to claim 28 wherein the step of providing a
microporous structure comprises forming a plurality of nanofibers, wherein the

nanofibers comprise organic nanofibers, inorganic nanofibers, or a mixture

AW N

thereof, into the microporous structure.



3 material, an inorganic material, or a mxture thereof. 1 34. A process
for making a filter nmedium conprising the steps of: 2 providing a

pl ural it ywafo3mwasasi bers; 3 coating at |east a portion of a@cuwdiwecof at

| east some of the 4 plurality of nanofibers with a mcrobiol ogical
interception enhancing 5 agent, the m %éobi ol ogi cal intercepting agent
conprising a cationic 6hrret al corrpl ex; "and 7 form ng said nanofibers into
a mcroporous structure having anflo ath, of |es tha.about 1
mcron. 1 35. 3. pr &Q%Gfsof"c%ﬂmﬁ Oadf"‘lni‘t?ear “#é’g‘? I8 nNE TR i ill?{ﬁ H& &t eps of:

2 providing a pl-WilddsYsnRbuROLYHBH th af cFatbiightatly iidasihted portion
of a surfa%e o[f”c IO%Ilfeasstt S(l)Jme OrﬂB 3 I %)urp;li]rla?ry po?hymekl nanofel bgrs

with a ni crobilpbaireabfibers aheein aﬁm%mﬂ/@@@h@%@bﬂ@é@%@b%@ fiberg 5
e”hf”‘”c! ng gentr%&hsgtrl Céﬁge'tgrl ﬁ%gabo%l( 'rﬂ hEhEER llnnlgu@g%bm %fahﬁ't&%fa 6

cationic ne ormng a m croporous structure having a nean
flow path of |@»st2% ﬁilﬁima@u@,uhto]ihmnﬂtmporohsSlﬁiuct@reprocess for making a
filter medium conprising the steps of: 2 providing a plurality of

cel lul ose nanofibers; 3 coating at |east a portion of a surface of at |east

sone of the, 4%?' urg PoEXss%Ec&%Hé’tb%mW@hérléﬁfﬁle\@tetpf'bf&onIﬁThlﬁg@Qil@’amgl cal

intercepti on enhahci ng qent the m crobiol ogical intercepting agent
conprising za & sbsthaislly flhr btedckynpalbnancénbgrsxommrrf?ﬁh@rm'ms arrdwalieuef

structure vin at ho 37. A
process of %ﬁkﬁ"%@ta%&ﬁﬁ'mk’&“ Y\ggg}'(ﬂﬁ% ngnoﬁi?ei? WS’ H?&%ﬁ%gs o%:@aiag?%\?. ing a
menbrane hayi ngr 1assiBaior dqdl atbdoupds, ||ﬁt$)5thé hadrop&oabsttctdreni cron; and

1 33, A process according to claim 28 wherein the step of providing a
2 microporous structure comprises providing a membrane comprising an organic

3 material, an inorganic material, or a mixture thereof.

1 34. A process for making a filter medium comprising the steps of:

2 providing a plurality of nanofibers;

3 coating at least a portion of a surface of at least some of the
4 plurality of nanofibers with a microbiological interception enhancing
5 agent, the microbiological intercepting agent comprising a cationic
6 metal complex; and

7 forming said nanofibers into a microporous structure having a
8 mean flow path of less than about 1 micron.

1 35. A process for making a filter medium comprising the steps of:

2 providing a plurality of polymer nanofibers;

3 coating at least a portion of a surface of at least some of the
4 plurality of polymer nanofibers with a microbiological interception



4 coating at |least a portion of the menbrane with a 5 m crobi ol ogi cal

i nterception enhanci ng agent, the mcrobiological 6 interception enhancing
agent conpa @ioagpia cationic nmetal conplex 7 capable of i rmEavwsSosgom?
positive charge on at least a portion of the 8 menbrane. 1 38. A process
according to claim 37 wherein the step og coating conprises 2 treating at

| east a portion of the nenbrane with a cationic 3 material having a

counter ion associated therewith to.forma. 4.cationically char.ged

rerbr anet VD 031 06 4TSN 0T AEaNa M0 GeT o tisoL iiSicPe Freeny sPPRHACAA v
charged nendrane tQa@oRicRh&8l &mhpl¥x; aidactive netal salt; and 7
precipitating a biologically-active metal conplex with at least a 8
portion of jhe counter 'fQMiﬁgg%kaip%%wsirbcthma@ﬁg@ﬂiegn ABlesdiabf R at 9

|l east a portion of the membrane. 1 39. A process for making a filter nmedium
conprising 8 he stepbawhbout? picsei.ding a plurality of nanofibers; 3 coating
at least a portion of a surface of at |east some of the 4 plurality of
said nanofibers with a m crobiol ogical interception 5 enhancing agent, the
m crobi ol ogj cal . intercepti agent risin . il ver-api ne- hal i de
conpl ex ha'vi ng!:’(’d Pl etc’so%ﬁp& 'ngﬁafﬁ%é gflusfri] ?9'%p993§g1ea&;?%%la°?cul ar wei ght
greater thap 5000 Daltons; .and 8 for.m m cro Qus structure having a
nean flow path of |ess F§0Y'ﬁ5\$ ao‘?lu%g}u(fr}%ﬁﬁ%lo?ﬁ '&q‘%ﬁé?m’lo provi di ng an
adsorbent prefilter conprisin mat eri al capabl e of r.enovin

char ge-redugi ng cont ani rf&R88 gf g"rﬂshﬁ Fio_ﬁtl"?rhtgﬁg,s” fﬁﬁe 8f ﬁéiiL‘??t sofue OFhe
adsorbent pgefilterpupgiy erenblilosaindiisero Rahodsmedrébielogical idted@ptigh process
for making a filter systemconprising the steps of: 2 providing an

adsor bent pbefilt erenfenpingsigant dhermisiobiplogicahanercepting agent comprising a

6 cationic metal complex; and
7 forming a microporous structure having a mean flow path of less
8 than about 1 micron.

1 37. A process of making a filter medium comprising the steps of:

2 providing a membrane having a mean flow path of less than

about 1 micron; and

coating at least a portion of the membrane with a
microbiological interception enhancing agent, the microbiological
interception enhancing agent comprising a cationic metal complex

capable of imparting a positive charge on at least a portion of the

o N OO U K

membrane.

1 38. A process according to claim 37 wherein the step of coating comprises

2 treating at least a portion of the membrane with a cationic
material having a counter ion associated therewith to form a

4 cationically charged membrane;



3 renovi ng charge-reduci ng contam nants froman influent, wherein the 4
material is imobilized into a solid conposite block; 5 providing a

pl ural i t ywofo3mwa#uasi bers; 6 coating at |east a portion of a@cuwdiawecof at

| east some of the 7 plurality of said nanofibers with a m crobi ol ogi cal
interception 8 enhancing agent, the nigbobiological i ntercepting agent
conprising a WO 03/064013 PCT/ US03/ 0006 58 9 silver-am ne-halide conpl ex
having a nediumto high charge densjt 10, and ,a no] ecul ar i,ght ,greater
t han 5000 Bal tons; and ffp%@%ﬁh?g@ﬁfeuwbﬁ@eé eEPREPa e %g’ﬁ%gg'%ﬁlﬁg t he
plurality of 12 napqlé RetsNawhag a nmean flow path of less than or about
0.6 mcrons, 13 wherein the mcroporous structure is downstreamfromthe
adsorbent 14 prefilter,. réciﬂi%aﬁn@‘a%i@ﬁ%&%ll@&ﬂv@ A1 enfplek et Bakd, 34,
35, 36, 37, 39, and 40 #ﬁrther 2 including the step of incorporating one
or nore ingsedi ent spargon loé tifd tounter ign raseficiateds wlitbcthe drafipnjmrodierial rasup

consi sting of actiwat?d C QRR%whaﬁth%ﬁ%d 4 alum na, zeolites,

di at omaceo eart h, °&7 PO LY af Ui™Mo8SITi cates, titanates, 5 bone char,
cal ci um hydroxyapatite, manganese oxi des, iron oxides, magnesia, 6
perlite, talc, polyneric particulates, clay, iodated resins, ion exchange
resins, 7 geragi csA pritdscihiakingiadner hleaieotomprisidg the sppeoess as in any
one of clainms 34, 36, 39, and 40 wherein the step 2 of providing a

plurality of nanofibers GeWRInsS P1Grafi@rdfinBofbed; ural ity of 3 fibrillated
| yocel | nanofibers and formng the fibrillated |yocell nanofibers into 4

the m cropogous struct Urc%ati%ﬁ?’lea@t_ RIRERMS 0P8 suffa@¥f BNRa&f soedbMhe34, 35,
and 36 wherein the step of coating conprises: 3 treating at |least a
portion of 4he pl urpluialify o¢f saidofiabelileersi with aa mierebicdesieal mintericeriiomavi ng a
counter on; assocl aet:n%%ntci“%ra%\é\‘ntt, Qhé %iérgrai@lo%ica? &@kkB{Mg“'é\één){ c%nr%rrigiﬁg d 1 ber

mat eri al ;

6 silver-amine-halide complex having a medium to high charge density
7 and a molecular weight greater than 5000 Daltons; and
8 forming a microporous structure having a mean flow path of less
9 than or about 0.6 microns.
10 providing an adsorbent prefilter comprising a material capable of
11 . removing charge-reducing contaminants from an influent, and placing
12 said adsorbent prefilter upstream of said microporous structure.

1 40. A process for making a filter system comprising the steps of:

2 providing an adsorbent prefilter comprising a material capable of
3 removing charge-reducing contaminants from an influent, wherein the
4 material is immobilized into a solid composite block;

5 providing a plurality of nanofibers;

6 coating at least a portion of a surface of at least some of the
7 plurality of said nanofibers with a microbiological interception

8 enhancing agent, the microbiological intercepting agent comprising a



6 exposing the cationically charged fiber nmaterial to a biologically 7
active netal salt; and WO 03/064013 PCT/ US03/ 00067 59 8 precipitating a

bi ol ogi caMoysactiise netal conplex with at least a 9 portiraT/Edo3nbis7 count er
ion associated with the cationic material on at 10 |least a portion of the
cationically charged fiber material. 1 . A process as in any one of
clains 34, 35, and 36 wherein in the st of 2 coating, at least a portion
of the plurality of nanofibers are treated with a 3 cationic materi al
having a cdunter i dHvVeispierhekbde compleyiaNingn MadiHm toj"@hf: YBE E8MY char ged
fiber matejdal, Wi JmbReyGReRRL ErelBl fah3bob DaBhechad S from the group

consi sting of am nes, es, ¢ nary anmonium salts, 6 imdes,

benzal koni conpounds, (i ' 0 &g@é“ e HlIGQIROYNdS,

pol yners twenr eof, and cgér?rllbnlgﬁgﬁ gﬁgropﬁ@%o#ﬁ&%ﬁg‘s r|osrncog2eses%as :ﬁﬁ any one
of clains 8%, 35, anmoBbemthaviegr maart fiew gatipolless hac oatbogf, 0.6 meicrons,
cationically charged fiber material is exposed to_.a biplogjcal 3 active
metal salt |3 wher ei nVPHEHINGI BISFRATPYS %{E’tcf(l@% 'Sng?‘%{PStfegnkﬁP@c{hgoaJ#@ﬁWt he 4
group consigting ofpgjikyser, copper, zinc, cadmum nercury, antinony, gold,
5 alum num platinum palladium and conbinations thereof. 1 46. A process

as in any one of clains 34, 35, and 36 wherein in the step of 2 coating,

the cationic nmetal conplex conprises a netal -am ne-halide conplex. 1 47. A
process as 1n dhy oherefescasinmpy ane oslainar 36, dhet®@idd, BY ansetGlughenf 2

coating, the catiopic netal ri.se il -am.ne- Ie:

compl ox. 1 6. T BPLE SR BRMRCBoEBNELhETS: o HEERRLEE B WG 4o
further 2 anchiediung seleetesit #Bemothepsovp diongistingd o factivaed caghmp) actfatedenovi ng
charge-reducing 3 contam napts from an | nfl uent pB'i ar to the jnfluent

3 L
cont acti ng {’fheam%pé‘?‘ﬂﬁ%s/ atgf"ﬁﬂi%%r‘*e‘irth\/\é'l@ﬁ?e%& ﬂ“%ﬂ%oé%ﬁ@f%? 60 1
49. A process ggnd BhANV¥alORm Rdr&hRAbARte 2Rangdfese3dkideddiroRRMidAS, MAgTsian t he

6 perlite, talc, polymeric particulates, clay, iodated resins, ion exchange resins,

7  ceramics, and combinations thereof.

—_

42. A process as in any one of claims 34, 36, 39, and 40 wherein the step
of providing a plurality of nanofibers comprising forming a plurality of

fibrillated lyocell nanofibers and forming the fibrillated lyocell nanofibers into

W

the microporous structure.

1 43. A process as in any one of claims 34, 35, and 36 wherein the step of

2 coating comprises:

treating at least a portion of the plurality of nanofibers with a
cationic material having a counter ion associated therewith to form a
cationically charged fiber material;

exposing the cationically charged fiber material to a biologically

N o bk W

active metal salt; and



2 step of providing a plurality of nanofibers, the nanofibers are made from
a 3 material selected fromthe group consisting of polyners, ion-exchange
resins, woessgicsagred resins, ceramcs, cellulose, rayon, RaxolS03®odek,

glass, nmetal, litanates 5 activated alum na, ceram cs activated carbon,
silica, zeolites, diatomaceous 6 earth,.activated bauxite, fuller's earth,
cal ci um hydroxyapatite, and 7 conbi nati% s thereof. 1 50. A process as in
any one of clainms 34, 35, 36, 39, and 40 wherein the 2 steg)hogjl fotrm' ng the
mi cr opor ous8st ruct ure cdipFPEAnER Riofogicallapie metal camplex wWish at legst ) ¢

bl own, or dgy laid spypn QR REuntdr Rh- askodiited &dfh B dafioAltym@RRalobn Gt ai Ns

34, 35, 36, 39, and 40 wherein the 2 step of form ng the m croporous
structure ifcl udes lengargsutien pife catianicalis chargad fbepprietial- st ruct ure one or
nore ingredients selected fromthe group 4 consisting of activated carbon,
activated alum na, zeolites, diatonmaceous 5 earth, silicates,

al um nosi | i cat @g, tAt@Re&is€as inkmyeonehdrclaimaBe) 26nahy dboxlapat inttiee ste of
manganese oxi des, iron oxi des, nagnesi a, rlite, talc, polyneric

particul ated, Coaifgayt leastiat %‘HT'P%Q?H e F’i'k‘fgﬁ xﬁ%ﬂ@i‘g?@s?rﬁstfgg&egr ¥R, and
conbi nati ong t ReEGRE - mdreng: MAVIRB! ROEbuRker! RSP\t IRGeMiBgIS dbrm a
contaminants in a fluid 2 conprising the steps of: 3 providing a filter
medi um havi Ag aatnicadiyorhergedstibaronaiesalhahiersin tae gatipses fatesial paseleded | ess

t han about m.Cr o the m.croporouys .5 st r ' at | east
a portion t %er &g gﬁq*rﬁ:orugblc% Sbsgﬁ%a(# a"é'ﬁfaitayﬁjigé%t(ﬁ‘gn%é%rﬂg%ﬁﬁgéﬁgnggﬁ%s’
conprising @8 Cahidesi Chértaldoniudmplcempodndehiguaniias,d patdleni eamimasidticoml has a
medi umto high charge density and .8 nol ecul ar ,wei ght greater than about
5000 Dal tong; RORIPDE4nely e598 /208 68T Pingi08s thgHhcting the fluid to the
filter medium for greater than about 3 10 seconds; and 11 obtaining at

| east about 6 | og reduction of mcrobiological 12 contam nants snaller

than the mean fsow pasBQL ol iarly brictt (B UM 85aind 36 wherein in the step of

2 coating, the cationically charged fiber material is exposed to a biologically
3 active metal salt, wherein the biologically active metal is selected from the
4  group consisting of silver, copper, zinc, cadmium, mercury, antimony, gold,
5

aluminum, platinum, palladium, and combinations thereof.

1 46. A process as in any one of claims 34, 35, and 36 wherein in the step of

2 coating, the cationic metal complex comprises a metal-amine-halide complex.

1 47. A process as in any one of claims 34, 35, and 36 wherein in the step of

2 coating, the cationic metal complex comprises a silver-amine-halide complex.

—_

48. A process as in any one of claims 34, 35, 36, 37, 39, and 40 further
including the step of providing a prefilter capable of removing charge-reducing

contaminants from an influent prior to the influent contacting the microporous

A wWN

structure.



13 pass through the filter medium 1 53. A nethod according to claim52
wherein the step of providing a filter 2 medium conprises providing a
filter nediowsossasei n the m croporous 3 structure conpri sEg/esophersal ity of
nanofi bers such that the mcroporous 4 structure has a nmean flow path of

| ess than about 0.6.mcrons. 1 54. A ne%pod according to claimb52 wherein
the step of providing a filter 2 mediumconprises providing a filter
medi um wherein the mcroporous 3 structure conprises a plurality of
fibrillated Iyocell nanofibers such that the 4 mcroporous structure has a
mean flow pathypf Lesgcbhan iakayiond: i JdHimE 2053013439, AndeioheRerdmcibedi ng to
claim52 wherein the step of providing a filter 2 medi um conpr.i ses

provi di ng & fididpenf pediding whelusility oheamfhespdhonanofibesy pigciade floBAr i ses a

menbr ane such that. th 1 CL O 0 t A 4. h of

| ess than gbodmaﬁp§fﬁﬁ%&%ﬁQQB%ﬁ%gani(%%§%%%§%Q@%¥®FﬁgKgﬁggrékﬁﬁggﬁ%herein
in the step ofergimd¢icdi rRging detdniies, ceRulorgirayon, Woel, silk,r ghiis oinetal, dédnates

i nterception enhanci ng agent is coated gn t he 3| m crolpor\(,)éjs structure by 4
treating atd | eagivatad Fymngn cerMieseachvated gl Uiy ERIE™ i TRMECoR!s

guat er nary nn%@%u o] e a ' oph @l 1 alcelar rdRyEFRBOr Qg 6
structure; % Og]ﬁg@??kegﬂ?%%%‘og%%gé g%@ e(%posi ngg’tdh(gaycgti onically

char ged m cf oponchisatsinsuledraefe to a 8 biologically active netal salt; and 9
precipitating biologically-active netal with at | east a portion of a 10
counter ion associated with the quaternary ammonium salt on at least a 11
portion of the_ m croporous structure. 57 t hpd,accor i aim52
wherein in the®&t e BFOGFHH thi Y Fe Y %‘?'msezrﬁ' ﬁgd?lg}n%g?}taﬁ@ Enq %8%’?10 6gi cal

i ntercepti on enbaREidGiRIMRImEATI B uBurScoapiiesiaowadbiineocdsvi dy a

medi umto high charge density and a nol ecular 4 weight of about 400, 000
Dal tons, an¥ alaid mﬁggﬁlmmwﬂéﬂaﬂd@wémﬂmgs

—

51. A process as in any one of claims 34, 35, 36, 39, and 40 wherein the
step of forming the microporous structure includes incorporating into the
microporous structure one or more ingredients selected from the group
consisting of activated carbon, activated alumina, zeolites, diatomaceous
earth, silicates, aluminosilicates, titanates, bone char, calcium hydroxyapatite,

manganese oxides, iron oxides, magnesia, perlite, talc, polymeric particulates,

DTN« ) SN &1 NN~ CUR (8

clay, iodated resins, ion exchange resins, ceramics, and combinations thereof.

1 52. A method of removing microbiological contaminants in a fluid

2 comprising the steps of:

providing a filter medium having a microporous structure having
a mean flow path of less than about 1 micron, the microporous
structure having coated on at least a portion thereof a microbiological
interception enhancing agent comprising a cationic metal complex

wherein said cationic material has a medium to high charge density and

o N oY Ul W

a molecular weight greater than about 5000 Daltons;



5 precipitated with at | east a portion of the counter ion associated with
the 6 cationic polyner. 1 58. A gravity-flow filtration system for

treati ng, wataroesg3 and di spensing 2 fluids conprising: 3pTIUSISHOMGRSEr VOI I
for holding a fluid to be filtered; 4 a filter mediumin fluid

comruni cation with said first reservoir, .. 5 said filter mediumconprising a
m croporous structure with a nean 6 flc?\]/ path of |ess than about 1 m cron,
and wherein said filter medium 7.is so treated,as to provide at ast
about 4 | od reduction ofontactngcthegivis ‘Bdh%gﬁerc'@ﬁ‘i"&m fltﬁ’éﬁFeé‘t%ﬁléa]nl %1'0”% an the
mean flow path of %@&&gsgarﬂ |ter medium and 10 a second reservoir in fluid
comuni cation with sard filter 11 nmediumfor collecting a filtered fl uid.
1 59. The gravity-flow filtratign S i hidtapso|whesiei n sai d
2 filter n‘g]di um has a vfgkﬁr@ﬁ%fﬁl Ieegs?sf %%aggg%ﬁbg%éﬁogng# Zi;llg}&ﬁaswglan initial
flow 3 rat® of greab@mitdensmabbarthasthaimeanflove patnof 037 Blgromelium that

PCT/ US03/ 00067 63 1 6@. Ahf'hl gﬁrrnrqrecﬁirlﬁm as in one of clains 1 to 18 as
substanti a3ly descriidpelirougiae &'y WPYH™ ef erence to and/or illustrated in

t he acconpanying drawings. 1 61. Afilter nmedium according to any one of
clainms 1 to 18 as described 2 herein in any of the exanples. 1 62. A
filter systemgs i ath&f a&doddin® td Qlatrd 52 iwhéremStht GtepQofspibsitimatd filidry 2
descri bed herein with reference to and/or illustrated in the acconpanying

3 drawi ngs.2 1 ®sdium fqommsisesipwdingsai flteininediung | whergim ghg gnistorgrodsg t o 59
as describ I Db DV 2AY., . king a
filter med%m érsdzﬁ{]rgaér;byrh%h%po? O%f'gpﬁsgggﬁpgﬁ%elrs %féfgSFh&AR%?ﬁ%ﬁo%?oﬁmv?ng

m crobi ol ogd castruzont has marens flow @ath blliess than avouiyo.microme of clains 52 to
57.

1  54. A method according to claim 52 wherein the step of providing a filter
medium comprises providing a filter medium wherein the microporous

structure comprises a plurality of fibrillated lyocell nanofibers such that the

SN

microporous structure has a mean flow path of less than about 0.6 microns.

1 55. A method according to claim 52 wherein the step of providing a filter
medium comprises providing a filter medium wherein the microporous

structure comprises a membrane such that the microporous structure has a

B W N

mean flow path of less than about 0.6 microns.

1  56. A method according to claim 52 wherein in the step of providing a filter
2 medium, the microbiological interception enhancing agent is coated on the

3 microporous structure by

4 treating at least a portion of the microporous structure with a
5 quaternary ammonium salt to form a cationically charged microporous

6 structure;
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7 exposing the cationically charged microporous structure to a
8 biologically active metal salt; and
9 precipitating biologically-active metal with at least a portion of a
10 counter ion associated with the quaternary ammonium salt on at least a
11 portion of the microporous structure.

—

57 A method according to claim 52 wherein in the step of providing a
filter medium, the microbiological interception enhancing agent comprises a
cationic polymer having a medium to high charge density and a molecular
weight of about 400,000 Daltons, and a biologically-active metal is

precipitated with at least a portion of the counter ion associated with the

oS o b W DN

cationic polymer.

1 58. A gravity-flow filtration system for treating, storing, and dispensing

[NS]

fluids comprising:

a first reservoir for holding a fluid to be filtered;

a filter medium in fluid communication with said first reservoir,
said filter medium comprising a microporous structure with a mean
flow path of less than about 1 micron, and wherein said filter medium
is so treated as to provide at least about 4 log reduction of
microbiological contaminants smaller than the mean flow path of said

filter medium; and
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a second reservoir in fluid communication with said filter

—_
-

medium for collecting a filtered fluid.

1 59.  The gravity-flow filtration system according to claim 58 wherein said
2 filter medium has a volume of less than about 500 cm® and has an initial flow

3 rate of greater than about 25 ml/minute.
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1  60. A filter medium as in one of claims 1 to 18 as substantially described

2 herein with reference to and/or illustrated in the accompanying drawings.

1 61. A filter medium according to any one of claims 1 to 18 as described

2 herein in any of the examples.
1 62. A filter system as in any of claims 19 to 27 or 58 to 59 substantially
2 described herein with reference to and/or illustrated in the accompanying

3 drawings.

1 63. A filter system as in any of claims 19 to 27 or 58 to 59 as described

2 herein in any of the examples.

1 64. A process of making a filter medium as in any one of claims 28 to 51.

1  65. A method of removing microbiological contaminants in a fluid as in any

2 one of claims 52 to 57.



