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The present tinvention +is directed to a composite
comprising of at least two types of fibers, preferably
nanofibers, wherein one type of fiber binds the other
fibers forming a fiber-fiber composite structure having a

mean pore diameter of less than about 1 um.

Summary of the Invention

The present invention is directed to a composite
flat sheet medium comprising of: majority fibers; and
minority fibers admixed with the majority fibers wherein
the minority fibers have a softening point Tower than the
majority fibers such that when the admixture of majority
fibers and minority fibers are wet Taid to form a paper-
Tike structure and subjected to a pressure and a
temperature above the softening point of the minority
fibers, the majority fibers and minority fibers form the
composite having a mean pore diameter equal to or Tless
than about 1 pm with a porosity of greater than about
35%, and a wet strength of greater than about 0.013
kg/mm.

and a wet
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minority fibers may comprise a polyolefin, polyvinyl

10 alcohol, an acrylic, or combinations thereof.
Preferably, the softening point of the minority fibers is
at least 25°'C Tlower than a softening point of the
majority fibers.

The composite of the present invention may have a

15 mean pore diameter of the composite is equal to or less
than about 0.75 um; a bubble point that is equal to or
Tess than about 8 um.

The composite of the present invention may further
include a microbiological interception enhancing agent.

20 In another aspect, the present invention is directed
to a filtration system comprising of: an activated carbon
filter medium, in combination with a high wet strength
nanofiber composite having a mean pore diameter of less
than about 1 um, wherein the nanofiber composite

25 comprises of majority fibers; and minority fibers admixed
with the majority fibers wherein the minority fibers have
a softening point Tower than the majority fibers such
that when the admixture of majority fibers and minority
fibers are subjected to pressure and a temperature above



that when the adm xture of majority fibers and mnority fibers are
subjected to pressure and a tenperature above WO 2005/ 047597
PCT/ US2004/ 027247 3 the softening point of the mnority fibers, the

majority fhanhsopkse coal esced. into the high wet stren te.
Preferably, the activated carbon filter nmedium s conpr?é@?sggggg%gn bl ock

having a mean pore dianeter of greates than about 1 pm and wherein the
filtration system can renove protozoan cysts. Alternatively, the activated
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Commos e T B! YT RBC A iy AL OB PR3 ATk ERBLE S spbnc, o,
nmet hod of rewaNumg Waeindi oliogiotellized therein activated carbon
10 particles, alone or in combination with other active
agents, between one or more substrates, or admixed with
fibers to result in entanglement or bonds with the fibers
within the activated carbon filter medium. Preferably,
the nanofiber composite is the one or more substrates of
15 the flat sheet filter medium. Also, the activated carbon
filter medium may be formed into a spiral wound or
pleated flat sheet filter element. The filtration system
may further include a particulate prefilter.
Preferably, the nanofiber composite <can be a
20 prefilter placed upstream of the activated carbon filter
medium. Either or both of the activated carbon filter
medium and the nanofiber composite may further include a
microbiological interception enhancing agent.
In yet another aspect, the present -dinvention s
25 directed to a method of removing microbiological
contaminants from a contaminated liquid comprising the
steps of: providing a filter medium comprising a fiber-
fiber composite having a mean pore diameter equal to or
less than about 1 pm, the composite formed from a wet



contam nants froma contam nated |liquid conprising the steps of: providing
a filter nmediumconprising a fiber- fiber conposite having a nean pore

di aneter equal to or Iless than about 1 pm the conposite formed froma wet
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10 contaminants having an average particle size greater than
about 3 to about 5 um.

The fiber-fiber composite may be a prefilter for the
filter medium in a flat sheet, spiral wound or pleated
configuration.

15 Preferably, 1in the step of providing a filter
medium, the filter medium further +includes an activated
carbon filter medium. The activated carbon filter medium
may comprise an activated carbon block, and wherein the
fiber-fiber composite is wrapped around the activated

20 carbon block, spiral wound and inserted within a core of
the activated carbon block. The activated carbon filter
medium may comprise a flat sheet medium comprising
activated carbon particles +immobilized on a substrate.
Preferably, the fiber-fiber composite is a substrate of

25 the flat sheet medium. A particulate prefilter may be
added upstream from the activated carbon filter medium.
The filter medium and/or the fiber-fiber composite can be
treated with a wmicrobiological Jnterception enhancing
agent.



Preferably, the fiber-fiber conposite is a substrate of 25 the flat sheet
medium A particulate prefilter may be added upstreamfromthe activated
carbon filter medium The filter nedium and/or the fiber-fiber conposite

can be tr%@“l /&% a mcrobiological interception enhancing agent. WO
2005/ 04759 7 04/ 027247 5 Detailed Description oPCTis20s/ef7a17r ed

Enbodi nent (s) The fiber-fiber conposite of the present invention includes
majority fibers and minority fibers, 3herein the 5 majority fibers are
present in an anmount greater than the mnority fibers. The mnority fibers
are present as a binder to provide an adhesive force coal escing the

majority fibe It o Sitec sty ucture when . Nty fibers are

heated to' at Bﬁgiéé\.glteq #éSngg?fo&i%Es% %‘Fﬁgrﬂﬁgt E'BQ&B%“F%{{:% ing their

nel ting point. The fibdrefibebecompugdset @fofth&epmm?t-i_rivw?ﬁ?hlon is uz_ef ul
traditional filter nedia

as a filter dium al.one and. .in conbjnation w th
such as, foR¢ I“@,JO&FYV&U%E’JS cadT‘JoJHnﬂrﬂFgr%FrEﬁr%! Wherdingihenor e

structute hjdMrcyl FibePsrafd BffesePOY &9 AholiRe ?F@&@@ﬁ tHarerthieon provi des
short diffusion distances froma fluid to_the surface of the conposite by

adsor pt i onMORO R HYF UETRASSi.nt ethee b T BAri BakfHRe S aneeREBFRBHE 2kedi um f or
P i AL A Sp AL Lo AR ST Lot
anti - mi cr obipdriant i Tilvers ahute! Ebter oeormp(u;iitre charlgetunmewham edghat ed paper ’
can be form r(\jo%stiyngﬁ'bers are heated to at least their softening
10 point up to and including their melting point. The
fiber-fiber composite of the present invention s useful
as a filter medium alone and 1in combination with
traditional filter media such as, for example, activated
carbon filter media. The tight pore structure of the
15 fiber-fiber composite of the present invention provides
short diffusion distances from a fluid to the surface of
the composite by adsorption or diffusive dinterception
making it an excellent medium for fluid filtration. Pre-
or post-treatment of the fiber-fiber composite can impart
20 properties such as, for example, hydrophilicity,
hydrophobicity, anti-microbial activity, and electro-
static charge. The integrated paper can be formed using,
preferably, wet Taid paper-making processes for speed and
efficiency. '
25 The fiber-fiber composite has a mean pore diameter
of less than or equal to about 1 micron, and preferably,
less than or equal to about 0.75 micron, more preferably
less than or equal to about 0.5 micron, and can be as Tlow

as 0.2 microns. The bubble point, largest pore size, of



preferably, wet |aid paper-nmaking processes for speed and efficiency. 25
The fiber-fiber conposite has a nean pore dianeter of less than or equal to
about 1 micron, and preferably, |ess than or equal to about 0.75 mcron,
nore preferwblzysohgss than or equal to about 0.5 mcron,_and can be as | ow
as 0.2 microns. The bubble point, |argest pore size, of N/ P8Hs024597

PCT/ US2004/ 027247 6 the conposite is about 2.0 to about 8.0 m crons, but
can also be less than about 2 O mcrons. The tight pore structure of the

conposite pr V|des ter than ab 99 95@6re uct.ion of part | at es
having a parti@ FQmE §E % b ? t ﬁg% gr@ﬂ§f°ﬂﬁ?l§”ﬁa§?ﬁ
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strength Val%%%r r@ﬁﬁ@{:%n t E?n p%l?"%"ﬂ:uq’agésg k& JhﬁaFthETé kfzd he

Fi ber - Fi ber osite The fiber-fiber conposite ol the present invention
i ncl udes 5majadt i %53|Ehﬁ@ abauiti rbor i gransherwhi hehavi ngr itrgmENdey s

pref erably RHoM! dpo3giAgheshyacfyce thahe 5 nglerepart edipbertdy fibers

into the conposite  sStr ferably a flat sheet
structure. ﬁﬁmfeadhbﬁlhasfercbhndaﬁﬂﬂarqftabomalésﬁé tttee abqwtlﬁyB fibers

can e P Oulag huebEet SIORL, TROESt S BLERRH Sor ARI® ANRRCRLI DT
Conpr essi on @inpbBete is preferably about 10 to about 30% of the dry
10 strength value, or greater than about 0.013 kg/mm.
The Fibers in the Fiber-Fiber Composite
The fiber-fiber composite of the present invention
includes majority fibers and minority fibers. The
minority fibers preferably provide an adhesive force that
15 «coalesces the majority fibers dinto the composite
structure, preferably a flat sheet, paper-like structure.
The adhesive force necessary to coalesce the majority
fibers can be provided by heat and/or modest pressure.
As the average fiber diameter decreases, the pore size of
20 the fiber-fiber composite declines. Compression of the
composite by calendaring will reduce the porosity of the
composite and compress the fibers to further reduce pore
size.
The Majority Fibers
25 One or more types of fibers may be present as the
majority fibers. Majority fibers useful 1in making the
integrated paper of the present invention are any fibers
that can be fibrillated dinto nanofibers that have a
softening point at least about 25°C greater than that of



conposite by calendaring will reduce the porosity of the conposite and
conpress the fibers to further reduce pore size. The Majority Fibers 25 One
or nore types of fibers may be present as the nmjority fibers. Majority

fibers usgfybogsis7aKi Nng the integrated paper of the P sption are
any fibers 8 %at4can be fibrillated into nanofibers that ﬁﬂﬁmﬂ sof t eni ng

point at |east about 25'C greater tham that of WO 2005/ 047597
PCT/U82004/027247 7 the ninority fi bers such that upon heat or pressure,
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conposi te. ers ri Se organi c eric frbers that are
capabl e ofrMGDmgtY|ﬁﬂberatéd.nﬁtﬁnbﬂtlBadeﬁoﬂib&he aDGEHﬁirupt@m%rred due to

ori 11t et s sotmer . THR°E7BRRST PrBRR A sohesdsnBFbanih s
pol yani de, p&‘,dly)nbi'tc ﬁttbak@nithatlsre lcagabvecwsmhngolfyimﬁﬂmu@m as

VECTRAN(r) and 1o the like; 10 reS|ns englneered
resins: bL'J"Pﬁ/ ayo"rbe'"rsarﬁaé’:“1 WBBSt SRT&t e"g’leég ﬁ‘et &P. thetamic: ot her

fibrous Wté(c'eﬁ't%nﬂhﬁomé‘aahﬁé}ﬁmMEVE%‘PJ %@éﬁ)tﬂﬁhﬂ”%b@f c®égani c and
I norganic fibers nd/’or whi skers whether fibrillated or not, are 15

contenplaté@cbn@1hr!h]¢¢Qdmf¥hﬁ§§e1@K1wﬁés|hV§nﬁr©n"0Foﬂ1mé¥@WﬁUé gl ass,
coram piglphiks! B6ER 0 PALNEIG, | NN HEASBIRIR e e
paper . Tiquid crystal po]ymers such as VECTRAN® and ZYLON®, and
10 the T1ike; ion-exchange resins; engineered resins;
celluTose; rayon; ramie; wool; silk; glass; metal;
ceramic; other fibrous materials; or combinations
thereof. Combinations of organic and dnorganic fibers
and/or whiskers whether fibrillated or not, are
15 contemplated and within the scope of the invention. For
example, glass, ceramic, or metal fibérs and polymeric
fibers may be used together. Glass or metal fibers can
provide additional wet strength to the +integrated paper.
In a most preferred embodiment, fibrillated Tyocell
20 fibers are used due to their exceptionally fine
dimensions and potentially low cost.

FibriTlatable cellulose fibers can be made by direct
dissolution and spinning of wood pulp 1in an organic
solvent, such as an amine oxide, and are known as lyocell

25  fibers. Lyocell fibers have the advantage of being
produced in a consistent, uniform manner, thus yielding
reproducible results, which may not be the case for, for
example, natural cellulose fibers. Further, the fibrils
of lyocell are often curled. The curls provide a

b



In a nost preferred enbodi nent, fibrillated |yocell 20 fibers are used due
to their exceptionally fine dinensions and potentially | ow cost.
Fibrillatable cellulose fibers can be made by direct dissolution and
spinning o p in an organic solvent, such as , and
are known gmﬂﬁeg%E#B zs fibers. Lyocell fibers have thgﬂ%ﬁg%ﬁﬁﬁﬁzm f being
produced in a consistent, uniformmanger, thus yielding reproducible
results, which nmay not be the case for, for exanple, natural cellul ose
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ent angl enenadvaket age , aﬂtledﬁladiv'ldrmagle,“lybheﬂliﬁﬂbéﬂ"satrmy Ihpoparoduteter s may be

produced in | gquantities. using equipnent a cost .
P e it s T68Ge THRRRE B8 “Bish o il BERb s a%r‘éﬁ bRl P hi et 1o
produce extt@ml y fithewil] bivel sungersrcasi f@haexaﬁmiees so'tﬁmet ithafii bers, in

particul ar, lic or palyacrylonjtri]Je (PAN). fibers, or er ceIIuI05|c
material 5. Vﬁk %6W8dﬂE@H|%® 1@Eﬂ{ﬂ e pFScREQINEG mEKLFERS] %u heio as

cel | ul ose OfjRGIITEr sERETSs Y Qﬁ@ﬁPﬂEerSs RENA € ¢ NavidedsGangdi an
Standard Freeness 'of |ess than or equal to a out 100, preferably | ess than

or equal topaGEM1as, aerdl s madyacsplgnieetle heANSr Tddeas .t ef about 0.
However, |t kg]ﬁg ?ﬁ?%@r@?@éﬁ at in some cases, 15 Canadi an St andard
Freeness i s ho eal heasure of ~ fiber size, as in the case of extrenely
stiff fibers sutten produced by a wet laid process from fibers such

10 as cellulose or polymer fibers, such nanofibers should
have a Canadian Standard Freeness of less than or equal
to about 100, preferably less than or equal to about 45,
and most preferably 7less than or equal to about O.
However, it should be recognized that 1in some cases,

15 Canadian Standard Freeness 1is not an dideal measure of
fiber size, as in the case of extremely stiff fibers such
as those produced from 1iquid crystal polymers such as
VECTRAN®, In these cases, the fiber size should be
directly assayed using microscopy. Preferably, a

20 significant portion of the nanofibers should have an
average fiber diameter less than or equal to about 1000
nanometers, more preferably Tess than or equal to about
400 nanometers, and nanofibers less than or equal to
about 250 nanometers in diameter are most preferred.

25 It is preferable to chop the original fibers prior
to fibrillation to a Tength of about 1 millimeter to
about 8 millimeters, preferably about 2 millimeters to
about 6 millimeters, and more preferably about 3
millimeters to about 4 millimeters, and to sustain this



as those produced fromliquid crystal polynmers such as VECTRAN(r). In these
cases, the fiber size should be directly assayed using m croscopy.
Preferably, a 20 significant portion of the nanofibers should have an

aver age fi bwo 20ésaawpoer | ess than or equal to about 1000 nanoneters, nore
preferably | ess than or equal to about 400 nanoneters, BLIUSIAMORTBEr s | ess
than or equal to about 250 nanometertq)) in dianeter are nost preferred. 25 It
is preferable to chop the original ers prior to fibrillation to a |length
of about 1 mlllrreter to agbout 8 mllipeters, prefera about. 2
mllinetersfiber alﬁﬂﬁthfs %mﬂgm’éf‘@r R bﬁf‘lg?%?%“ W@‘@%Waad’&]td@g
mllineters, i@e?ﬁ rf'gLS and to sustain this WO 2005/ 047597

PCT/ US2004/ 02724 9 f| ber Hleng during the fibrillation process by

avoi di ng excesshhe Minmperd ty ukihers The M nori ty F| bers The minority fibers

preferably have ﬁ,‘esokgﬁgkﬂg, %1'3%;‘@ erlzﬂh » h gel c{Tg(te the

mejority fibers, maorlty Ve west softenlng
poi nt. Psefpodit yat tlleasii E@fd:tl;e]‘mvbelrlmtam’ tthermmg;etiby ftl:tmrrsrmplr'ast iC

t | ib h ! hol t di | t el evated
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fibers. Thpommorlﬂdéﬁerﬁ@r@ c@nehavRopvey aBfhdidelrdi Bmmmiset apove and
bel ow t he sub-m cr.on range. As the fiber.. diameter of the narity fibers

decr ease, t eerpaplRstor  mREBFialsfi ber B1bRRSIe FUD c R e WHOY ) ori ty
fibers alcohol that dissolve at elevated temperatures in the

10 presence of moisture are also useful as minority fibers.

The minority fibers can have average fiber diameters
above and below the sub—mjcron range. As the fiber
diameter of the minority fibers decrease, the amount of
minority fTibers needed to coalesce the majority fibers

15 decrease provided that the minority fibers are well
distributed amongst the majority fibers to provide the
desirable degree of wet and dry strength. The pore
structure of the fiber-fiber composite varies with the
average fiber diameters of the majority and minority

20 fibers. The pore structure of the composite can be
further reduced when using minority fibers that shrink
when heated as a result of a release of residual stress
trapped within the fiber during the manufacturing
process. This can pull the structure inward and make the

25 pores smaller,

If the majority and minority fibers are similar in
average fiber diameters, this leads to the highest
porosity, the most uniform pore size, and the highest
permeability 1in the resulting fiber-fiber composite.



15 decrease provided that the mnority fibers are well distributed anongst
the majority fibers to provide the desirable degree of wet and dry
strength. The pore structure of the fiber-fiber conposite varies with the

average fi Ry 096@aR5ers of the mpjority and mnority zopfiPeossntils pore
structure of the conposite can be further reduced when using mnority

fibers that shrink when heated as a ygsult of a release of residual stress
trapped within the fiber during the manufacturing process. This can pul
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mnority fiDers’ are oi I'n " 'average fTiber L Feads to the
hi ghest potbelmynorhﬁynﬁ$bemm|5mnhnthx13 theemiaonditie flibgihesthavper neability

in the resultin i_ber..co e WO 2005( 04,7597 .PCT/ US2 1027247 10
Thus, it is°pPefdr (23& “i)&t" SEEnAR. §£r‘°5)‘e-°tso 3 Cﬁ'l“F%Y‘[SéC’%rwﬁ‘sm%ﬁgri ty fibers
such t hat thQJ@wﬂ@yHﬁbewsbers have simlar Canadi an Standard Freeness and

di nensi ons as the jO[ib?Tflb 5 Useful mnority ers hat can act as

bi nder fFbers eMIpatT &Y 'HEVSIFhﬁﬁe&aﬂoacboﬁ§oh¥ﬁ 815, T196F§vi ny|
hal i des, pohm«n é %L@rére pl%ﬁ/VHWl'teﬁth@tf FRNErMs, Beshahga pol yvinyl
pol yvi n
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polyvinyl amines, polyamides, polyimides,
10 polyoxidiazoles, polytriazols, polycarbodiimides,
polysulfones, polycarbonates, polyethers, polyarylene
oxides, polyesters, polyarylates, phenol-formaldehyde
resins, melamine-formaldehyde resins, formaldehyde-ureas,
ethyl-vinyl acetate copolymers, co-polymers and block
15 interpolymers thereof, and combinations thereof.
Variations of the above materials and other useful
polymers 1include the substitution of gﬁoups such as
hydroxyl, halogen, Tower aTlkyl groups, Tower alkoxy
groups, monocyclic aryl groups, and the Tike. Other
20 potentially applicable materials include polymers such as‘
polystyrenes and acrylonitrile-styrene copolymers,
styrene-butadiene copolymers, and other non-crystalline
or amorphous polymers and structures.
Other binders that may be useful 1in the present
25 invention as minority fibers if available in fiber form

include end-capped polyacetals, such as
poly(oxymethylene) or polyformaldehyde,
pely(trichloroacetaldehyde), poly(n-valeraldehyde),

poly(acetaldehyde), and poly(propionaldehyde); acrylic



resins, melam ne-fornal dehyde resins, fornal dehyde-ureas, ethyl-vinyl
acetate copolyners, co-polyners and bl ock 15 interpolyners thereof, and
conbi nations thereof. Variations of the above naterials and ot her useful
pol ymers i Qe #6t6osbd2¢ substitution of groups such as 9(?%%@004/&}?!4996”

| ower al kyl groups, |ower alkoxy groups, nonocyclic aryl groups, and the
like. Other 20 potentially applicabl eipmaterials include polyners such as

pol ystyrenes and acrylonitrile-styrene copolyners, styrene-butadi ene

copol yners, pan m@Hﬂer s0eR- Cdé’Stp%th@? 1480 @dr Bqugaepwn@r i@, structures.
O her blnders may be useful in t% pr esent I nvention as n1nor|ty
fibers if avai Vé’ﬂ#"é’lalcﬁf)/ﬁmer 2ot | ndqQ]d’é%hM}cap@@'ﬁNhﬂ%cet&P such as

ol y( oxynet hyds, | et ehyde),
Bolggn zale §|§§ﬁ%ﬁ§ﬁ HQEM% acé%g’égﬁu gBQEYﬁ h B ?&f%@ggléﬁgﬁdgﬁydé);
acrylic WO 20@5(0@?597UPCE€U320940Q2724Derflupoﬁvmhe stthydene-

Reryrat oy mhapy BRI et SRS o BRHVIERRSEBE LA ELAS R LY o

pol y(tetr af kopobaidns, ene)pom,e(rcﬁ'nﬂUﬁmtnﬁfhmbmdt}ﬂye’lmaeS pr opytharienespol yner s,

et hyl ene-tet quor epe - co olyners chlor fJu r.oet hyl ene),

et hyl ene- ﬁFi?ERFrW %83?%¥“€H§ on(Q? é eFFuorlde)

and pol y(vi lﬂhoﬂd@“ Q!#\):J p@q xaﬁrhydEwawﬁJru@s ;Rﬂl')bdnﬁﬂ@@ n@,@a;hr @akc acid) or

pol y(e- caprolacta .. hexanethylene adlpan1de V hexanethylene
oly(b- am1nocapr01c acid or poly(e- capro actam),

10 po1y(hexamethy1ene ad1pam1de), poly(hexamethylene
sebacamide), and poly(li-aminoundecanoic acid);
polyaramides, such as poly(imino-1,3-
phenyleneiminoisophthaloy1) or poly (m-phenylene

1sophtha1am1de); parylenes, such as poliy-2-xylylene, and
15  poly(chloro-1-xylylene); polyaryl ethers, such as
poly(oxy-2,6-dimethyl1-1,4-phenylene) or poly(p-phenylene
oxide); polyaryT sulfones, such as poly(oxy-1,4-
phenylenesulfonyl-1,4-phenyleneoxy-1,4-phenyl-
eneisopropylide ne-1,4-phenylene), and poly(sulfonyl-1,4-
20 phenylene-oxy-1,4-phenylenesulfonyl4,4'-biphenylene);
polycarbonates, such as poly-(hisphenol A) or
poly(carbonyldioxy-1,4-phenyleneisopropyiidene-1,4-
phenylene); polyesters, such as poly(ethylene
terephthalate), poly(tetramethylene terephthalate), and
25 poly(cyclohexyl-ene-1,4-dimethylene terephthalate) or
poly(oxymethylene-1,4-
cyclohexylenemethyleneoxyterephthaloyl); polyaryl
sulfides, such as poly(p—phenylene sulfide) or poly(thio-
1,4-phenylene); polyimides, such as poly(pyromellitimido-



sebacam de), and pol y(11-am noundecanoi c acid); polyaram des, such as
pol y(i m no-1, 3- phenyl enei m noi sopht hal oyl ) or pol y(m phenyl ene

i sopht hal am de) ; paryl enes, such as pol y-2-xylylene, and 15

pol y( chl or owb-2ydipikene) ; pol yaryl ethers, such as

pol y(oxy- 2, 6- di met hyl - 1, 4- phenyl ene) or pol yp- phenyl ene POXVIREIH0254T yar yI
sul fones, such as pol y(oxy-1, 4- 2
phenylenesulfonyl-1,4-pheny|eneoxy-l,&-phenyl enei sopropyl i de

ne- 1, 4- phenyl gn ol ub f ~1,4- 20
phenyl eP\e- o?(ﬁ'yiai,ﬁb%ﬁg y@énggéﬂﬁé\)@%ﬁ”- bisé'hcélﬁyl ea}‘f'e) ; 903?5?'5/*&%} JOrat es, such
asI p(()l y- E)bi spl@ggpabp)fbirm,h po|1y(1_—butene) » po1y(2—2uteﬂe) g po1)y(1— I t

o] car bon I oxyz 1, 4- enei sQpro ene-1, 4- enyl ene) ; esters,
Poch ae pol REBEEIEinepo ur et a2 ey PORULSTTEERK et PR R D) G hal ot &)
and 25 pol Y(JEYIS‘('(@h@é(WImepén%eﬁéj@t hyligpe tepenhhbakat e)s@ch  as
pol y(oxynet hyl_ene- 1, cycl ohexyl enenet hyl epneoxyt er epht hal Qyl ) ; | yaryl
sul fides,’ sl YA¥imel y( pCekREs sen_ep%w(f"ﬂﬂléi‘ gengol ﬂhmrd-de%,v4- ;ﬂfgﬁyl ene) ;
polyi m des, saq¢kyasy POLN{MTRIB! |dildnd #0105/ QAhpO%s PETS LUsei4/ 027247

12 1, 4-phenyl ene);, pol yol efins, such as polyethylene, polypropyl ene,

pol y( 1- but ede B bpeagdieneut bripo Iyolly 3 dbutadients) , by igansae: erand

pol y( 3- net hyl +1,; :ﬁﬂfe) .an - et hyl - - o Vi Nyl yners,
such as s pé)loy—l/}/\gﬁﬁﬁ acerat e%?@gjfi'geﬁe@ ixhgneegﬁmpiﬁég, gﬁd tquol y(vi nyl
chloride); doeagopud yneush suschaaylbn2tpdlebutiadidneg-adiyareme (ABS)

L 4ol veol, SRUISMEDS PRLYLSPRERNS AR W)Y CLORIGRE 10l VT enes:

polyethylene, Tinear Tow density polyethylene,
polypropylene, poly(l-butene), poly(2-butene), poly(i-
pentene), poly(2-pentene), poly(3-methyl-1-pentene),
poly(4-methyl-1-pentene), and the Tike.

15 Preferred minority fibers dnclude polyethylene,
polypropylene, acrylic, polyester-polypropylene or

polypropylene-polyethylene bi-component fibers, or others
can be used as long as they have a softening point Tess
than the Towest softening point of the majority fibers,
20 and preferably at Teast about 25°C Tower than the Towest
softening point of the majority fibers. Certain types of
treated polyethylene fibers, when properly treated, as
described below, are optimal, and have the additional
benefit of not significantly interfering with the
25  hydrophilic nature of the resulting fiber-fiber composite
when used in modest volumes. Preferred minority fibers
include FYBREL® synthetic fibers, and/or SHORT STUFF®
Grades EST-8 and/or E385F, all of which are polyolefin
based. FYBREL® is a polyolefin based synthetic pulp that



foregoi ng, such as acrylonitril ebutadi ene-styrene (ABS) 1o copol yners.

Pol yol efins that may be useful include polyethylene, |inear |ow density

pol yet hyl ene, pol ypropyl ene, poly(1l-butene), poly(2-butene), poly(1-

pent ene), pwlofedsqentene), pol y(3-nethyl -1 -pentene),

pol y(4-nethyl -1 -pentene), and the like. 15 Preferred ni nBYTP§200482342 i ncl ude
pol yet hyl ene, pol ypropyl ene, acrylicy;polyester-polypropyl ene or

pol ypr opyl ene- pol yet hyl ene bi -conponent fibers, or others can be used as

| ong as they. _have ftean Int l.ess. th o QUESt I,ng poi nt of
the majori ti/é'sf i%ePi?ﬁg‘b iﬁ%pﬁr%qée abﬁﬁ)%ari' Ieg:gpkggouﬁ'agce?(g%r 1{r:an t he

| owest  sof teheirngl pood hdalof 1 ittye amed] providés bar smodet t sunfdgmpe dfhe treat ed
pol yet hyl ene..fi bers, when properly e o dascribe elLow, are

opti mal , an&‘h&gé‘gl%‘s’“ a&ﬂV‘Eﬁ’%ﬁ%ﬂ‘ bghéﬁt d%'flfpﬁ:ot §raﬂ??i %éﬁt‘by a;"?‘ferferi ng
with the 25gggdrophided ¢ Bethir endfhthe Fesuhitiagedi bemrilghberdenpgsi te when

used in nodest volunes. Preferred mnpority fibers include FYB%%L(r)
syntheti & fiPgdy¥ethylRNer SHORIM STUFEReSe FHRRYS ESTes SABMSFCESSYF all of

which are p ( b FYi : .§ a po |l efin FgM,hetic pulp
t hat WO 200%#é3$§%ygpc7?ﬂ§%bo 4?§ﬁgﬁi%e£§7 13t?§ a higﬁ?@ﬁg?brlllated _

fiber. FYBRIEeORyYheaniexcel IPreferredr aarytdrdatiantey fheers o¢htledea smot h
zunCace, Lo, SHBsjhARetil BT ARGPrs, ST, SR g ages RS ond |
fibers are aosnmamaidal |desigwaitliabl @ES+D5y MASiaRibdt¢ased nCorpdrdtisdyr gh,
10 Tokyo, Japan, under the tradename CASHMILON™; and/or
Mitsubishi Rayon America, New York, New York, as a 3
millimeter length fibrillatable staple fiber.
Preferably, one or more types of minority fibers are
present +in a total amount of about 1% to about 20% by
15 weight based on a total weight of the composite, more
preferably about 4% to about 18%, and most preferably
about 5% to about 15%. It is preferable that the binder
material have a softening point that is significantly
lower than a softening point of the majority fibers so
20 that the composite can be heated to activate the binder
fibers, while the composite does not melt and coalesce
thereby losing porosity.
Methods of Making the Fiber-Fiber Composite
The fiber-fiber composite of the present invention
25 is preferably made using wet laid processes for speed and
economies of scale.
In a preferred wet Taid process, a fiber tow is
chopped to a specific Tength, usually in the range of
about 1 millimeter to about 8 millimeters and in



Pennsyl vania. Preferred acrylic staple fibers can be obtained fromSterling
Fi bers, Inc., Pace, Florida, under the trade designation RES-25; Asahi
Kasei Corporation, 1o Tokyo, Japan, under the tradenane CASHM LONTM and/ or

Mt subi shi yRgy¥yqgefa®rica, New York, New York, as a 3 ml]|inet | engt h
fibrillatable staple fiber. Preferably, one or nore typé’glrhgg%%g?‘r’ty fibers

are present in a total anmount of abogyi 1% to about 20% by 15 wei ght based
on a total weight of the conposite, nore preferably about 4%to about 18%

and most pr efgnablyar ARPUC Yok AP UInkP0s i1 rREERET BBl Sodiialy the bi nder
material have a softening point~that 1s significantly |ower than a
sof t eni ng patinil iveters. majldwe tghdppedr Sider20 ahat fiibeiddapedi 8 @an be

heated to ac}i e e Dbi r i | ] he c ' do ot nmelt and
coal esce tﬁéeerv\e{g% l?%‘él-nrfg %gggi‘tgwﬁﬁqshg}jﬁfatw&% %SB?EEE% be(rﬁ’-slfpber

Conposi te The Thirberséaber jcomachi bes oo Iy eefetrredveot aom ‘464 s

pref erably niade, usi ng?wet ) aid processes,,for econom es, of scal e.

d d,
In a preferr'®d wef |3FHPToHsE JoF1BBF towTﬁEeTe—?:h%Bpéﬁ PEPIeGRi i ¢

I engt h, usuald yrdpattilieveangeecoies AbRTT1d FukitheRt @hobpiagounds tHd | i meters
and in WO 2005/ 047597 PCT/ US2004/ 027247 14 particul ar iTrS]_lthg, range of about
3 millineter@petidbhueT 4Tiker | laaekh sis TRANIROBRRd  ASerSerbiBemsri|lated in

a device h%\ﬁidﬁgg@fh@lﬁé‘% et Sdd &, Sivhe! ff*i_bte(?sas@'l‘%rﬁdear’ Prr¥ui@ dfarge scale,
in machines cormdnly referred to as a "hi
weaknesses between amorphous and crystalline regions and
10 the Canadian Standard Freeness (CSF), which is determined
by a method well known in the art, begins to decline.
Samples of the vresulting pulp <can be removed at
intervals, and the CSF used as an indirect measure of the
extent of fibrillation. While the CSF value 1is slightly
15 responsive to fiber Tength, it is strongly responsive to
the degree of fiber fibrillation. Thus, the CSF, which
is a measure of how easily water may be removed from the
pulp, 1is a suitable means of monitoring the degree of
fiber fibrillation whenever the fibers have a good
20 tendency to form a wet-laid sheet. However, this 1is not
necessarily the case when handling very stiff fibers such
as those made from Tiquid crystal polymers such as
VECTRAN®. If the surface area is very high, then very
lTittle water will be drained from the pulp in a given
25 amount of time and the CSF value will become
progressively Tower as the fibers fibrillate more
extensively. Preferably, fibrillation occurs at
temperatures greater than about 30°C to accelerate the
process., However, when fibrillating fibers such as



s low', a "beater" or a "refiner". The fiber is subjected to repetitive
stresses, while further chopping and the reduction of fiber length is
mnimzed. As the fibers wundergo these stresses, the fibers split as a

result of weakemas®s bet ween anor phous and crystalline l;(elgh#g?s%ogzﬂ io the

Canadi an Standard Freeness (CSF), which is determ ned by hel |

known in the art, begins to decline. fEanples of the resulting pulp can be
renoved at intervals, and the CSF used as an indirect neasure of the

extent of fiRepf 1AL oMol | &cduiper&Biiresdl uaid S Bbi ghkeN | gor eapendi ve to
fiber length, it is strongly responsive to_the degree of fiber
fibrillationsofferming HeecSKGryiccH 1bessa nmsagymesofMAbwPRaddded wiPer my be
renoved fro I ' | qrﬁﬂlﬁ) f |{0ring the degree of
fiber fibri W%f&oenpﬁgﬁééi?e?ﬁ@% ?ﬁg?; ave ng %003 E'1258 tendency to forma
wet - | ai d sheet. Hiwevdbritliateds fioers mdtessgivey €HE wadswewnan handling

very stiff fibers -such t hose f ode.i ui g-.crystal . s such as
VECTRAN( ). P1F 6 gt Folr R Ba TN R A et i BmpBB R & Wi T
be drained fdemtdredownp a varigityeof 2¢i fefiarent: afevions ,arichctiindi@gFaval ue wil |
become progressively | ower as theI fibers fi[ﬁ;i | 1 atgi nor._e xteasi vely.

Preferably, fE¥AYSMTE0 GHGSScts BR 1Tt dfpht Qs &r S5MarerRdn PAlBut 30" C to

accel erate tge BERSEESSed H@M\gyetanwﬁénsbbbéaﬁéatwgukbaertsa shigle ag VO
2005/ 047597 PCT/ US2004/ Q2724 15 acrylic, lower tenperatures c%n be used to

avoi d sof t eWekglaite adiperctibeer s compeshes may bésitrtad o or
10 application in the present invention, a pulp with a CSF

of below 100 1is used, preferably, the CSF should be less

than or equal to about 45, and more preferably Tess than

or equal to about 0. A Canadian Standard Freeness below

0 is achieved when the fibers are Tibrillated beyond the

15 time needed to achieve a Canadian Standard Freeness of 0.

The fibers can be directly sent to pulp preparation

systems to create a furnish suitable for making the
fiber-fiber composite.

To impart anti-microbial properties to the fiber-

20 fiber composite, the fibrillated fibers can be treated

with a microbiological interception enhancing agent. The

fibers, or the fiber-fiber composite +itself, can be

chemically treated with any compatible microbiological

interception enhancing agent known 1in the art, with or

25 without a biologically active metal. Examples of

suitable anti-microbial agents include, without

limitation, any bactericidal agent, bacterjostatic agent,

fungicidal agent, fungistatic agent, or the 1like, that

are preferably efficacious against a broad spectrum of



further accelerate the fibrillation process. The fibrillated fibers of a
given CSF value can be 5 directly used for producing the fiber-fiber
conposite or dewatered on a variety of different devices, including a

dewat er i NOwRy Rds049%07bel t, to produce a dewatered pul p. JIhecfdenatgred pul p
can be subsequently used to make a wet-laid fiber-fiber conposite.

Cenerally, for 1o application in the ygesent invention, a pulp wwth a CSF
of below 100 is used, preferably, the CSF should be less than or equal to

about 45, apgl.mEH& preferablyhdg$gct hanexahpgdyal t graboutsy§+ahy£anadi an
St andard Freeness below 0 is achieved when the fibers are fibrill ated

beyond the R&Ctgnigidaddbacterinatiodie a TAQAES an Srahwle,d FrdERedE of 0. The
fibers can @ﬁ“ }ﬁﬁ%%ly Se?k%HﬂY?Ygﬁ prep%ﬁ%&ﬁRﬂC¥ﬁM?tens1§go§¥ﬁ@te a furnish
| | oinp -

suitabl e for nmaking the er - et conposite. art ’anti-ni crobi al
properties TRIGUOSAN™per - DOWGLIDEEY, conpuateenartihe fidwrined at edaflkbers can be

treated _wth a,mcraobiolagi.cal interception_ephapcing t he fibers,
or the f?bepgwanﬁnogsﬁposfgﬂdFPEE??TCcanSHEQaEﬁ%ﬂgﬁalIy%%ﬁﬁgFS "Rith any
conpati bl e gicfadraottogd tsinfddthatsepthiguagrilidnesng agdnttHenownken the art,
with or 25 without a biologically acti met al . Exappl of, suitable

Anti - or obbBRCdén SAREThie. 0Ty « RGLESD 14 m (LA ol S BRI ERELF dal agent
bact eri ost ajg&ntxgeAnclud &N Wlutadeithi tAtien st a4 thia@rbamBiet he |i ke,
that are preferably efficaci ous against a broad spectrum of W 2005/ 047597
PCT/ US2004/ pytipyamigdegs, dicarboximides, organophosphates,

10 benzimidazoles, carboxanilides, phenylamides, phosphites,
and the 1ike. A preferred microbiological interception
enhancing agent s disclosed 1in co-pending U.S.
Application Serial No. 10/286,695.

The fiber mixture can be directly sent to pulp

15 preparation systems to create a furnish suitable for
paper making.

Exemplary of a wet Tlaid process includes mixing a
pulp of fibrillated Tlyocell fibers having a Canadian
Standard Freeness of about 0, with 12% by weight EST-8

20 binder fibers, and about 15% by weight MICROSTRAND® 110X-
475 microglass fibers to form a slurry 1in deionized
water. A furnish is formed with about 0.5% to about 2%
consistency. It is preferable to add the micrébio]ogicaT
interception enhancing agent to the slurry, 1if anti-

25 microbial properties are desired 1in the fiber-fiber
composite as described above, Next, this pulp is
partially dewatered under vacuum and rinsed with
deionized water to form a wet Tap. Thereafter, the fiber
slurry can be directly used 1in the production of the



m crobes. Specific exanples of suitable bactericidal/bacteriostatic agents
I nclude, without I|imtation, POLYMYCI NTM BACI TRACINTM |ysozyne,
TRI CLOSANTM DOWCI DETM quaternary am ne salts, 5 pol yphenols, acid-anionic

surfact ant swoaoghetser i ¢ surfactant disinfectants, bigu t he
like. Specific exanples of suitable fungicidal /fung| st gfﬁ’[?:“ﬁgog‘g r]7OI| ncl ude,

without Iimtation, dithiocarbanates, 17phthalim des, dicarboxi m des,
organophosphat es, i o benzi m dazol es, carboxanilides, phenyl am des,

phosphi t es, Bl kompBshie! er " o %Crpﬁkégg'r%ga' b s GePEON

enhanci ng agent i s di sclos I n co-pendi ng i cati on Serial No.
10/ 286, 695. STherryi BHrregtlyuriat@ana beaper emalkwgsemacthanpul ergs Hieeparation

systens to c f [ it p ary, of a wet
| ai d pr ocessécl%?i’fzo u %stgrﬁ]xggasfg %tt% p o'T(’)hf brg?ﬁ%‘?gé Iyocgﬁﬁmbbeér/s havi ng a
Canadi an Starekaeds Fveefiss -dTi belpoubmBo s et ot 28skey aseagfil aESTh@ 120 bi nder

fibers, and abaut 15% by wei ght M CROSTRAND(r) 110X- 475 m croglass fibers
to forma sl 1>‘/'mi'n dei oni zed water. A furnish is fornmed with about 0.5%to

about 2% consi stra@cyﬁﬂér—iﬁb@ﬁ-ef@dsmdﬁsﬁtbo @&l tahesan Geobiehotftal
I nt ercepti on, enhanci ng agent (?(the slurry, if anti z5 mcrobial properties
are desired {4 He PPt blrkidgnRNEESadYdeRBEFHBE B el 1R&XT, this

P4 Doy o e VLI R BTl AN ool vl ey,
production of (Réendar to achieve maX'lmumS densi tC)?nm tlhzaec igat oo thENe
10 product. Heated calendaring of the composite promotes
fiber-fiber bonds resulting in a densif-ied composite with
minimal tendency to shed fibers.
Exemplary Applications Of The Fiber-Fiber Composite
Many types of filtration devices and/or systems
15  dincorporating the fiber-fiber composite can be imagined.
Described below are certain specific embodiments.
However, these devices are exemplary and should not be
construed as restricting the scope of the invention.
The fiber-fiber composite of the present invention
20 can be used alone as flat sheet media in radial, axial or
cross flow applications, and can also be used 1in a
pleated or spiral wound configuration. The tight pore
structure - of the fiber-fiber composite provides a short
diffusion path and, therefore, rapid diffusion kinetics
25 of microbiological contaminants in a flowing fluid to the
surface of the composite, yet retain exceptional flow
with low pressure differential. The tight pore structure
also provides supplemental direct mechanical interception
of microbiological contaminants, greater than or equal to



WO 2005/ 047597 PCT/ US2004/ 027247 17 fiber-fiber conposite. It is preferable
to send the slurry directly into a paper maki ng machi ne where the

econonm es of scale are easily achieved in making an inexpensive fiber-fiber
conposite #0056 a flat sheet 5 medium The fiber ite can
al so be den5|#?€d7é§urlng t he paper-nmaki ng process by pﬁgﬂﬁéuﬁﬁﬁgﬁﬁiber-

fi ber conposite through a wet press orngthrough the use of a calendar to
achi eve maxi numdensity in the final io product. Heated cal endaring of the

conposi te praymiesg, ési@eﬁn{eéﬂa@pmﬂdéfr Eé‘r”tti EM8si RadiA§nah T hedrgquposite

with nmininmal tendency to shed fibers. plications O The

Fi ber - Fi ber F@dﬁﬂ@%ﬁt s1angft §p§§ 5fm?¢'TQf‘r5atW|am‘l délw clBeamnePR SiZ& ens 15

i ncorporating thgef 'fL?BE fEbsd cegpﬂﬁott% cailg hQﬁd abddgschiped bel ow
are certain specific e whodi hen wever, ese eV|ces are exenplary and

shoul d not e crooss@suetttasmiesd rugiriggn héutcm‘eed)fCaneﬂaﬂwnﬂQm The
fiber-fiher CgﬁﬁFiaf 9551$é3én¥?aﬁnb 8v§|g$%ggbﬂ?%;??8§§'Ufg aione as flat

sheet nedia’i can al so be
used in a plesat ¥drkr spiBaaltewbaihd andnfvgpnadt i Onteridepttiiopht cpor ebe struct ure
of the fiber:- flger COTpoSi e.&éo |des a short diffusion

nesH W

t h_and,
t her ef or e, ﬁﬂf € £ t FES2 PN WﬁqhwﬂﬁyoFB&P85FBi%n?@HYhants in a
flow ng fl uird ctrebt 8% agéﬁfaceF@rftHé?ﬁoﬁéanﬁ'et i byel fipeRi Rospeeptd onal flow

with Tow pressure differenti al sy The st bgnt, Por e, SLTNCLULe i Ticity
10 agents known 1in the prior art to provide the desired
wetting characteristics.

When combined with other filter media, the fiber-
fiber composite can be used as a prefiltration wrap
around an activated carbon block filter medium. The

15 condensed pore structure provides greater than or equal
to about 99.95% -interception of particles having an
average particle size of 3 to 5 microns such that a
carbon block that can only provide reduction in chorine,
taste and odor can now provide mechanical interception of

20 protozoan cysts such as Cryptosporidium and Giardia when
used in conjunction with the fiber-fiber composite of the
present invention.

The fiber—fiber‘composite can also be used as one or
both substrates in a flat sheet medium such as PLEKX®

25 available from KX Industries, L.P., Orange, Connecticut,
and disclosed 1in United States Patent No. 5,792,513,
which is hereby incorporated by reference. In the PLEKX®
"process”, a mixture of active agents and particulate
binder is Tlaid on a substrate such as the fiber-fiber



al so provides supplenmental direct nechanical interception of
m cr obi ol ogi cal contam nants, greater than or equal to WO 2005/ 047597
PCT/ US2004/ 027247 18 about 99.95% i nterception of particles having an

aver age p@'btzio&é/o%ékze of 3 to 5 mcrons when the nean PO 2%4?0‘3724Pf t he
fiber-fiber conposite is | ess than about 0.75 mcrons as determned using

an Automated Capillary Flow 5 Poronetgg avail able from Porous Materials,
Inc., Ithaca, New York. Bacterial and vi ral interception can be further

enhanced wi EB?;&%W f%et b et OTRGE LY 6n 2Nt i’E"hom gr abial

eﬁgﬁ%- o
Furt her nore, er conposite can be freated w th hydrophobicity
or hydrophi Vapét ypeoneafels stdmosmbstratiee Ipei desarable, ptbei d§beife desired

wetting cha ristiGs. i.ngd _wi (o] r il ica he fi ber -
fiber conpoic;’ii?%'ec%%ﬁdoo(e\s%t}s?\e/\g% s%gngtsgﬁi Ia%mr ;t{HFoEILJE’ éﬁbstéféﬁggglafn’té‘%u vat ed
carbon bl ocRLEKX® emarteatiiain dhe vibl lcondeMbed pomleirsed ucfiber-friberdes greater

than or equal to. about 95% i nterception of particles-havin n average
particle’si 78MFS & OH%Elﬁfwchﬁ%d%%hc% a#’ea U ndn 15 oﬁ@ hélhggin only

provi de redyedign, ipleglteti oe,spiradt @oand. odor can now provi de mechani cal
i nterception of 20 prot ozloan cysts.such as Cryptosporidiumand G ardi a when
used in conj uncth RRRE Y lgke Birsdi 1Tendray okfoddded oMpsikEeap, SEOM

i nvention. {he Htlk@r-ﬁiirt]a*éw cERPREPtd eccﬁa&oaﬂgﬁg K;b(c%reﬁl%%ﬁ%eon%fer ofboth

substrates in a flat sheet nedi um such ‘as % 25 avail able from KX
| ndustri es, the Pfiltrakigan seswescti cbuch particulate prefilter are

10 known to one of skill in the art.

A1l configurations of the fiber-fiber composite with
other types of filter media can be used in gravity or
pressurize water filtration systems.

While the present invention has been particularly

15 described, +in conjunction with a specific preferred
embodiment, it 1is evident that many alternatives,
modifications and variations will be apparent to those
skiTled in the art in light of the foregoing description.
It is therefore contemplated that the appended claims

20 will embrace any such alternatives, modifications and
variations as falling within the true scope and spirit of
the present invention.



and disclosed in United States Patent No. 5,792,513, which is hereby
incorporated by reference. In the PLEKX(r) "process", a mxture of active
agents and particulate binder is laid on a substrate such as the
fibern-fiber WO 2005/ 047597 PCTI US2004/4327247 19 conposite of the present

i nvention. Should a water and vapor perneable top substrate be desirable,
the fiber- fiber conposite can be used as the top substrate of the PLEKX(r)
material as well. The conbined fiber-fiber s conposite PLEKX(r) product can
be used as a flat sheet nedium plﬁihﬁﬂggr spiral wound. A particul ate
prefilter may be added upstreamfro fiber-fiber conposite to prolong
the servi ghat isfemigéd ist he filtration system Such particulate prefilter are
io knowmn to one of skill in the art. Al configurations of the fiber-fiber
conposite with other types of filter nmedia can be used in gravity or

pressuriZ@_matg&oﬁkbﬁ&qugﬂw§¥é&ﬁgﬁmnlt;%ﬁoyhe present invention has been

particularly 1 Scri I'n conjun with a specific preferred
enbodi ment, i tmaprigviiltkes)t t hat many alternatives, nodifications and

roriat fons LB CRRSL L, SRy, BSbbhhiT ST bRl
clai ms 20phyel d scﬁﬁhfn%%inﬁ%w&uﬁﬁn 34ill GhAieity \ibers SHRH ithdt GiHeh QRS adifittury 8F 1 @t 1 ONS
as falling within the true scope and Spirit of the present invention. 20
majority fibers and minority fibers are wet laid to form a paper-like structure and
subjected to a pressure and a temperature above the softening point of said minority
fibers, said majority fibers and minority fibers form said composite having a mean pore
diameter equal to or less than about 1 pm with a porosity of greater than about 35%, and
a wet strength of greater than about 0.013 kg/mm; and
a microbiological interception enhancing agent that comprises a cationic metal
complex comprising a cationic material adsorbed on at least a portion of said medium,
said cationic material having an associated counter ion therewith capable of imparting a
positive charge on at least a portion of said medium, and wherein a biologically active
metal is caused to precipitate with at least a portion of the counter ion associated with the

cationic material.

2. A composite of claim 1 wherein said majority fibers or said minority fibers

comprise of nanofibers.

3. A composite of claim 2 wherein the nanofibers comprise of glass, polymer,

lyocell, cellulose, metal, ceramic, mineral, or combinations thereof.

4, A composite of claim 1 wherein said majority fibers comprise glass, polymer,

lyocell, cellulose, metal, ceramic, mineral, or combinations thereof.

5. A composite of claim 1 wherein said minority fibers comprise a thermoset or

thermoplastic polymer.



CLAIM5 What is clainmed is: 1. A conposite flat sheet medi um conprising of.
majority fibers; mnority fibers adm xed with said nmgjority fibers wherein
said mnority fibers have a softening point |ower than said majority fibers
such.that when the adm xture of majopjty fibers and mnority fibers are wet
laid to forma paper-like structure and subjected to a pressure and a

t enperature above the softening point of said mnority fibers, said
majority fibers and mnority fibers formsaid conposite having a nmean pore

di aneter gqual,to or |es han, aQout 1 mwith a_porosity.of gr r than
Sbout 3508 ‘and® ARBHISEE slaifn! Srbetiin del Miiedn e, cEbiss P ERAnd a
m cr obi ol pEaRH alcdh&ll SERIVIR) oL LIRS BRRPY. t hat conprises a cationic netal
conpl ex conprising a cationic material adsorbed on at |east a portion of

said medium said cationic material having an associ ated counter ion

t herewi t hy capapl ] <3N Lt : : at . i on of
sai d nedi im - angompa T il RereBOe SbAEATBSAC P b BT o O
preci pi t aesst @b Whloster thaaatsofieriog paintrof adid mkagorapdilbemr | on associated with the

cationic material. 2. A conposite of claim1l wherein said najority fibers or

said mnority fibers conprise of nanofibers. 3. A conposite of claim?2

wherein tfie nanebipsdis oF QIR 1S8h@éin @l A& poROUMARIer of bAI@E@hposit & dquhose,
netal, ceramic, mneral, or conbinations thereof. 4. A conposite of claim1l

wher ei n staiod lesafhen abgut 0i33am. conpri se gl ass, polyner, |yocell, cellul ose,
metal, ceramc, mneral, or conbinations thereof. 5. A conposite of claiml
wherein said mnority fibers conprise a thernoset or thernoplastic polyner.
21 6. A %onpasicbmpoditecdfailaiinll whetesi £ bslstl€l painnof $diy chimpesite ic edual tser a

pol yol efin, polyvinyl alcohol, an acrylic, or conbinations thereof. 7. A
conposi t eleesthdn ol § Mther ei n the softening point of said minority fibers is
at

10. A filtration system comprising of:

an activated carbon filter medium, in combination with a high wet strength
nanofiber composite having a mean pore diameter of less than about 1 pum, and a
microbiological interception enhancing agent that comprises a cationic metal complex
comprising a cationic material adsorbed on at least a portion of said filtration system, said
cationic material having an associated counter ion therewith capable of imparting a
positive charge on at least a portion of said filtration system, and wherein a biologically
active metal is caused to precipitate with at least a portion of the counter ion associated
with the cationic material, wherein the nanofiber composite comprises of majority fibers;
and minority fibers admixed with the majority fibers wherein the minority fibers have a
softening point lower than the majority fibers such that when the admixture of majority
fibers and minority fibers are subjected to pressure and a temperature above the softening
point of the minority fibers, the majority fibers are coalesced into said high wet strength

composite.

11. A filtration system of claim 10 wherein said activated carbon filter medium
comprises a carbon block having a mean pore diameter of greater than about 1 pm and

wherein said filtration system can remove protozoan cysts.



| east 25C | ower than a softening point of said majority fibers. 8. A
conposite of claim1l wherein a nean pore dianeter of said conposite is equal
to or less than about 0.75 m 9. A conposite of claim 1l wherein a bubble
point of said conposite is equal to ok, Iess than about 8 m 10. A
filtration systemconprising of: an activated carbon filter medium in
conbination with a high wet strength nanofi ber conposite having a nean pore
di aneter of |ess than about | Jim and a mcrobiological interception

enhanci ng,.agen hat conprises a cationic nmetal complex ¢ rising a
cationic ’_rf‘ﬁt er‘il\ afFIlltr WorPBEd" ¢ olpim Zéls‘?heéelﬁoﬁaldi B ?rgas‘faﬁﬂ&o"f ?‘H?Yr B’_Fih&i system
sai d catiégpriRedTat Bht Sheeh Atich dnédlumSRASHA BFhoBRIZEd GherkiN adthRfedWedrborcapabl e
of inparting a positive charge on at |east a portion of said filtration

system abfiticieferadone ar B glostination ywith othey eackiie Agents, befser e Yr BEIDi t at e
with at | I 3 t Wely) I 1.t.h jonic
mat eri al ,&{%ﬂéart%f QPE%}%&Q%%% tggt;b%gsg%p%gl{tg] %non%?e?ﬂseg[sgg}) OergaSj \glrﬂi pl 3 t?lfétger s; and
m nority Wwithiarsidadiivateicarbanifiltehenedmpnrity fibers wherein the mnority fibers
have a softening point |ower than the majority fibers such that when the
adm xture of majority fibers and mnority fibers are subjected to pressure

and a tenper at NrgeARAV & stdie of el N2"Gle RLIRImAE hiBGralsnBE indaleFtdieRF the
majority fibers are codlesced into said high wet strength conposite. 11. A

filtrati omnefiberenmedsitel ai m 10 wherein said activated carbon filter medium
conprises a carbon bl ock having a nean pore dianeter of greater than about |
m and wherein said filtration system can renove protozoan cysts. 22 12. A
filtratiom, sysAeditradorcysiem 0 cligrigi whetéin bariCidtivatee Gaban Hilrer imddiugi iedi um
conprises a flat sheet filter nmedjum havi.ng i nmobilized therein activated
carbon pfrmedingsa spirahweurst o pleateshilat shget GHORG4MENSt her active agents, between
one or nore substrates, or is admxed with fibers to result in entangl enent
or bonds with the fibers wthin said activated carbon filter nedium 13. A
filtratiobb.syshdfiitrafiorc kphtem 16T ¢lhien dOewloreinthe nsapdsty r Bltee sofasaed mabdibér om t he

composite comprise glass, polymer, lyocell, cellulose, metal, ceramic, mineral, or

combinations thereof.

16. A filtration system of claim 10 wherein the majority fibers of said nanofiber

composite comprise lyocell.
17. A filtration system of claim 10 further including a particulate prefilter.

18. A filtration system of claim 10 wherein said nanofiber composite is a prefilter

placed upstream of said activated carbon filter medium.

[9. A filtration system of claim 10 wherein either or both of said activated carbon
filter medium and said nanofiber composite includes said microbiological interception
enhancing agent wherein said cationic material is adsorbed on at least a portion of either
or both of said activated carbon filter medium and said nanofiber composite, and said
associated counter ion therewith is, capable of imparting a positive charge on at least a
portion of either or both of said activated carbon filter medium and said nanofiber

composite.



nanof i ber conposite. 14. A filtration systemof claim 12 wherein said
activated carbon filter nediumis forned into a spiral wound or pleated
flat sheet filter elenent. 15. A filtration systemof claim 10 wherein the
mejority fiber of said nanofiber conpgsite conprise glass, polynmer,

| yocel |, cellulose, netal, ceramc, mneral, or conbinations thereof. 16. A
filtration systemof claim10 wherein the majority fibers of said nanofi ber
conposite conprise lyocell. 17. Afiltration systemof claim10 further

including a particulate prefilter. 18. Afiltration systemof claim10
wherein said nanofi ber conposite is a prefilter placed upstream of said

acti vat edycar o ftatioh gystémewlmm 18 whéveld slalcrxleatnbﬁnerscﬁﬁﬁpsmeqfasﬁln@éamﬂm wher ei n
n

either or both of said activated carbo filter medi um and sai d nanofi ber
conposi t epdtinefl lessdbansabodt hindgromiand e frleble peint equekiptor dass thanabewsi8pg. agent
wherein said cationic material is adsorbed on at |east a portion of either
or both of said activated carbon filter medium and sai d nanofi ber conposite,

and sai d 21assogin@tied fQenbeihg indtrobidipeom tdntarfinagia Pl & codiammadtliqogl a
positive charge on at least a portion of either or both of said activated
car bon fi9orisipgdRe s sai d nanofi ber conposite. 23 20. A filtration

system of cl ai (- i i ‘,ﬂ@g{' FRERRS : _k pat h of
| ess than abodjtp) %Qlﬁpg%%?&gﬁﬁﬁhﬂu %QSJ&Ont egﬁ%fn%tcgﬁ%;lﬁ'n sésm,'f3 éﬁéyabout 8m
21. A netdvogposite havimg/a mgamperealiindtegiqeal toeohtsatanabost ¥ poprthe cwoposite nat ed

liquid c rjsing the steps.of: oviding a filter medi.um hgving a

i or opor oobhet FaBCe T iR LR & Fripth Fodenhd EhplE HeR A frean pore
di anet er @mdaty ﬁ&r@ha\]eeé%ﬂehﬁl% pORAUSwr thR th_teh@ajsmgmb%_ ks guch kit WRen filkcom a wet

| aid adm xture of majority fibers and mnority fibers, wherein the mnority

fi bers haadmigtusopf ardiordy pabast andvminorityafiberh argnapliested; t@ i pressusti@nd tthat when
pressur o SgenRy sbBer SabhBELSENT B AbldK MEEHRe o RYER B © °
fibers, tihmotin) fiverd forhialpaper-liedtructure with a porosity of greater than about 40%;
contacting the contaminated liquid with the composite which includes a

microbiological interception enhancing agent comprising a cationic metal complex

comprising a cationic matertal adsorbed on at least a portion of the microporous structure,

having an associated counter ion therewith capable of imparting a positive charge on at

least a portion of said microporous structure, and wherein a biologically active metal is

caused to precipitate with at. least a portion of the counter ion associated with the cationic

material; and

removing 99.95% of contaminants having an average particle size greater than

about 3 to about 5 micrometers.

22. A method of claim 21 wherein in the step of providing a filter medium, the filter

medium further includes an activated carbon filter medium.

23. A method of claim 21 wherein in the step of providing a filter medium, the filter

medium further includes an activated carbon block.

24. A method of claim 23 wherein in the step of providing a filter medium, the fiber-

fiber composite is wrapped around the activated carbon block.



mnority fibers forma paper-like structure with a porosity of greater than
about 40% contacting the contamnated liquid with the conposite which
includes a mcrobiological interception enhancing agent conprising a
cationic nmetal conplex conprising a Egtionic mat eri al adsorbed on at | east
a portion of the mcroporous structuré&, having an associ ated counter ion
therewith capable of inparting a positive charge on at |east a portion of
said m croporous structure, and wherein a biologically active netal is
caused to precipitate with at. least a portion of the counter ion associated
with the cationic material; and renoving 99.95% of contam nants having an
average pgy tich %eﬁio%leof%laf?ﬂtz@»rwﬁé?éiﬁ in ﬂi%%kl:]fp &‘p&@«laﬁgutﬁ@r meeruweeﬁb%r- 22. A
nmet hod of claim 21 wherein in the ste provid a |'ter medium the
filter nﬁwgwpwmmlmhwbmdameaed wuhm@oboe%@ﬂjbﬁacftwmeétcan’mdblmk 23. A

met hod of claim 21 wherein in the step of providing a filter nmedium the
filter mediumfurther includes an activated carbon bl ock. 24. A nethod of

cl ai m 23 yher eA methivdt dTeclfimelt Wherpindx itgh s1¢p &f prolitg sBlddrunadiimenhé ifier - i ber
conposite is mmap%ed around the activated carbon bl ock. 24 25, A et hod of
clai m 23 Hpdiv®; further dngludes o flat shaebymediyiy comprising rackivated arhoRePattitles - fi ber
conposi t g nd inserted within a core of the activated carbon
bl ock. gln?ob?l%?ﬁa%g%?ﬁ%ti m 21 wherein in the step of providing a filter
medium the filter nediun1further |ncludes a flat sheet nedi um conprising

activated,carb arti on str hod of

o o moe ey Rl iR g SR it il o e oviRe o G oot T EBE - O per
conposi teﬁlbe?c@mﬁwﬁéw@&&sﬁitebhﬁlefﬂaﬁhesmwmnﬂedl um 28. A nmethod of claim21
wherein in the step of providing a filter nedium the filter mediumfurther

includes a particulate prefilter. 29. A method of claim21 wherein in the

step of pyovi dA&%tl?t{dhéfl d:tlaq}fﬁ ﬂe‘gh&% ﬁ etpgir prongn'%aat ﬁf?ém&hﬁrﬁ e fi er

prefilter. 30 clalm I n Sai Ionic erla
adsor bed madiain fuekatindudes a particulate prefilter.

29. A method of claim 21 wherein in the step of providing a filter medium, the fiber-

fiber composite is a prefilter.

30. A method of claim 21 wherein said cationic material is adsorbed on at least a

portion of either or both of said majority fibers and said minority fibers.

31. A method of claim 21 wherein in the step of providing a filter medium, the fiber-

fiber composite is one of pleated or spiral wound.

32, A filtration system comprising of:

an activated carbon filter medium, in combination with a high wet strength
nanofiber composite having a mean pore diameter of less than about 1 um, wherein the
nanofiber composite comprises of majority fibers; and minority fibers admixed with the
majority fibers, wherein the minority fibers have a softening point lower than the
majority fibers such that when the admixture of majority fibers and minority fibers are
subjected to pressure and a temperature above the softening point of the minority fibers,

the majority fibers are coalesced into said high wet strength fiber-fiber composite, the



portion of either or both of said majority fibers and said mnority fibers.
31. A nethod of claim?2l1 wherein in the step of providing a filter medium
the fiber- fiber conposite is one of pleated or spiral wound. 32. A
filtration systemconprising of: an acki vated carbon filter medium in
conbination with a high wet strength nanofiber conposite having a nean pore
di aneter of less than about 1 m wherein the nanofiber conposite conprises
of majority fibers; and mnority fibers adm xed with the nmjority fibers,
wherein t jnority fibers have .a soffening.pqint lower than.the majority
fibers sugﬁer%’ﬁf coensTen Hﬁ‘ﬁ’?‘iit“ﬂ adFICFPéj“ggglEﬂj lflf%wg%?an?ﬁcmgr R £ bers
are subj gghsled  cRIGESHER] &bk ERARRIRL HERioRR W Rerid) @dSROIIEH A TeaRC) Nt Of
the mnority fibers, the majority fibers are coal esced into said high wet
strengt h porben of thoericopaeus stresture having anfasfeiatdd dounter pgberewish,icapableat ed
wth am bi ol ogj cal...i ntercept i nh i.ng-agent. ri ionic
et al - conty BPRiEd PR SERET R AP afl BHRL O0 S88 MhisrobBITG BB 8 00 T o
of the m ehapai abiolsdicIBtditiee nieay i\Guedl tapsaipinteditl aulehea podtiont dfakew t h,
capable of inparting a positive charge on at |east a portion of said

mi cr opor ofRUNEY iqnassceatehfih therrgtienis materigl o) ogi cal Iy active netal is caused
to precipitate with at |east a portion of the counter ion associated with

the cationic material. 33. Afiltration systemconprising of: an activated
carbon fiBl.er Addiratinn systemeobiprisingofi with a high wet strength nanofi ber

conposite havin . n re di anmeter of |ess than out . erein the
nanof i ber conp ??tévg‘gegnﬁzﬁg% 1%]“?)‘%% i B‘g?@n%ﬂ?(ﬁl Hﬁ%ﬁo? ﬁ?g}' ?’Jleb\gp%ngﬁhyi ng
simlar angofiBer compdsite BAVGAEH @ictn PO di@eetéd bMleN BB um ] WRerBinnRE i tY
fi bers havi ng a softening point |ower than the majority fibers such that

when t he iRer pompgpitagoises majpripeliberedid minaoty fibers hayingsimie ayelagected to
pressure . ft.en. iWt:.Qf. the mnority fibers,
t he maj or ?‘E{/} %@gg@%@@éﬂggﬁg@\ég&&pﬁf gl% "i‘gﬁjé@%bgﬁ h\r/avgltngsat rength conposite

havi ng a softeaingrfoimllbyeruthad dienmgoriy Shcresiehdhdt vdreaaseddmipareehibiajarity due to

said simlLar av ra%e. f}_ger di aneters of said, mgj oritx and mnority fibers;
and fibers and minority fibers are subjected to pressure and a t¢mperattre

above the softening point of the minority fibers, the majority fibers are coalesced into
said high wet strength composite having a substantially uniform pore size and increased
permeability due to said similar average fiber diameters of said majority and minority
fibers; and

wherein either or both of said activated carbon filter medium and said nanofiber
composite includes a microbiological interception enhancing agent that comprises a
cationic metal complex comprising a cationic material adsorbed on at least a portion of
either or both of said activated carbon filter medium and said nanofiber composite, said
cationic material having an associated counter ion therewith capable of imparting a
positive charge on at least a portion of either or both of said activated carbon filter
medium and said nanofiber composite, and wherein a biologically active metal is caused
to precipitate with at least a portion of the counter ion associated with the cationic

material.

34. A filtration system of claim 33 wherein said majority fibers comprise fibrillated

majority fibers.



wherein either or both of said activated carbon filter medium and said
nanofi ber conposite includes a m crobiological interception enhancing agent
that conprises a cationic nmetal conplex conprising a cationic nmaterial
adsotbed on at |least a portion of either or both of said activated carbon
filter medium and said nanofi ber conposite, said cationic material having
an associ ated counter ion therewith capable of inparting a positive charge
on at least a portion of either or both of said activated carbon filter
medi um angd_ sai anof i ber composite, .and wherein, a _biologically.actjive netal
is causedgs'to /gr AN SYPEM Pk g g? &QEF‘%S%CEH"FQSHY éﬁe'ﬁﬁé’g‘&’{fﬁ%ﬁé‘f‘ﬁﬁt

associ at eghiprityribdig cationic material. 34. Afiltration systemof claim33
wherein said nmajority fibers conprise fibrillated mjority fibers. 26 35.
Afiltration systemof claim33 wherein said mnority fibers conprise
fibrillat \NErity fi S, ' filtrati t Q i m 33 erein
bot h sai d§%aj glfki @ra§‘¥%é ééglgn%f ggf%%%‘iwr}]l i I)‘fg&'i g%?s'g‘ggr'{ rﬁé%sf% r?a;l,\c/rat ed

maj ority firdeity fieerscdrmjidel flbailledd Maiatty fivers abé fibrillaled minokity fibed$.i on syst em of
claim 33 wherein said activated carbon filter medium conprises a carbon

bl ock having a nmean pore dianmeter of greater than about 1 pmand wherein
said filtgatio . r 8 I i system
o clai m 5 wrr ianGis Gt AR BRMAEORT AR Shatedlcarforl SIEE Aol Yt
sheet fi | temprivesih wanbbablorl Hamimgha ineareport eaneiter cdgreatattbah alabdrpm pat ti cl es,
alone or in conbination with other active agents, between one or nore

subst r at e¥ 6N sa@ﬂfﬂggtbo%ytst}quqaﬁée;rgmfedar?tggqﬂnt Y% entangl enent or bonds with
the fibers wthin said activated carbon filter medium 39. A filtration
systemof claim 33 further including a particulate prefilter. 40. A
filtrati of8.sysheftrgfion sujtem3d ¢lpier égnwl@mi:ld saithettivatad easbyo diltere medium

prefilter  RLAEH WREShERHRL S8kHmPREViNS ifthobAIRS Wnlleld GEGVIRY ¥itbon
particles, alone or in combination with other active agents, between one or more
substrates, or admixed with fibers to result in entanglement or bonds with the fibers

within said activated carbon filter medium.
39. A filtration system of claim 33 further including a particulate prefilter.

40. A filtration system of claim 33 wherein said nanofiber composite is a prefilter

placed upstream of said activated carbon filter medium.



