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1 FIBER- FIBER COMPOSI TES Thi s appl i cati on cl ai

ms pri ori ty fromU S. Provi si onal Appl i cati on
woOl2005/08059518 , 266, f i | ed on 7 Novenber 200BCTAIS004/027247
s a conti nuati on-i n-part of US. Appl i cati on ~

Seri al No . 10/286 , 695 fli | ed on 1 Novenber 2002,
the enti rety of whi ch are both hereby i ncorporated

by reference . TheIBFRRFIBER COMBOSITE® | S d rected t
0 a conposit e conpri si ng of at | east two types of
f i bers , preferabl y nanofi bers , wherei n one type

of f -, :her hi ae ot h I bels Y n foi
ber-fT:m%er %gﬁgggﬁﬁénst rﬁ!:%-mée hj{/rlsl Jr@ﬁ? rregr@g]or eUdiS'
mretierionfall dgpltiltaniabouNol n60/Sh8n26§, of fihed on 7

| nventi on present. invention is directed to a
'\lfb’r?&li%el‘"t enggy et redt urh® ﬂﬁf"lagﬂ HQ"?JF':—D%]?Oﬁﬁ yU'S'
éﬂﬂ’lqrc%;ti%d 9& PPAT t Wl 1 bRy 2 gemosedridd bhe TaiNevekber
I'bers wherein the mnority fibers have a softening
Hht theneantinety o mdjich e ibsdhs harebyt Harcorerated
t he mxture of majority fibers and mnority fibers
Q%e{étérqﬁ§%d to forma paperlike structure and
subjected to a pressure and a tenperature above the
softening point of the mnority fibers, the major

ity .
1 berifieanaaF 8o | (§VENBAPE fior nit R Eepddi L8 RUPRG 14e
QG i e al s§ft OUty rbfaa b1
A S it
ranaehignersof gheeedr phan tapeuto®. Gibekrg/imdsr2ulre 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 1is 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 laid to form a paper-
1ike 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 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.
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Preferably, the majority fibers or the mnority fibers
conprise of nanofibers, wherein the nanofibers

woanpruze7 of gl ass, polymer, lyocell, cell ul oseCcTmst@k/027247

ceramic, mineral, o r conbinations thereof.
Preferably, the majority fijders conprise gl ass,
pol yner, |yocell, cellulose, netal, ceramc, mneral,

or ¢ nati-Qns eof s Pref er t m [ i
S g el e S A (Y
£§96 r £X 1i5plpei seheoffi noand i e ey s wiveyejonpthee @nofq%ers
pol yol ef i n, polyvinyl1alcohol an rylig; oF 1
cenpBi $fat Pnsd ket eofP? Iymé“reraw%eﬁtcfe ggﬁggnl ﬁa’pcr)r}er?ta ’
c8hahfe. ThiREFLY, T Idier o i Gmst tRar&of overpitdfamably,
0 enj ng point of the majority fibers. Z{he conposi t
ché :mﬂopﬂets/enﬁbmrént comnp ise hav@ss -meBA 1 ¥BRE di AiAstedr -
e conmposjte is . to qr .l th a i
151 o BOFH 1 nt D qualt 1S 8 1 ooy ¢ han et B
tABleofNe CPFRFsad 19, t hRepreettiiyvdribess nagmprise a

urther include a mcrobiol ogi.cal inter ti
tbahmoseng odyehiie rmaPAAsthEr rggg&etr,. tthSfelggﬁ{ﬂme, the

Lavent] one{ s, i r ¢l ed fid t pat | v
mag%? %%l 254 t?)?'dg aﬁ%%t i%/da?r{pgﬂd écéar Eonb?wtéggfﬁg}ji upO1 yviny
adeshohat i ommi t haaryl g, wet ost r er@mb iR ANSer M ereof.

conposj te hayvin nmean pare di t i
SRSk o B o B RN RE ot TS RinbPEey pilrs is
& WBLOEI tys T beTsweandchamord t woffitearingadpoied wth the
the najority fibers wherein the mnority fibers have a
nmegotrénynfiiperat [ ower than the najority fibers such

The composite of the present invention may have a
mean pore diameter of the composite is equal to or Tless
than about 0.75 pm; a bubble point that is equal to or
less than about 8 pm.

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

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 Tless
than about 1 pm, wherein the nanofiber composite
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
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that when the adm xture of mejority fibers and
mnority fibers are subjected to pressure and a
woenpenzvar e above3d the softeni ng poi nt of tRETMIS2004/027247
nority f i bers , the mpjority f i bers are coal esced
i nto the hi gh wet strengthB conposit e. Preferabl y ,
the activated carbon f i | ter nmediumconpri ses a

£RE bOBFPAN YhtNefa theamipera ti famelrer, ahegmagoerit
ﬁan a outﬂqld(m&gnd wherei n the f |9 | trati on sm??em Y

tfahelrsermaeeprmk%&\ceﬁ/sténtoAl ther ndiglvel wet, SFFé”e”gth
act i ted carbon f i | ter nmedi ummay conpri se a f
ICOQ'P‘J%ﬁ_eee't f i | ter medium havi ng i mobil ized

t her eprafacibMat edthér baﬁtpaatedcl cegbpnal drid ter i medium
conbi nati on w er, active agents bet ween e
88? of

§pmnﬁ1%e%u%sf3ﬁ5p@§' AckadiAVil v fean s PPrEeAd afie
a,,?g%i'#*nfhﬁgt%u ej_rem] 2Md heREise 1 ﬁhé‘ f1ecfatidrersystem

acti vated carbon f | ter medi um
Eaaf eeradmlfe yprotdeomanoy s toer /ésbh@mattv@y, sthena@riyated

trate of the f eet
ﬁ‘?'ﬂ n fL'QFﬁe "&% U8 o fMee c%\?rﬂ)@i %sg g ter% Egéegeqdﬂter
hedd @k medal/i Ao &lrﬁr@éb'r'ﬁizé/wundherei)h eatcetdvhtledat carbon
sheet f i | ter el enent . Thef [ trat

ytmﬂ@ﬁer glong @de &”pa?qm leﬂt%ﬂrb Bt & ﬁéF Altive
F\?gabt)dfwe acerglan&f mOFE §PH§9§htése BN a{%ﬁﬂ@(ed with

upstream of the activated carbon f
rﬁbées ﬁ@drmMEl 1nhentangbeme1n’ofor heords | whtledtherfidiers

s ST e P01 1. CGRRRl  SofBergity,
%ﬂ@aﬂﬁho?gbégeﬁbmpo%1%eYQE et Rete aspefdre $litestrates of
present I nventi oni s di rected t o a nethod of

rehien ¥l ahgsheet obii 16erogedéun. Also, the act1vated carbon
filter medium may be formed 1into 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
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 invention is
directed to a method of removing microbiological
contaminants from a contaminated Tliquid 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
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contam nants froma contam nated | i qui d conpri Ssi

ng the steps of : provi i ngaf i | ter nedi :
wenoosg4zsof | berf i ber conposit e havi i um conpri

di ameter equal t o or | ess than about 1 mm the
conposi t e f_orrred froma vyetl ai d adm xture of
majori t y f i bers and m nori t y f i bers , wherei

14@\e§‘dmh7éﬂu'f$le %46 W?f‘i‘ﬁ%?saﬁ\@f tehompcypofibers,

ers such that wh
i X EEH e n@ifnd‘iﬁi’@ylfybérs lhave andofitendpg POY ﬁJE 10%er

tmﬁ%\s}@aé ﬁ@afﬁf&sghlt@eo%?sﬁ%ﬁs ﬁe\ﬁﬁgn tﬁ@”ﬁﬁfn‘?k\i‘ﬁ?e of

b
m?ni(gﬁwyoutrfn?%gfy%gerq rbhrforht@ﬁfﬁﬂ@@dsmareorsuhjqcﬁedu to a

k t
ﬁé%gj(’jlﬁéit andt harteam:mnawg‘ﬁ? %&ﬁ&gg’ghgmnﬁofh%nygir gﬁ? WY of
tlgcg (rengg;\%rlaﬁ: P ‘Fﬁsha them%?)(grpp@yt f8he?’d 4OV nog ity

S ha ng ‘an average parti  cl
f%‘%e?? %‘f’ﬁtec{ bhperabdike Ftrur@bwutwhtim a-rg@rqam‘cy of

ber conposit e nmay b
gke&’eerrre’ch&ﬂnlalhmatf 0%t s@éé?aagrEfl lterv\;)élﬁu}l naﬁ’ded

AT Pt oW Rppgiroay . reptng o o

um the f i1 | t
cBchM?ﬁahtﬁcﬂla\uﬁlﬁg an actiage deR kG §14€ Fé@%eqdéﬂgmhan

um The activated carbon f i |lter medi umnay c
abﬁuﬁcﬁlvgti‘al&o‘é%rgo\ﬁmbl ock, and wherei n theyf ?gg:l flse

ber ‘T’Rgpf‘?be ~Eibep %ﬂﬁ@@ﬂt@f@&mdbé he pcefibted for the

car bon spi ral wound and i rted t|h|

fﬂdltemfmetc_helmac'tri\ vat §d adar gre i oeR] '"EF eWQ&:'P}g‘va dpf‘ezi"ted

q%gr on f i [ter mediummy conpri se a f | at sheet
QHw‘"esf‘rﬁ I si ng activated carbon parti cl es

i MOPirkfergBllypn dnsulber aseep Poéf epapvidingt hd fFilter

n:ek::l(arumf,l tbheer 19101 gﬁltme 1.ums ﬁjrsclllubSt rﬂ%cehﬂi‘es 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
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
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 microbiological interception enhancing

agent.

ng a nean/ysone/ 027247
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the f | at sheet nedium A parti cul ate prefi
efi | ter
may be added upstreamfromthe acti vat edpcar bon f i |

woeposratioam The f i | ter medi mand/or the fPChaIS2(01/027247
ber conposit e can be treated wi t h a mcrobi ol ogi
cal i ntercepti on enhancisng agent .Detail ed

Description o f the Preferred Enbodinerit (s) The f
i ber-fi ber conposi t e of the present i nvention i

ncl udes majori t y f i bers and m nor foi
anomumﬁledm)?bermﬁt%" ofythei Pbefereed ém%mer%t&is
greater an the m,
nor iThie yf¥ hed"ér§%§|‘"e C;S’FH%%N neggljgygi,le algrreé{e 0 gﬂg\\l/{ﬂtwn
1qcp1r1[1t%%|§e a\j%rfl‘l?gcieﬂ%’@ §R8i midokfey niiberrst whéréimetkse

€-Cco e structure when the m no
maJ obﬁrtgx afnbelrrsaaeel prwehteagt aphamodptt gﬁﬁaﬁﬁr:z)'6$a'¥t{he

mjwﬂtfy apﬂ?eréonpojgﬁ§ @gi éﬁeﬁbé r§19apal pl?f‘eseﬁh%lsf a

esent |1 nvention |
bH?tFJN' rovi det ean rredldlhmsah/enefandeu 608ARBFTAAL | Bhe

h tradl t i, onal [ t d
maﬂmﬁtﬁw Fabers vinga: capgortanios or ShEHF R PE e | the
Ore‘gﬁ%é&‘:tﬁg fhatth)y frd bak- fliedar @I@@‘Dossbﬂaenﬁ ng
nventi on provi des short diffusi on di
§1|@@CQ@> fromand indludingo theisumedd&dngr PRENT The
conposjt e by adsoqr

Folpe Fraki bRy | CEMRATT pt IF 018% pﬂéafeﬂHSH v@n'flnaﬁe'i‘é.eﬂfsbfu’l

ab thatk; ‘Pﬂerprrﬁ@d1m93taﬂbﬁét mant ofint heombiibatipn bwi th

conposit € can inpart properti es h
tradydi opdl f1'b‘¢ertynedi3ﬁgl3régﬁbbﬁscl ffsjiﬁc as for ﬁmlt%d

Cf"‘ﬁé’%@rgﬂ &%Mgger’aq@an e erot‘?‘ Rt ! %r%haéﬂﬁjctu'ﬁ’@ of the

orne u3| ng, preferabl )
8L rLpibélr papRposhké of ptioeepsesentr igyesd 18Ad refqyi des

sﬁ2$¥ diffusion distances from a fluid to the surface of
the composite by adsorption or diffusive interception
making it an excellent medium for fluid filtration. Pre-
or post-treatment of the fiber-fiber composite can impart
properties such as, for example, hydrophilicity,
hydrophobicity, anti-microbial activity, and electro-
static charge. The integrated paper can be formed using,
preferably, wet Tlaid paper-making processes for speed and
efficiency. '

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 low

as 0.2 microns. The bubble point, largest pore size, of
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The f iber-fi ber conposi t e has a nean pore di
aneter of | ess than or equal t o about 1 m cron

wanaspaeder ably , | ess than or equal t o abouPCO/USZH4/027247

m cron , nore preferably | ess than or equal t o
about 0. 5 m cron , and cen be as lowas 0 .2 m
crons. The bubbl e poi nt , argest pore si ze, ofthe

SRS 3 2ABE Py et s roms, bt o

out 2.0 m crons, The
PSS BET U&sr etmintlwommrpbsﬁ)t méCprBﬁl dedhgr e‘é“tgmtg pore

th bout 99. 95%
atﬁﬂa@r%&o@ she,crgipeted pRaxPERE, oEaire ey abau

% é;ﬁ rUSFE%Q*tS @i alttashd1avd|ngnga cppaticieysize
ber er conposit e prefera y has a thi

cknaassoftmabnuabwosﬁ wisBens 0 v e [hav]nd; & gnepAgus

wet strength of 't ber-fiy

876t or BB1 )M apo5t PR 15 about“"éo%f?ﬁ?ﬁéfﬁj%r;t Tonooh e

a
P?%f%’lﬁaeb'%f bﬁag er thheknassuof0. algast kB4t “trhealpd %grg 3

-F .
et 2 GEE SRR B e
E%l{n é}‘%’e 1% D&t ?@1}!7” ap8at 10ytb abbatS30/Tbé: rche dry

efs preferabl y provi de an adhes
%'ﬁﬁén@ﬂalvfﬁm&,s arhey med ot 1thp5y1 fahOUJeIOS Ia I/mef orce

nposit e str o t
EBEGE;;Z'"S kE's Pﬂﬁ%ﬁ%’” p‘l—’ﬁ%lf %"éoy ve elf o?cesﬂggés,sar y
© or,
heat e PFiBel F1 ?@Er tddnpdsiitdars Ebgvfffmm uwew on

glgrcéggeeg rd@i@@h’@és ,"‘Pﬁéspo@réd&m‘zréo'&t)f hgﬁg? ber - f The
SShgEATD Bl P ELahaOT Pt O St aetores
%tl?:apﬁgrhéfggggﬁbgpa]anuityonp‘i’let&s"st heift9 pdhe t 60mpos1te
structure, preferag1 Z?’Iat sheet, paper-Tike structure.
The adhesive force necessary Tto coalesce the majority
fibers can be provided by heat and/or modest pressure.
As the average fiber diameter decreases, the pore size of
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

One or more types of fibers may be present as the
majority fibers. Majority fibers useful in making the
integrated paper of the present invention are any fibers
that can be fibrillated 1into nanofibers that have a

softening point at least about 25°C greater than that of



The Mpjority Fibers One or nore types of f i bers may

be present as the majority f i bers . Majori t y f |
woeows/z®ful i n maki ng the i ntegrated paper pof/uSh®4/027247

present i nventi on are any f i bers that can be f i

bri ated i nto nanofi bers ¥hat have a softeni ng poi

nt at | east about 25 greater than that of 7 the m

4031 imindhfty' h&fe&@@hht heliatipgsomeiaéa Bropr ppessere, the
the nmajori i bers dg not nel t and foul the pore
%%}Qfdttl)(r éCH?ertShedCbo'iﬁbﬁ"e te andrroy! tftférléob‘?eFEFEBW/re

| .
SOl DRpPsR. CTRE, FYBRFS, BrerepdBly EORRrSE proanic
1Gymmrs1c pridfears ethalueateo clalpejb1exma"’pt beomal flibyillated.
TS PR DO ot ekl et

S cepdoyaRNS smma@-mmiy%m\s dénd rodntiadly Tow cost.
acrylonitri | i qui_d_crystal pol yners such as

SxEchFﬁqrh(m)ﬂde\ﬁJ@nm inchde,hdut jagg not Timited to,
an esi_ns ere i _Ns a4
P 0 o S BESL Pl acfShoithte:

11 cﬂardamrytstahtmﬂrynfer's nalks aatVECTRANS andr Z¢b@®?, and

ﬂ@tl ns t her eof . mbi nati ons o f organi ccgndi .
gahi K@ f i1 BePXRABIE: wWhPSERBrs KTIREEHeD) FRSTNS;

@e%ﬁ‘i'.ﬂ%rslen(’t raydre CoRkeER! aifsh andswik i hignathe sgpepgt;

nventi on. For exanple, gl ass , Ceram c ,
cﬂramtcal fothemsfarbmoga ymetertals) bears mapmbanagédns

ke wEOnBIPaRIbnST R | apbatPEsRn Bitantfe Fibgrs

a-’hd?Qﬁ*t Pk ekeed enfhedheant fibri1Datedt edowoceioﬂ f are
bers are used due t q thei exceptlowgnal i

el aged and potdini the 1sgope ckh ; 1nvent$on For

example, glass, ceramic, or metal fibers 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 Tlyocell
fibers are used due to their exceptionally fine
dimensions and potentially low cost.

Fibrillatable 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 Tlyocell
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 Tlyocell are often curled. The curls provide a

¢
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F bri | atabl cel | ul ose f i bers can be nmade by d
rect di ssol uti on and spi nni ng of wood pul p i n
wanomrgaser c sol vent
are known as | yocel | f i bers . Lyocel | f i bers
have the advantage of bei ng produced i n a consi
stent , uni formmanner , thus yi el di ng reproduci

$lgre Fieauk tanduntWyf Ch‘h H@y r@@lttab@“eh\%nftase Asr a,n fadded
eXxanpl e, natural ce

&d\@nftalgebr the €ibr1]1 %@@ ?&%eb? t’ghb%rﬁ | m@a be TWeoduced
GH o F Qr%ﬂanZgﬁéss' e&jagg HEH%t#ﬁF &bg%%t C%F1ta1

entang enment an a age, bri
dqsctcel | Tt bei3d1mhe benseoduoed |’nhaarg‘é1tcmmt otthes than

dioegontihare  FEBPa TaaER tHanPERR 6P osa bagpedy Fine

#fﬂ%nsHat %dcho peodpsp exkampety féparhebiel sfi 5@@@ asin
for exanple, synthetic fibers,_in Partlcular I|c

mrigcwacs yRenyli €l er (Palyaeryeerite et (eANLe mﬁfro%a ©r

terial by a wet laid process from
4ghﬁﬁ gjgﬂxgigc@% %?ﬁgg or polyner fibers, such
nanofwhe@r protioued bynva aefamaddaprﬁtaﬂdafdoﬁrﬁehess sHich
| ess than or equal _to abQP 100, pre erabl Iess t han

ay el !9e aBbutPodymedndr HRRYS préf‘ELatﬂ%f‘ dhers, aphey 1d
ﬁﬂﬂ?' a t@atPn OstaddNey eFrebhesHOBIFd 1RQ s @GRENI F€dequall

I n sone cases, Canadi an Standard Freeness is not
o dlebest J:@@asmrezf@wahmﬂessism;haas om eqeatake apout 45,

SRS AL B i VB |
Heesser,t hecf ISIHUM%II Zigeshead shbiez et r &bty assaoet usasgs,
n1croscop Preferably, a
Canadian gtandard Freeness 1is not an 1ideal measure of
fiber size, as in the case of extremely stiff fibers such
as those produced from liquid crystal polymers such as
VECTRAN®, In these cases, the fiber size should be
directly assayed using microscopy. Preferably, a
significant portion of the nanofibers should have an
average fiber diameter less than or equal to about 1000
nanometers, more preferably less than or equal to about
400 nanometers, and nanofibers Tess than or equal to
about 250 nanometers in diameter are most preferred.

It is preferable to chop the original fibers prior
to fibrillation to a Tlength 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

, such as an ani ne oxi dePCTAISL004/027247
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significant portion o f the nanofibers should have an

average fiber dianeter |ess than or equal to about
waQ0B/maonet er s,

to about 400 nanoneters, and nanofibers less than o r

equal to about 250 nanoneteys i n dianeter are nost

preferred. It is preferable to chop the origina

fibers prior to.fibrillatiqe hepgbhegt Bboavoiding
fhb¢riﬁ%@%?ht%uﬁkQ%t{%én?ﬁbgﬁéﬁgFi? p?eferably about 2
eﬂké%éﬁ@ efHd© @Radingd mllineters, and nore

preferably about 3 mllinmeters to about 4 mllineters,
and The sUnerr ity Hid@ner 1 ength during the

fibrillatjion proce avgi-dFagaBxgesikave fa beoftening
cutt hﬁ WH@rﬁltﬁgrﬁ)l?@éisbe?s Thearri %ori ry fi b%{sbéa or
pgﬁﬁ{:eaf@bnﬁaQavESKﬁﬁﬁ@git@b@ﬁt‘;l’éﬂ “I'aelbé‘ﬂ 96 13 diSow
that of the pmjord. i bers vekict Vs dfitearing
OchaTEhEhaméJPFubt{/ O\ﬁééfgr%ff}éﬂ ngab/%i n‘%@Prngi‘Ngr ably, the
niﬂgrit¥EQ¢E$5§1§§ethaemﬁmﬁﬁﬁtqrfﬁh@mmo@ﬂﬁﬂﬁhﬁrmoset or
PRdt'eri ai's.” Fi bers such as ponx%le al cohol §r1 olyvinyl
ﬂwe$mob0asaﬁcelmaﬁe&ﬂaﬂéﬂperafﬂ i n presence “of .
moi styre_are al ful ¢ ag 18960t Yedmpersturlde in the
R Pityth?%e?§§§8x§§a3%ta%ggggg fiber‘gﬁgnetersﬁ@fove
helkowst fieisubrai grenat sngesefs] tae W1 and&dr -

of the mnority fibers decregse upt : t

mi nofTihey Minp&R §YnE&BRHSt 6280 P¥§céogﬁgagang€f%iij%%(Ers
ecrea pr d at enfit Fef | tRanfgehers As e | Tiber
Bt5 i %ﬁgedﬁgkgﬁggbgthgagﬁiority fibers tofﬂé§Vide ﬁPeof

grfidal eofiegheembhonstyaifdbery” stacsiegse: THE pdPe!

structurecof the (18el-1ibeL,§PURRS! ithe/afih for ey hftibers

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
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
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 1n the resulting fiber-fiber composite.

nore preferably | ess than o pPCeE®S2104/027247
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interpolymers thereof, and combinations thereof.
Variations of the above materials and other useful
polymers include the substitution of gﬁoups such as
hydroxyl, halogen, Tlower alkyl groups, Tlower alkoxy
groups, monocyclic aryl groups, and the Tike. Other
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 in the present

invention as minority fibers +if available 1in fiber form

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

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



10

15

20

25

pol ymers i ncl ude the substi tuti on of groups such

as hydroxyl , hal ogen, | ower a kyl groups , | ower
walodsomysogr oups , nonocycli ¢ aryl groups , an#Crius2004/027247

ke . O her potenti al | y appl i cabl e materi a |l s i

ncl ude pol ymers such as ystyrenes and acryl on

tri e-styrene copolyners , styrene-butadi ene copo

poeymsersand sather asorpddyystrat] aaiake ,arrpoﬂlyzﬁasrpébﬁ Cyrr&cisd) )

S O her _ bi nde [

éi&éh ctu; ThvenfT8d as HP S%Fﬁ ?CB%Tig?yl

gﬁeﬁﬂy1 ﬁe%hﬁc?yﬂa@@) f@ﬂﬂbkoﬁ&kb@ﬁe Qnﬁm@ﬂﬁreﬂu@w|as
yacet a . such po y(oxyneth | ene

mwmtr@eﬁ%reéoepbw 91@@) b chi PeFb u@ranaa@%yde) ethy]ene-
| d
Y fnetr 2 g fiers PO] Y ERRGBhadRBY B 1u0RBE LAY ene

onal ‘acryl
oobo Wammnsl an1pﬁﬂy@nﬂ1dﬁumndfhuaraﬂnhybene)pol ethylene-

th th | | , d ..
%% SRk HoRGERAY I nBat o) COPETYMEES Y car iR 6V D] Ldene
AfHPOland( tgdahlinyar aetubii RD.) poPRIMIddsf isuch as

nated ethyI enepropyl éne copol yners, _ethyl ene-
pety ciHamioosaphgli Cene aopd) ymes, papbly€enrapselactam ,

RSLOMRaAneIAT enel 1Y' aBRBGR148) ] 1| pb1YLRERAML N GNEne

yIers vi nyl "dene
yéyacamyildeh) ,| uorancble) :p @by (Vhnamtesyndacdnaic pol acid);

(6-am .nocaproi aci _d), or pol e-c I tam . I
AR sl O B U oAl LaTkeRhpPe3-

ene adi® y(hexaf#®

ﬁﬁ#ﬁ?ﬁ?ﬂe1Qﬁho1§69hﬁﬁb1M§hb - a”‘oﬁoundecéﬁqngaEheﬁ Tene

p yaram des, such as” pol y(i m no- eny
esephthaisinisepht waroylenpsor speth yaom padYiyL- éhlsy‘lene and

@ﬁﬁﬁ%{ﬁig#%?1-§9hy1EHE¥E en581ya§9§h aﬁtﬂgks¥ 2-X4knY  as
poly(oxy-2,6-dimethy1-1,4-phenylene) or poly(p-phenylene
oxide); polyaryl sulfones, such as poly(oxy-1,4-
phenylenesulfonyl1-1,4-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, such as poly(ethylene
terephthalate), poly(tetramethylene terephthalate), and
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-
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polypropylene, acrylic, polyester- po1ypropy1ene or
po1ypropy1ene—po1yethy1ene bi-component fibers, or others
can be used as long as they have a softening point Tless
than the lowest softening point of the majority fibers,
and preferably at least 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
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
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t
p;g erégq§ AV LRt a889Q°r18A, and most preferab1y
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
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
is preferably made using wet Taid processes for speed and
economies of scale.

In a preferred wet Taid process, a fiber tow 1is
chopped to a specific length, usually in the range of

about 1 millimeter toO about 8 millimeters and 1in
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ﬁégggﬁgfséléoz¥%ber éﬂ&th 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, is a suitable means of monitoring the degree of
fiber fibrillation whenever the fibers have a good
tendency to form a wet-laid sheet. However, this is not
necessarily the case when handling very stiff fibers such
as those made from 1iquid crystal polymers such as
VECTRAN®, If the surface area is very high, then very
1ittle water will be drained from the pulp in a given
amount of time and the CSF value will become
progressively Tlower 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
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weaknesses between anorphous and crystalline regions
and the Canadi an Standard Freeness (CSF), which is
wdeb@rmrseed by a nethod well known in the art, POBEISD®4/027247
to decline. Sanples of the resulting pulp can be
renoved at intervals, and tlbe CSF used as an indirect
nmeasure of the extent of fibrillation. Wile the CSF
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time needed to achieve a éﬁnad¥%n 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-
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 in the art, with or
without a biologically active metal. Examples of
suitable anti-microbial agents include, without
limitation, any bactericidal agent, bacteriostatic agent,
fungicidal agent, fungistatic agent, or the Tike, that

are preferably efficacious against a broad spectrum of
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dewateri ng press or belt , t o produce a dewatered
pul p. The dewatered pul p can be subsequ entl y used

WO 2005rmak®7a wet-1 aid f iber-fi ber conposit ePCGEIS20a/027247

| 'y , for appl i cati oni n the present i nventi o n,

apu pw t haCSFof belbow 100 i s used, preferabl

y , the CSF shoul d be | ess than or equal t o about

i robied .mor e prefSpedifyid essexdmaples equalf t o sbidwble
St andard Freeness below 0 i. s, achi
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r maki the f_.iper-.fi er ¢ T
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Sepgéﬁt ic TiRXampl eéer% osr‘“t t] QW&}F%%WW
e'nttsSel c1u8@n b\ﬁwaﬁ‘(?ull”l Cﬁﬂrﬂ'lﬁ’af”f(ﬂ@t eddithiodh@Mbmates,

orrpa | e mcro Ogl cal 1 nt erceptl on enhanci
mgtrademndleaom i ndieerkeximidgsi: h or ergamerhogplsites,
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agent , fungi ci dal ag

1 fupgi stati 8
e@nciinggce, 298kt afé pr 7f%fr Lasted “efit cger 888 Apdi ﬂLtS'
Ag%;h %%%%glegéwm 0 d 6 m/?ubaa eSpecm c exanpl es

SUul e bacteri ri ostati c agents I
ncl JThe , Fwber havtxturieni cani dre , dHaemMel NGemE, to pulp

Q?"Alf%alﬂma N(t%}ﬁh %so mgregﬁéqosw(rtn@sh W%ﬁ&mfor

al
paper making.

Exemplary of a wet Tlaid process tincludes mixing a
pulp of fibrillated lyocell fibers having a Canadian
Standard Freeness of about 0, with 12% by weight EST-8
binder fibers, and about 15% by weight MICROSTRAND® 110X-
A75 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 micr6b101ogica1
interception enhancing agent to the slurry, 1if anti-
microbial properties are desired 1in the fiber-fiber
composite as described above. Next, this pulp s
partially dewatered under vacuum and rinsed with
dejonized water to form a wet lap. Thereafter, the fiber

slurry can be directly used 1in the production of the
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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
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
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
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econoni es of scal e are easi | y achi eved i n making
an i nexpensi ve f iber-fi ber conposit e for use as a

wo 2005au7®heet nedium The f iber-fi ber conposPCTAISZ@A027247

al so be densi f i ed duri qg t he paper-nmaki ng
process by passi ng the f erfiber conposit e
through a wet press or through the use of a cal endar

hbeufchb, 93% ﬁﬁxérmmrtﬁnsdf ypeitrm' thesfhiavrhag pno@M@ﬂ”age
Heat ed_cal endar i n of the conposi r onot es

PBEE S £1¢ b1 Z8oRMs 3t 8915 1CrRgs Whep qehe; mea 88‘"e size

GRMPAGRd t f%\é/'r TﬁPeF‘ dompBk i tendegcylds ghad faboer9.75
Exenpl I cati ons O The Fi ber-Fi ber

@oaponst aswwlqtetrwpeedoﬂJSﬂ ng Ry ahvbemaeed €apidharyr Flow
% ﬁ)ﬁﬁ Fpﬁg&goﬁggﬁ IebdE botdfL - Métgﬁaﬁ ?an%l't elqﬁl'&ca

i eéd beéel ow are cer

REROVAERL S. Hweerialt hase de\vrai:esnata"cea@hmn arqan be
and shoul d not be, construed as r&z{rl cti

goophest ephancedviith Gratirets Wisdy any e angi-
%c'i"pﬁﬁﬁ eﬁﬁ@hg n‘F"E‘x'?“thePrﬂoF@n '%ﬁeugfq%@—%%eas d‘ordpo%hte

, axi or cross flow ap LII
@as, had teeated bletbsehiy(iil"wl’a)lmc‘ewedo'br '"QPJU icity

wound cqnf i t h
@H@ng 38} rﬁuﬁ)ﬁr Itg’&rp%ﬂ-ﬁ eallr;chchong a tsCLé(j(r:tCHée Rsired
ﬂ!gftftﬂggogpﬁﬁhbt@gﬁst-}@refore , rapid di ffusi on Ki

m crobi ol o
ng f fingn ceamky nede T deRne hid tesmibed e, | theq Tiber-
9l c&ﬁﬁgﬂjﬁ%o@ fBﬁWd’!ed hd aw BF@?W’tﬁaﬁ'ion wrap

fif'erent t pore structure al so provi
deousidppan eramrlaflatddr eccarhwn hatockal i 1heer mgstiunon ofThe

mcr%tr)\{segl oq*e satrucqtrfjtraemprnfi‘/ntdses 8F8§E8F hap Yr equal
to about 99.95% dnterception 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
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®
available from KX Industries, L.P., Orange, Connecticut,
and disclosed in United States Patent No. 5,792,513,
which is hereby incorporated by reference. 1In the PLEKX®
“process”, a mixture of active agents and particulate
binder is laid on a substrate such as the fiber-fiber
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about 99. 95% ntercepti on of parti cl es havi ng an
average parti cl e si ze of 3t o5 m crons when the

worens/prve si ze of the f iber-fi ber conposit PeTiUSS00/027247

ess than about 0.75 m crons as determi ned usi ng an
Automated Capi | | ary FloW%Poroneter avai |abl e from
Porous Materi al s, Inc . , Ithaca , New York.
Gampayitaalofanthe pabséemt ememh@tm cashbeltura heater and

enhanced w h treat Wt a nt|
VPR OB e aBLA EOPE MG ASEe be [ AEST PRLE: { {theo FTber-
Fwséénﬂad?ﬂ:éoecatﬁe@ée@s&ﬂ &shthkédrt%‘ﬂ“%ﬁlbé’tr(&te of the

hydr ophi t y agents known I n the pri or art 0
PX® dematu@e"1@ésu asedwadliti ngThear a@mbn nedt fébervﬁbbaer

?8{%051'@ M_Ef(x@ g}iﬂcakcft C:M ef)en'el%@d faghe%f 1d1atﬁersheet

er conposit be Used as a prefi rati
mwsdme@]redlmd act sparal weuddn bl ock f i Iter rred| u

. The condens ore structure pr des greater tha
or eq%d?a'"tjoc‘g‘@dfﬁ 1’! g Wﬁ%rgépﬁdélﬁ ofu%wqanbﬂgrom
Bife h@mem-mra\/&fn%%ﬂ%r tt'o Brofi oty ahPfsedrvi & S11Fe of
crons such that a carbon bl ock that can onl y provi
ﬂeerﬁmmtratmnu spstamri rfeuch t parsiandaseom e Iiew are

C on of protozoan cysts
‘@W e?@p{agnﬁléﬁ?lld ?nglﬁ% %pé'r dia when used i n
conj mclt lc@mﬁfiAgutraim bhe 6fi therfibebefibenposipdsetofwith
t’g’hg resent i \é/ceq on. The f i ber-fi ber conposit e
SEheral T¥REDeOfisdd 'd€roiedid beth s‘ﬁ’ edNj Hayyty or
LTRAm PYGRraei hEigdtenayvai | abl e from KX

In ustri . , Orange , Connecti cut , and di
scl dﬁ*sda hheJmpresanSt atreenfgioent hive besn 7partseglarly

%i [brd,s h%rel%%njungggggr %Ejh y refsegw% !orgfépsed
embodiment, it 1is evident that many alternatives,
modifications and variations will be apparent to those
skilled in the art in Tight of the foregoing description.
It is therefore contemplated that the appended claims
will embrace any such alternatives, modifications and
variations as falling within the true scope and spirit of

the present invention.
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"process" , a m xture of acti v e agents and parti
cul ate bi nder i s | ai d on a substrate such as the

wo 2003@a797 ber 19 conposit e of the present i nPEmMUS20m/027247

. Shoul d a water and vapor perneabl e top substrate
be desi rabl e, the f i b&0f i ber conposit e can be
used as the top substrate of the PLEKX(r) materi al as
wel | . The conmbi ned f Igtadmsfi ber conposit e
PLEKX(r) product can be used as a f | at sheet nedium
phavated levimasi iS4l wound. A parti cul ate prefi ter

ﬁg Bfo 3&)3)%1%3%3%%Ré9]@ r!i%ﬁeil gl}ni t@ﬁ@p?ilslpﬁ@ &§Prposi te

the servi ¢ trati on

system . Sugriayt ifibaksatangrefi | ter are known t o
one of ski .

| I i n the art . AL _| confi,gurati, ops:Qt.:
the f ibeMifiorgdy C%H'ESEF ¢ admyxed hwattﬁersgbgesmgf]%wy
I | tefpdrrdihedai nbe adgenlihorigyafibery haver assofitengng
water f i | trati on systenms.. Wil e the pre en%i h
nventpoioit Hewededhapasgidcupiarity fabers sugh ithat when

conj  Unetd 4 il rd thy fFiperr 6har Mfority Fibers
enmbod n4qn%{k1¥ﬂqe gl%e\%aagg?}i:ytEgP%ﬁgn%_a {ernat i yves ,
nodi faeat iweanslaidl varifati anspaper-iike appaueitre end

those ski | I ,edi_n the art i [ e
f or eg%fsblfgcﬁféjscw HtRr o Une 2 C?sathS‘%Eésgéukgn te)ﬁ\p/f3 the
ated {dptediRy appended ot ajaisl Wi minbreoyr acébany,sushid
al ternati_ves , nodif cati ons apd vari, ati on§ as fal d
| i mpiertey nfibers r @ndsc P QRECEpi TIPErS of Of fe Sa
present |_nventj 0,CLai A ¢ reglid1 ste or
1. A g%%%srsl‘tee{] éa?f%% ghg'gtaﬂsné%é??ém lc(:jc}%{)nr%iltesi ng of:
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.

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, T1yocell, cellulose, metal,

ceramic, mineral, or combinations thereof.

4. A composite of claim 1 wherein said majority fibers
comprise glass, polymer, Tyocell, cellulose, metal,

ceramic, mineral, or combinations thereof.
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majori t yf i bers; and m nori t y f i bers adm
xed W t h sai dmjori t yf i bers wherei nsai d m
waoaoos/u7397f | bers have a softeni ng poi nt | ®@EUSRIvAN27247
sai d mgjori t y f i bers such that when the adm xtu

r e of rrajorityfibersm]drri nori t y f i bers

are wet ai dt oforma paper-l i ke structure and
subj écﬁ@odsﬁead% CEFAH ﬁnﬂh@réeﬂpgaadumenabmw fhiers
~Softeni poi nt of sai d m nori .t tl | bers , sai
dom s & thefrmosiedr oraridesmopdas ti cyPp lyMBEr s form

sai d conposit e havi ng a nean pore di aneter equal t
oor | ess than about 1 mwi t h a porosi t

tg(h:ﬁtlgg(éﬂﬁmasﬂcﬁéﬂf 36%aiand ahaeeist samgt mTOP'"QFCMafFéIie'"S
abepei st %apowwéfmypp?wwi“%ﬁ’ aip1g fh B5rPITEy or
b e e hanof 1 bers conpri 56 of g
ass , pol yrrer , yocel , cel | ul ose, nmetal , ceram
7o ob Epnapsi SADr & AT RECEIE AP softbnzBOieRint

6P dSaniHorEisy , FPbkry s, eityibeai;t 2(SeICI1Q)41elbs§han a
metal , ceram er al nati ons

shétening 2n0inty Qfonﬁ%ﬁt”‘@%‘?“@f 1’91%%51 wherei n sai d

m nori t yf i bers conpri se a thernoset or thernopl
asti pol ynmer. 6. A conposit e of cl ai m1 were 41 n
8a| dArrr_ompomteyof icladms 1c<§\lh§>rl”6§é' & parny g ¢ ameter

ﬁe?é@)?‘ ngompg\s ?:Jg?rgjjé i ?%u%?cﬁ(%{al 'lfn ﬁe%ﬁqgheﬁ edo@td 73N,

sof teni ng poi nt

9. A composite of claim 1 wherein a bubble point of

said composite is equal to or less than about 8 um.

10. A composite of «claim 1 further including a

microbiological interception enhancing agent.

11. 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 Tless 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 Tlower than
the majority fibers such that when the admixture of
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of said mnority fibers is at least 25 C |ower than a
softening point of said majority fibers. . A conposite
wofowsltarser 1 wherein a mean pore di aneter of saPdT/US2004/027247
conposite i s equal to or |less than about 0.75 m. 9.
A conposite of claim1 wherzd n a bubble point of said
conposite is equal to or less than about 8 mm. 10. A

CO”DQ% BFVQ? P‘@é?"slaﬁblrh'i‘ﬁbrfﬁ%'ﬁ%é‘@saare subjected to

mcro I nterception enhanci ng agent. 11. A
filt pae:asnrey@mcérracaﬁpapegaﬁgr@f abavie a&hﬁvé@’éﬁe'&w%d?m nt

filter di u i.Qn t
nanof)fbe %0%8 grg n:%@gpg}ﬁcghéext g%éfg‘g dre
| ess ch@@s@é@uintoWSM Wnbii ¢h nwé-b es tieenod t b econrgids .t e

conprises of majority fibers; and mnority fibers
adm xed with the majority fibers wherein the mnority

- bens k3 te I h
nS B3¢ rgr$Qht eny g | Queyint han t hgheedr i tyaid
]T2| ‘bers suchrt hat vvhery&he adm xturewfaf 22 majority sa

a‘ame/astednatamonnr|fy1telbemedaufé sappeises o %'&@Ur@“k
}mvr;&%l :ase/n;ﬁ)ﬁ;e%gtr@élgfaﬁ ve t:gl_l SoqIt Péé]@epmtﬂtan b'b'ﬂlg 1 pm

ty f| ers-are coal esce

drit Quifeiedh mlsgi‘id/\leﬂ‘ﬁfti"alﬂﬁlbh cgspesi tean 1lPemdve protozoan
filtration systemof claim 11l wherein said activated

@srtson filter nedi um conprises a carbon bl ock having a
mean pore di aneter of greater than about 1 m and
wherein said filtration system can renove protozoan
st & il tkatibrr atsymtesystai of laimi i1 whereim said

actR/ated carbon filter medium comprises a flat sheet
filter medium having immobilized therein activated carbon
particles, alone or 1in 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.

14. A filtration system of claim 13 wherein said
nanofiber composite is the one or more substrates of the

flat sheet filter medium.

15. A filtration system of claim 13 wherein said
activated carbon filter medium is formed into a spiral

wound or pleated flat sheet filter element.

16. A filtration system of claim 11 wherein the majority

fibers of said nanofiber composite comprise glass,



activated carbon filter medium conprises a flat sheet
filter medi um having i mobilized therein activated

woanisma7articl es, alone o r in conbination w PoT@Sh®A/027247

active agents, between one o r nore substrates, o r

adm xed with fibers to resul? in entangl enent or bonds
wth the fibers within said activated carbon filter
JEGEp, yodeTl] teall@Tosy stpetal, ctaramis, wheneral, or
sai d nanofiber conposite is the one o r nore
cbstnaitensoftheredi.at sheet filter nedium 1 . A
filtration systemof claim 13 wherein said activated
carbon filter mediumis formed into a spiral wound or
1 .eatredr flatatstwetsfd tareofelcdmgm 111@hesefip| Lthat mapority

ystemof clajm 11 erein the.mgjorjty.fLb sai d

e 18 Sitbaanal o cPudgi 48s Coyblpby Fhgce]:

yocel | , cel | ul ose, netal , ceramic , m nera

or conbi nations thereof . _17. A filtration system,of

i th 111 Whexel on { RES Rl T 15121 Beld EAFEATE ABRGFIHRY 2
QIR0 ' i ocell. 18. Afiltration system of

I%’\al r@%ﬁ&%mﬁﬁﬁnéﬁ'udi ng a parti cul ate prefi | ter
19. Afiltration systemof claim1l1l wherein said

anof | ber.conposite is refplt ac u of .-
LGS Act T EREREE pov s Feferoheaf 20t ta PREFER onaid
SHIRMMEOF CoripBslitewhes eian gréfETter pdbledl wstream of
activated carbon filter medium and said nanofi ber
svehoa¢ tvated hearhofe | Tidlde ra Maddi8bi ol ogi cal
i ntercepti on enhanci ng agent.

20. A filtration system of claim 11 wherein either or
both of said activated carbon filter medium and said
nanofiber composite further dincludes a microbiological

interception enhancing agent.

21. A filtration system of claim 11 wherein said
nanofiber composite has a mean flow path of Tless than
about 1 micron, and a bubble point equal to or less than

about 8 um.

22. 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 um, the composite formed from a

wet laid admixture of majority fibers and minority
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21. Afiltration systemof claim1l wherein said
nanof i ber conposite has a nean flow path of |ess than

wahoest041s9m cron, and a bubbl e point equal to OPCIaS2004/027247

than about 8 m. 22. A nmethod of renoving
m cr obi ol ogi cal contam nant 24from a cont am nat ed
l'iquid conprising the steps of: providing a filter

medi uge; GepDr | ﬁ/h@ge?nf 'tﬁ@rtfnﬁ ﬁ’@ﬁ EPPHIsete Hiand 1zg sofitearing
pore di arefér equal o r less than about

conpogpbti atf dmmaf ftrh@m éhﬁetmaﬂ@i'”d tydriiPedee S&F%haﬁ: %N)I;en
fibers, and m.nority2%2 b wher e fib

m nor ith§ F‘Flg‘é?( uﬁgvé% éZAE? {3{5%[; nt I(gv\r/ﬁehrﬁ({}ﬁ‘a;cr%/ t ﬁeers
Maj Or gty foiulpelet toldC Frd fwtprvmfsmrtel‘lelmbra XEQIWF@WUFG above

majority fibers and mnorit ers are e 0
pressihe apafientngerkRitte éﬁ gh?hé" 106 ngﬁg‘grént the

of th a;j"orﬁqutg‘ Yfilﬁé}%'sanﬂh@m'?%qulﬂtlyt Yﬁfbeh@”SF@mi a paper-
m nor i r orma paperlike Structure with bout
por osiltikeofs tynezge wWizh abearosdyy @Bn@'é%ﬁe'ﬁgth% apou
contanmi _nated | iqui d w t h the conposit e; and

renovi 99. 95% of contam nants havi ng an average

parti cl e @ntzetdheat ehet heonedwinated diapddt @iwh. the
23. A nethod of cl aim22 wherei ni n the step of

provi cmmm@mter; iand ¢ er medium the f i Iter medium
further i nel, HAGY aRYHyated césPeimindnts tetaving an

medi um
average particle size greater than about 3 to about

5 uym.

23. A method of claim 22 wherein iin the step of
providing a filter medium, the filter medium further

includes an activated carbon filter medium.

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

includes an activated carbon block.

25 A method of claim 24 wherein 1in the step of
providing a filter medium, the fiber-fiber composite is

wrapped around the activated carbon block.

26. A method of claim 24 wherein ‘in the step of

providing a filter medium, the fiber-fiber composite 1is



W N

w N

24 . A method of cl aim22 wherei ni n the step of
provi di ngaf i | ter medium the f i |ter medi um

wourodsharso?r ncl udes an activated carbon bl ockPCRAIS2004/027247

met hod of cl aim 24 wherei ni n the step of provi di
ngaf il ter medium the £5i ber-fi ber conposite i s
wr apped around the activated carbon bl ock . 26. A

@BtPagd @bulbaiamd24 neeered Wikhfnt hecstrepoff theouctivated
ng af i_l ter medium the f iber-fi ber conposit e i

s25bepi blarFkwound and i nserted wi thi n a core of the
acti vated carbon bl ock. 27. A nethod of cl ai m 22
wherei n i n the step of provi di ngaf i | ter

@edi uky mbehbdi bft eclabdi udd f whangin del dhes step of

at shee nedl 0 r|3| iva ti

Beov Athe 18 addern heifg, foe *FEaER RMART (fuffher
ahcﬁhastﬁeWWaﬁWdhééﬂfMédﬂmﬂ)@ﬁmﬂﬁ@VMgdmcmgvatédicarbon
I'ter medium the_f iber-fi ber conposit ei s a

passicdes ommphalized 5on shewPHieH 29. A method of

cl ai m22 wherei ni n the step of provi di ng a f |

| ter medium the f i | ter mediumf urther i ncl udes
agpar i melchatle pfefc1a1mer27 3thered metitiod tdre cistap nPf

22 wherei n the ste 0 f

PEQVUMA "Phé f1 bEF - PFdB Bﬁ% ﬁh?éu #¥béhaﬁ§m995H%E js a
su%lstréta%hfoql;h@f f¢htaSh€é‘22méMTﬁInel ni nthe step of
provi di ngaf i | ter medium the f i | ter nmedium

further i ncl udes a mcrobi | ogi cal i ntercepti on

@pan ' ﬂ%tﬂ%ﬁntof 327ahmmebhodyRb &l n aliR 2Z pherstlepn of
prov1d1ng a f11ter medium, the filter medium further

includes a particulate prefilter.

30. A method of claim 22 wherein in the step of
providing a filter medium, the fiber-fiber composite is a

prefilter.

31. A method of claim 22 wherein +in the step of
providing a filter medium, the filter medium further

includes a microbiological interception enhancing agent.

32. A method of claim 22 wherein in the step of
providing a filter medium, the fiber-fiber composite 1is

one of pleated or spiral wound.
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provi di ngaf i | ter medium the f iber-fi ber
conposit e i s one of pl eated or spi ral wound. 26 33.

wa 0estoarsd7 of ¢l aim 22 wherei n i n the step oPCPUS04/027247

di ngaf i | ter nedium the f iber-fi ber conposit e
i s aprefi ter . 34. A netBéd of cl aim22 wherei n i
n the step of provi di ngaf i | ter nmedium the f

i3ger - hi  REEh6@NPESI tcBaimS 27 eaftedhedin t iln athecr sbipol of
ogi cal iIntercepti on enhanci qg agent, . _ )
providing a filter medium, the fiber-tiber composite 1s a

prefilter.

34. A method of claim 22 wherein 1in the step of
providing a filter medium, the fiber-fiber composite is
treated with a microbiological -interception enhancing

agent.



