
1 FIBER- FIBER COMPOSITES Thi s appl i cati on cl ai
ms pri ori t y from U.S. Provi si onal Appl i cati on
No . 60/518 , 266, f i l ed on 7 November 2003, and i
s a conti nuati on-i n-part of U.S. Appl i cati on
Seri al No . 10/286 , 695 f i l ed on 1 November 2002,
the enti rety of whi ch are both hereby i ncorporated
by reference . The present i nventi on i s d rected t
o a composit e compri si ng of at l east two types of
f i bers , preferabl y nanofi bers , wherei n one type
of f i ber bi nds the other f i bers formi ng a f i
ber-fi ber composit e structure havi ng a mean pore di
ameter of l ess than about 1 m . 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 lower than the majority fibers such that when
the admixture of majority fibers and minority fibers
are wet laid to form a paperlike 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 mm
with a porosity of greater than about 35%, and a wet
strength of greater than about 0.013 kg/mm.27247 



Preferably, the majority fibers or the minority fibers
comprise of nanofibers, wherein the nanofibers
comprise of glass, polymer, lyocell, cellulose, metal,
ceramic, mineral, o r combinations thereof.
Preferably, the majority fibers comprise glass,
polymer, lyocell, cellulose, metal, ceramic, mineral,
or combinations thereof. Preferably, the minority
fibers comprise a thermoset o r thermoplastic polymer.
For example, the minority fibers may comprise a
polyolefin, polyvinyl alcohol, an acrylic, or
combinations thereof. Preferably, the softening point
of the minority fibers is at least 25 C lower than a
softening point of the majority fibers. The composite
of the present invention may have a mean pore diameter
of the composite is equal to or less than about 0.75 m
; a bubble point that is equal to or less than about 8
mm . 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,
combination with a high wet strength nanofiber
composite having a mean pore diameter of less than
about 1 mm , 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 above3 the softeni ng poi nt of the mi
nority f i bers , the majority f i bers are coal esced
i nto the hi gh wet strength composit e. Preferabl y ,
the activated carbon f i l ter medium compri ses a
carbon bl ock havi ng a mean pore di ameter of greater
than about 1 m and wherei n the f i l trati on system
can remove protozoan cysts . Al ternati vel y , the
acti vated carbon f i l ter medi um may compri se a f
l at sheet f i l ter medium havi ng immobil ized
therei n activated carbon parti cl es , alone or i n
combi nati on wi t h other active agents , between one
or more substrates , or admixed wi t h f i bers t o
resul i n entangl ement or bonds wi t h the f i bers
wi thi n the acti vated carbon f i l ter medium.
Preferabl y , the nanofi ber composi t e i s the one
or more substrates of the f l at sheet Fi l ter medi
m. Al so , the acti vated carbon f i l ter medium may
be formed i nto a spi ral wound or pl eated f l at
sheet f i l ter el ement . The f i l trati on system
may further i ncl ude a parti cul ate prefi l ter .
Preferabl y , the nanofi ber composi t e can be a
prefi l ter pl aced upstream of the activated carbon f
i lter medium. Ei ther or both of the activated carbon
f i lter medium and the nanofi ber composi t e may
further i ncl ude a m crobi ol ogi cal i ntercepti on
enhanci ng agent . I n yet another aspect , the
present i nventi on i s di rected t o a method of
removi ng m crobi ol ogi cal 



contami nants from a contami nated l i qui d compri si
ng the steps of : provi i ng a f i l ter medium compri
si ng a f i berf i ber composit e havi ng a mean pore
di ameter equal t o or l ess than about 1 mm, the
composi t e formed from a wetl ai d admi xture of
majori t y f i bers and mi nori t y f i bers , wherei
n the mi nor i t y f i bers have a softeni ng poi nt
lower than the majori t y f i bers such that when the
admi xture of majority f i bers and mi nori t y f i
bers are subjected t o a pressure and a temperature
above the softeni ng poi nt of the mi nori t y f i
bers , the majori t y f i bers and mi nori t y f i
bers form a paper-l i ke structure wi t h a porosity
of greater than about 40%; contacti ng the contami
nated l i qui d wi t h the composit e; and removi ng
99. 95% of contami nants havi ng an average parti cl e
si ze greater than about 3 t o about 5 m . The f
iber-fi ber composit e may be a prefi lter for the f i
l ter medium i n a f l at sheet , spi ral wound or pl
eated confi gurati on. Preferably , i n the step of
provi di ng a f i l ter medium, the f i l ter medium
further i ncl udes an activated carbon f i lter medi
um. The activated carbon f i lter medium may compri se
an activated carbon block, and wherei n the f iber-fi
ber composi t e i s wrapped around the activated
carbon bl ock, spi ral wound and i nserted wi thi n a
core of the activated carbon block. The activated
carbon f i lter medium may compri se a f l at sheet
medium compri si ng activated carbon parti cl es
immobil i zed on a substrate . Preferabl y , the f
iber-fi ber composit e i s a substrate of 



the f l at sheet medium. A parti cul ate prefi l ter
may be added upstream from the acti vated carbon f i l
ter medium. The f i l ter medi m and/or the f iber-fi
ber composit e can be treated wi t h a m crobi ologi
cal i ntercepti on enhanci ng agent .Detailed
Description o f the Preferred Embodimerit (s) The f
iber-fi ber composi t e of the present i nvention i
ncl udes majori t y f i bers and mi nori t y f i bers
, wherei n the majori t y f i bers are present i n an
amount greater than the mi nority f i bers . The mi
nori t y fibers are present as a bi nder t o provi de
an adhesive force coal esci ng the majori t y f i bers
i nto the composit e structure when the mi nori t y f
i bers are heated t at l east thei softeni ng poi nt
up t o and i ncl udi ng thei melt i ng poi nt . The f
iber-fi ber composit e of the present i nvention i s
useful as a f i lter medium alone and i n combi nation
wi t h tradi t i onal f i l ter media such as , for
example, acti vated carbon f i l ter media . The t i
ght pore structure of the f iber-fi ber composit e of
the present i nventi on provi des short diffusion di
stances from a f l ui d t o the surface of the
composit e by adsorpti on or di ffusi ve i ntercepti
on making i t an excel l ent medi um for f l ui d f i
l trati on. Preor post-treatment of the f iber-fi ber
composit e can impart properti es such as, for example
, hydrophi i ci ty, hydrophobi ci ty, anti -mi crobi a
acti vi t y , and el ect ro stati c charge . The
integrated paper can be formed usi ng, preferabl y ,
wet lai d paper-maki ng processes for speed and effi
ency . 



The f iber-fi ber composi t e has a mean pore di
ameter of l ess than or equal t o about 1 mi cron ,
and preferably , l ess than or equal t o about 0 .75
mi cron , more preferably l ess than or equal t o
about 0 . 5 mi cron , and can be as low as 0 .2 mi
crons. The bubbl e poi nt , l argest pore si ze, ofthe
composit e i s about 2.0 t o about 8.0 mi crons, but
can al so be l ess than about 2.0 mi crons. The tight
pore structure of the composit e provi des greater
than about 99.95% reducti on of parti cul ates havi ng
a parti cl e si ze of l ess than about 5 mi crons,
whil e havi ng tremendous di rt hol di ng capaci t y .
The fiber-fi ber composit e preferabl y has a thi
ckness of about 0.05 t o about 0.3 mi l l imeters. The
wet strength of the f iber-fi ber composit e i s
preferabl y about 10 t o about 30%of the dry strength
val ue, or greater than about 0. 013 kg/mm. The Fibers
i n the Fiber-Fiber Composite The f iber-fi ber
composi t e of the present i nventi on i ncl udes
majority f i bers and mi nori t y f i bers . The mi
nority f i bers preferabl y provi de an adhesive force
that coal esces the majori t y f i bers i nto the
composit e structure , preferably a f l at sheet ,
paper-l i ke structure . The adhesive force necessary
t o coalesce the majority f i bers can be provi ded by
heat and/or modest pressure . As the average f i ber
di ameter decreases , the pore si ze of the f iber-fi
ber composi t e decl i nes . Compression of the
composit e by cal endari ng wi l l reduce the porosi t
y of the composit e and compress the f i bers t o
further reduce pore si ze. 



The Majority Fibers One or more types of f i bers may
be present as the majority f i bers . Majori t y f i
bers useful i n maki ng the i ntegrated paper of the
present i nventi on are any f i bers that can be f i
bri ated i nto nanofi bers that have a softeni ng poi
nt at l east about 25 greater than that of7 the mi
nori t y f i bers such that upon heat or pressure ,
the majori t y f i bers do not mel t and foul the pore
structure of the composi t e . The f i bers preferably
compri se organi c pol ymeri c f i bers that are
capabl e of bei ng f i bri ated . F bri ated f i bers
are most preferred due t o thei excepti onal l y f i
ne dimensi ons and potenti al l y l ow cost . Such f
ibri ated f i bers ncl ude , but are not l i mi ted t
o , polymers such as polyami de , acryl i c ,
acrylonitri l e; l i qui d crystal pol ymers such as
VECTRAN(r) and ZYLON(r) , and the l i ke ; i
on-exchange resi ns ; engi neered resi ns ; cel l ul
ose ; rayon ; rami e ; wool ; si l k ; gl ass ; metal
; cerami c ; other f i brous materi al s ; or combi
nati ons thereof. Combi nati ons o f organi c and i
norgani c f i bers and/or whi skers whether f bi ri
ated or not , are contempl ated and wi thi n the scope
of the i nventi on. For example, gl ass , cerami c ,
or metal f i bers and pol ymeri c f i bers may be used
together . Gl ass or metal f i bers can provi de addi
t i onal wet strength t o the i nteg rated paper . I n
a most preferred embodiment , f i bri ated yocel l f i
bers are used due t o thei excepti onal y f i ne
dimensi ons and potenti al l y l ow cost . 



F bri l atabl cel l ul ose f i bers can be made by d
rect di ssol uti on and spi nni ng of wood pul p i n
an organi c solvent , such as an amine oxi de , and
are known as l yocel l f i bers . Lyocel l f i bers
have the advantage of bei ng produced i n a consi
stent , uni form manner , thus yi el di ng reproduci
bl e resul t s , whi ch may not be the case for , for
example, natural cel l ul ose f i bers . Fu rther ,
the f i bri l s of l yocel are often curl ed . The
curl s provi de a8 significant amount of fiber
entanglement. As an added advantage, the fibri ated
lyocell fibers may be produced in large quantities
using equipment of modest capital cost. It will be
understood that fibers other than cellulose may be
fibri Hated to produce extremely fine fibrils, such as
for example, synthetic fibers, in particular, acrylic
or polyacrylonitrile (PAN) fibers, or other cellulosic
materials. When produced by a wet laid process from
fibers such 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 less than or
equal to about 0 . However, it should be recognized
that in some cases, Canadian Standard Freeness is not
an ideal measure of fiber size, as in the case of
extremely stiff fibers such as those produced from
liquid crystal polymers such as VECTRAN (r) . In these
cases, the fiber size should be directly assayed using
microscopy. Preferably, a 



significant portion o f the nanofibers should have an
average fiber diameter less than or equal to about
1000 nanometers, more preferably less than o r equal
to about 400 nanometers, and nanofibers less than o r
equal to about 250 nanometers i n diameter are most
preferred. It is preferable to chop the original
fibers prior to fibrillation to a length 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 thisfiber length during the
fibrillation process by avoiding excessive fiber
cutting. The Minority Fibers The minority fibers
preferably have a softening point at least 25 C below
that of the majority fibers, or of the majority fibers
that have the lowest softening point. Preferably, the
minority fibers are thermoset or thermoplastic
materials. Fibers such as polyvinyl alcohol that
dissolve at elevated temperatures in the presence of
moisture are also useful as minority fibers. The
minority fibers can have average fiber diameters above
and below the sub-micron range. As the fiber diameter
of the minority fibers decrease, the amount of
minority fibers needed to coalesce the majority fibers
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
in the resulting fiber-fiber composite.10 Thus, i t i
s preferred , but not necessary , t o f i bri ate the
mi nori t y f i bers such that the mi nori t y f i
bers have si mi l ar Canadian Standard Freeness and
dimensi ons as the majori t y f i bers . Useful mi
nori t y f i bers that can act as bi nder f i bers i
ncl ude, but are not l imi ted t o, polyol efi ns ,
pol yvi nyl hal des, pol yvi nyl esters , pol yvi nyl
ethers , pol yvi nyl al cohol s , polyvi nyl sul fates
, polyvi nyl phosphates , pol yvi nyl ami nes, pol
yami des, pol y des, pol yoxi azol s , polytri azol s
pol ycarbodi des, pol ysul fones , polycarbonates ,
pol yethers , pol yaryl ene oxi des, pol yesters , pol
yaryl ates , phenol - formal dehyde resi ns , mel e-
formaldehyde resi ns , formal dehyde-ureas , ethyl -vi
nyl acetate copol ymer s , co-pol ymers and bl ock
nterpol ymers thereof , and combi nati ons thereof.
Vari ati ons of the above materi al s and other useful



pol ymers i ncl ude the substi tuti on of groups such
as hydroxyl , hal ogen, l ower a kyl groups , l ower
al koxy groups , monocycli c aryl groups , and the l i
ke . Other potenti al l y appl i cabl e materi a l s i
ncl ude pol ymers such as pol ystyrenes and acryloni
tri e-styrene copolymers , styrene-butadi ene copol
ymers, and other non-crystal e or amorphous pol ymers
and structures . Other bi nders that may be useful i n
the present i nventi on as mi norit y f i bers i f
avai l abl e i n f i ber form i ncl ude end-capped pol
yacetal s , such as pol y(oxymethyl ene) o r pol
yformal dehyde, pol y(tri chl oroacetal dehyde), pol
y(n-val eral dehyde) , pol y(acetal dehyde) , and pol
y(propi onal dehyde) ; acryl i c11 pol ymers, such as
pol yacryl ami e, pol (acryl i c aci d) , pol
yCmethacryl aci d) , pol y(ethyl acryl ate) , and
poly(methyl methacryl ate) ; f l uorocarbon polymers ,
such as pol y(tetrafl uoroethyl ene) , perfl uori
nated ethyl enepropyl ene copol ymers, ethyl ene-
tetrafl uoroethyl ene copol ymers, pol yCchlorotri f
uoroethyl ene) , ethyl enechl orotri f l uoroethyl ene
copol ymers, pol y(vi nyl dene f l uori de) , and pol
yCvi nyl f l uori de) ; pol yami des, such as pol
y(6-ami nocaproi aci d) or pol y(e-caprol actam) , pol
yChexamethyl ene adi pami de), pol y(hexamethyl ene
sebacami de), and pol yCll - ami noundecanoic aci d) ;
pol yarami des, such as pol y(i mi no- l , 3- phenyl
enei i noi sophthaloyl ) or pol yCm-phenyl ene i
sophthal ami de); paryl enes , such as pol y-2-xyl y
ene, and 



pol y(chloro-l xy-l yl ene) ; pol yaryl ethers , such
as pol y(oxy-2 , 6-dimethyl -l, 4- phenyl ene) or pol
y(p-phenylene oxi de) ; pol yaryl sul fones , such as
pol y(oxy-l, 4- phenyl enesul fonyl - l , 4-phenyl
eneoxy-l , 4-phenyl - enei sopropyl de ne-l , 4-phenyl
ene) , and pol y(sul fonyl - l ,4- phenyl ene-oxy-1 ,
- phenyl enesul fonyl , ' -bi phenyl ene); pol
ycarbonates , such as pol y- (bi sphenol A) or pol
y(carbonyl dioxy-l , 4-phenyl enei sopropyl dene-l ,4-
phenyl ene) ; pol yesters , such as pol (ethyl ene
terephthal ate) , pol y(tetramethyl ene terephthal
ate) , and pol y(cycl ohexyl -ene-l,4-dimethyl ene
terephthal ate) or pol (oxymethyl ene-1, - cycl ohexyl
enemethyl eneoxyterephthal oyl ) ; pol yaryl sul f i
des, such as pol y(p - phenyl ene sul f i de) or pol
y(thi o- ,4-phenyl ene) ; pol yimi des , such as
poly(pyrome itimido~12 , 4-phenyl ene) ; polyol efi ns
, such as polyethyl ene , polypropyl ene ,
poly(l-butene) , pol y(2 - butene) , pol y(lpentene) ,
poly(2 - pentene) , poly(3-methyl - l - pentene) , and
poly(4-methyl -l-pentene) ; vi nyl pol ymers , such as
poly (vi nyl acetate) , polyCvi nyl dene chl ori de) ,
and polyCvi nyl chlori de) ; di ene polymers , such as
, 2- poly- , 3-butadi ene , l 4,-poly-l,3-butadi ene ,
pol yi soprene , and polychloroprene ; polystyrenes ;
and copol ymers of the foregoi ng, such as acryl oni
tri l ebutadi ene-styrene (ABS) copolymers . Polyol
efi ns that may be useful i ncl ude pol yethyl ene , l
i near low d ensi t y pol yethyl ene , polypropyl ene
, poly(l-butene) , poly(2 bu- tene) , poly(lpentene) 



, poly(2-pentene) , poly(3 m-ethyl -l-pentene) pol
y(4-methyl -l-pentene) , and the l i ke . Preferred mi
nori t y f i bers i ncl ude polyethyl ene , polypropyl
ene , acryl i c , polyester-pol ypropyl ene or
polypropyl ene-pol yethyl ene bi -component f i bers ,
or others can be used as l ong as they have a softeni
ng poi nt l ess than the lowest softeni ng poi nt o f
the majori t y f i bers , and preferably at l east
about 25 l ower than the l owest softeni ng poi nt of
the majori t y f bers . Certai n types of treated pol
yethyl ene f i bers , when properl y treated , as
descri bed below, are optimal , and have the addi t i
onal benefit of not si gni f i cantly interferi ng wi
t h the hydrophi l i c nature of the resulti n g f
iber-fi ber composi t e when used i n modest vol umes.
Preferred mi nori t y f i bers i ncl ude FYBREL(r)
syntheti c f i bers , and/or SHORT STUFF(r) Grades
EST-8 and/or E385F, all o f whi ch are pol yol efi n
based . FYBREL(r) i s a polyol efi n based syntheti c
pul p that13 i s a hi ghly f i bri Hated fibe r .
FYBREL(r) has excel l ent thermal mol dabi l i t y and
provi des a smooth surface t o the f i ber - f i ber
composit e . SHORT STUFF(r) Grades EST-8 and E385F are
both hi ghl y f i bri ated , hi gh densi t y
polyethylene . Al l of these f i bers are commercial l
y avai l abl e from i ni Fibe r s , Inc . , Pi
ttsburgh , Pennsylvani a . Preferred acryl i c stapl e
f i bers can be obtai ned fromSterli ng Fi bers , Inc
. , Pace, Flori da, under the trade designation RES-
Asahi Kasei Corporati on , Tokyo , Dapan, under the
tradename CASHMILON(tm); and/or 



Mi tsubi shi Rayon Ameri ca, New York, New York, as a
3 mi l l imeter l ength fibri 1 atabl e stapl e f i
ber . Preferabl y , one or more types of mi nori t y f
i bers are present i n a total amount of about 1% t o
about 20% by wei ght based on a total wei ght of the
composite , more preferabl y about 4% t o about: 18%,
and most preferably about 5% t o about 15%. I t i s
preferabl e that the bi nder materi al have a softeni
ng poi nt that i s si gnifi cantly lower than a
softeni ng poi nt of the majori t y f i bers so that
the composit e can be heated t o acti vate the bi nder
f i bers , whi l e the composite does not melt and
coal esce thereby l osi ng porosi t y . Methods of
Making the Fiber-Fiber Composite The f i ber-fi ber
composi e of the present i nventi on i s preferably
made usi ng wet l ai d processes for speed and
economies of scal e. I n a preferred wet l ai d
process , a f i ber tow i s chopped t o a specifi c l
ength , usual l y i n the range of about 1 mi l l
imeter t o about 8 mi l l imeters and i n14 particular
in the range of about 3 millimeters to about 4
millimeters. The chopped fibers are fibri Hated in a
device having characteristics similar to a blender, or
on a large scale, in machines commonly referred to as
a "hilow", a "beater" or a "refiner". The fiber is
subjected to repetitive stresses, while further
chopping and the reduction of fiber length is
minimized. As the fibers undergo these stresses, the
fibers split as a result of 



weaknesses between amorphous and crystalline regions
and the Canadian Standard Freeness (CSF), which is
determined by a method well known in the art, begins
to decline. Samples of the resulting pulp can be
removed at intervals, and the CSF used as an indirect
measure of the extent of fibrillation. While the CSF
value is slightly responsive to fiber length, 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 liquid crystal polymers such
as VECTRAN (r) . If the surface area is very high,
then very little water will be drained from the pulp
in a given amount of time and the CSF value will
become progressively lower 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 as15
acryl i c , l ower temperatures can be used t o avoi d
softeni ng the acryl i c f i bers . Enzymes may be
added t o further accel erate the f i bri l l ation
process . The f i bri ated fibers of a gi ven CSF val
ue can be di rectly used for produci ng the f i ber -
f i ber composit e or dewatered on a vari ety of di
fferent devi ces , i ncl udi ng a 



dewateri ng press or belt , t o produce a dewatered
pul p. The dewatered pul p can be subsequ entl y used
t o make a wet-l aid f iber-fi ber composit e. General
l y , for appl i cati on i n the present i nventi o n,
a pul p wi t h a CSF of bel ow 100 i s used, preferabl
y , the CSF shoul d be l ess than or equal t o about
45, and more preferably l ess than or equal t o about
0. A Canadian Standard Freeness below 0 i s achi eved
when the f i bers are f i bri ated beyond the time
needed t o achi eve a Canadian Standard Freeness of 0.
The f i bers can be di rectl y sent t o pul p
preparati on systems t o create a furni sh sui tabl e
for making the f iber-fi ber composit e. To impart
anti -mi crobi al properti es t o the f i berfiber
composit e, the f ibri ated f i bers can be treated wi
t h a mi crobi ol ogi cal i ntercepti on enhanci ng
agent . The f i bers , or the f i ber-fi ber composi t
e i tself , can be chemi call y treated wi t h any
compati bl e m crobi ol ogi cal i ntercepti on enhanci
ng agent known i n the art , wi t h or wi thout a bi
ol ogi cal l y active metal . Examples of sui tabl e
anti -mi crobi al agents i ncl ude, wi thout l imi
tation , any bacteri ci dal agent , bacteri ostati
agent , fungi ci dal agent , fungi stati c agent , or
the l i ke, that are preferabl y effi cacious agai nst
a broad spectrum of16 mi crobes . Specifi c exampl es
of sui tabl e bacteri ci dal/bacteri ostati c agents i
ncl ude , wi thout l imitation , POLYMYCIN(tm),
BACITRACIN(tm), lysozyme , TRICLOSAN(tm), DOWCIDE(tm),
quaternary ami ne sal t s , 



polyphenol s , aci d-anioni c surfactants , amphoteri
c surfactant di si nfectants , bi guani di nes , and
the l i ke . Speci f i c examples of suitabl e fungi
dal /fungi stati agents i ncl ude , wi thout l i mi
tati on , d thi ocarbamates , phthal imi des , d
carboximi des , organophosphates , benzi dazol s ,
carboxani i des, phenyl ami des , phosphi tes , and
the l i ke . A preferred m crobi o ogi cal i
nterception enhanci ng agent i s di scl osed i n
co-pendi ng U.S. Appl i cati on Seri al No . 10/286 ,
695 . The f i ber mi xtu r e can b e di rectl y sent t
o pul p preparati on systems t o create a f urni sh
sui tabl e for paper maki ng . Exemplary of a wet lai
d process i ncl udes mi xi ng a pul p of f i bri ated
yocel l f i bers havi ng a Canadi an Standard Freeness
of about 0 , wi t h 12% by wei ght EST-8 bi nder f i
bers , and about 15% by wei ght MICROSTRAND (r) 110X-
475 i crogl ass f i bers t o f or m a sl u rry i n dei
oni zed water . A furni sh i s formed wi t h about 0 .
5% t o about 2% consi stency . I t i s preferabl e t o
add the m crobi ol ogi cal intercepti on enhanci ng
agent t o the sl urry , i f anti - mi crobi al
properti es are desi red i n the f bi er-fi ber
composi t e as descri bed above . Next , thi s pul p i
s parti al l y dewatered under vacuum and r i nsed wi
t h dei oni zed water t o form a wet l ap . Thereafter
, the f i ber sl urry can be di rectl y used i n the
producti on of the17 f iber-fi ber composit e. I t i s
preferabl e t o send the sl urry di rectly i nto a
paper making machi ne where the 



economies of scal e are easi l y achi eved i n making
an i nexpensi ve f iber-fi ber composit e for use as a
f l at sheet medium. The f iber-fi ber composit e can
al so be densi f i ed duri ng the paper-maki ng
process by passi ng the f i berfiber composit e
through a wet press or through the use of a cal endar
t o achi eve maxi mum densi y i n the f i nal product.
Heated calendari ng of the composi t e promotes f
iber-fi ber bonds resul t i ng i n a densi f i ed
composit e wi t h mi nimal tendency t o shed f i bers
. Exempl ary Appl ications Of The Fiber-Fiber
Composite Many types of f i ltration devi ces and/or
systems ncorporati g the f iber-fi ber composit e can
be imagi ned. Descri bed below are certai n speci i c
embodiments. However, these devi ces are exempl ary
and shoul d not be construed as restri cti ng the
scope of the i nventi on. The f iber-fi ber composit e
of the present i nventi on can be used alone as f l at
sheet media radi al , axi al or cross flow appl cati
ons, and can a o be used i n a pl eated or spi ral
wound confi guration . The t i ght pore structure of
the f iber-fi ber composit e provi des a short
diffusion path and, therefore , rapid di ffusion ki
neti cs of m crobi ologi cal contami nants i n a f owi
ng f l ui d t o the surface of the composite , yet
retai n excepti onal flow wi t h l ow pressure di
fferenti al . The t i ght pore structure al so provi
des suppl emental d rect mechani cal i ntercepti on of
m crobi ol ogi cal contami nants , greater than or
equal t o18 



about 99. 95%i ntercepti on of parti cl es havi ng an
average parti cl e si ze of 3 t o 5 mi crons when the
mean pore si ze of the f iber-fi ber composit e i s l
ess than about 0.75 mi crons as determi ned usi ng an
Automated Capi l l ary Flow Porometer avai labl e from
Porous Materi al s , Inc . , Ithaca , New York.
Bacteri al and v ral intercepti on can be further
enhanced wi t h treatment wi t h any compati bl e anti
mi crobi al agent. Furthermore , the f iber-fi ber
composite can be treated wi t h hydrophobi y or
hydrophi i t y agents known i n the pri or art t o
provi de the desi red wetti ng characteri sti s . When
combi ned wi t h other f i lter media , the f i ber -
f i ber composit e can be used as a prefi ltration
wrap around an activated carbon bl ock f i lter mediu
. The condensed pore structure provi des greater than
or equal t o about 99. 95% i nterception of parti cl
es havi ng an average parti cl e si ze of 3 t o 5 mi
crons such that a carbon bl ock that can onl y provi
de reducti on i n chori ne , taste and odor can now
provi de mechani cal i ntercepti on of protozoan cysts
such as Cryptospori d m and Giardia when used i n
conjunction wi t h the f i ber-fi ber composi t e of
the present i nventi on. The f i ber-fi ber composit e
can al so be used as one or both substrates i n a f l
at sheet medium such as PLEKX(r) avai l abl e from KX
Industri es, L . . , Orange , Connecti cut , and di
scl osed i n Uni ted States Patent No . 5, 792, 513,
whi ch i s hereby i ncorporated by reference . I n the
PLEKX(r) 



"process" , a mi xture of acti v e agents and parti
cul ate bi nder i s l ai d on a substrate such as the
f iber-fi ber19 composit e of the present i nventi on
. Shoul d a water and vapor permeabl e top substrate
be desi rabl e , the f i berf i ber composit e can be
used as the top substrate of the PLEKX(r) materi al as
wel l . The combi ned f bi er-fi ber composit e
PLEKX(r) product can be used as a f l at sheet medium,
pl eated or spi ral wound. A parti cul ate prefi ter
may be added upstream from the f iber-fi ber composite
t o prolong the servi ce l ife of the f i l trati on
system . Such parti cul ate prefi l ter are known t o
one of ski l l i n the art . Al l confi gurati ons of
the f iber-fi ber composi t e wi t h other types of f
i l ter media can be used i n gravi t y or pressuri ze
water f i l trati on systems . Whil e the present i
nventi on has been parti cul arl y descri bed, i n
conj uncti on wi t h a speci f i c preferred
embodiment, i t i s evi dent that many a ternati ves ,
modif cati ons and vari ati ons wi l l be apparent t o
those ski l l ed i n the art i n l i ght of the
foregoi ng descri pti on. I t i s therefore contempl
ated that the appended cl aims wi l l embrace any such
al ternati ves , modif cati ons and vari ations as fal
l i ng wi thi n the true scope and spi r i t of the
present i nventi on.20 Claims What i s cl aimed i s :
1. A composi t e flat sheet medi m compri si ng of: 



majori t y f i bers ; and mi nori t y f i bers admi
xed wi t h sai d majori t y f i bers wherei n sai d mi
nori t y f i bers have a softeni ng poi nt l ower than
sai d majori t y f i bers such that when the admi xtu
r e of majori t y f i bers and mi nori t y f i bers
are wet l ai d t o form a paper-l i ke structure and
subj ected t o a pressure and a temperature above the
softeni ng poi nt of sai d mi nori t y f i bers , sai
d majori t y f i bers and mi nori t y f i bers form
sai d composit e havi ng a mean pore di ameter equal t
o or l ess than about 1 m wi t h a porosi t y of
greater than about 35%, and a wet strength of greater
than about 0. 013 kg/mm. 2. A composi t e of cl aim 1
wherei n sai d majority f i bers or sai d mi nori t y
f i bers compri se of nanofi bers . 3. A composi t e
of cl ai m 2 wherei n the nanofi bers compri se of gl
ass , polymer , yocel , cel l ul ose , metal , cerami
c , mi neral , or combi nati ons thereof . . A composi
t e of cl aim 1 wherei n sai d maj ori t y f i bers
compri se gl ass , pol ymer, l yocel , cel l ul ose ,
metal , cerami c , mi neral , or combi nati ons
thereof .21 . A composit e of cl ai m 1 wherei n sai d
mi nori t y f i bers compri se a thermoset or thermopl
asti pol ymer. 6. A composit e of cl ai m 1 wherei n
sai d mi nori t y f i bers comprise a pol yolefi n,
polyvi nyl al cohol , an acryl i c , or combi nati ons
thereof . . A composite of claim 1 wherein the
softening point 



of said minority fibers is at least 25 C lower than a
softening point of said majority fibers. . A composite
of claim 1 wherein a mean pore diameter of said
composite i s equal to or less than about 0.75 m . 9.
A composite of claim 1 wherein a bubble point of said
composite is equal to or less than about 8 mm . 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
less than about 1 m , 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 of22 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. 12. A
filtration system of claim 11 wherein said activated
carbon filter medium comprises a carbon block having a
mean pore diameter of greater than about 1 m and
wherein said filtration system can remove protozoan
cysts. 13. A filtration system of claim 11 wherein
said 



activated carbon filter medium comprises a flat sheet
filter medium having immobilized therein activated
carbon particles, alone o r in combination with other
active agents, between one o r more substrates, o r
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 o r more
substrates of the flat sheet filter medium. 1 . 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,23 pol ymer, l
yocel l , cel l ul ose, metal , ceramic , mi neral ,
or combi nations thereof . 17. A filtration system of
claim 11 wherein the majority fibers of said nanofiber
composite comprise lyocell. 18. A filtration system of
claim 11 further including a parti cul ate prefi l ter
. 19. A filtration system of claim 11 wherein said
nanofiber composite is a prefilter placed upstream of
said activated carbon filter medium. 20. A filtration
system of claim 11 wherein either or both of said
activated carbon filter medium and said nanofiber
composite further includes a microbiological
interception enhancing agent. 



21. A filtration system of claim 11 wherein said
nanofiber composite has a mean flow path of less than
about 1 micron, and a bubble point equal to or less
than about 8 m . 22. A method of removing
microbiological contaminants from a contaminated
liquid comprising the steps of: providing a filter
medium comprising a fiberfiber composite having a mean
pore diameter equal to o r less than about 1 mm , the
composite formed from a wet laid admixture of majority
fibers and minority27247 24 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 a
pressure and a temperature above the softening point
of the minority fibers, the majority fibers and
minority fibers form a paperlike structure with a
porosity of greater than about 40%; contacti ng the
contami nated l iqui d wi t h the composit e; and
removi ng 99. 95% of contami nants havi ng an average
parti cl e si ze greater than about 3 t o about 5 m .
23. A method of cl aim 22 wherei n i n the step of
provi di ng a f i l ter medium, the f i lter medium
further i ncl udes an activated carbon f i l ter
medium. 



24 . A method of cl aim 22 wherei n i n the step of
provi di ng a f i l ter medium, the f i lter medium
further i ncl udes an activated carbon bl ock. 25. A
method of cl aim 24 wherei n i n the step of provi di
ng a f i l ter medium, the f iber-fi ber composite i s
wrapped around the activated carbon bl ock . 26. A
method of claim 24 wherei n i n the step of provi di
ng a f i l ter medium, the f iber-fi ber composit e i
s25 spi ral wound and i nserted wi thi n a core of the
acti vated carbon bl ock. 27. A method of cl ai m 22
wherei n i n the step of provi di ng a f i l ter
medium, the f i l ter medium further i ncl udes a f l
at sheet medium comprisi ng activated carbon parti cl
es i mmobil i zed on a substrate . 28. A method of cl
ai m 27 wherei n i n the step of provi di ng a f i
lter medium, the f iber-fi ber composit e i s a
substrate of the f l at sheet medium. 29. A method of
cl ai m 22 wherei n i n the step of provi di ng a f i
l ter medium, the f i l ter medium f urther i ncl udes
a parti cul ate prefi l ter . 30 . A method of cl ai m
22 wherei n i n the step of provi di ng a f i l ter
medium, the f iber-fi ber composit e i s a prefi lter
. 31. A method of cl ai m 22 wherei n i n the step of
provi di ng a f i l ter medium, the f i l ter medium
further i ncl udes a m crobi l ogi cal i ntercepti on
enhanci ng agent . 32. A method of cl aim 22 wherei n
i n the step of 



provi di ng a f i l ter medium, the f iber-fi ber
composit e i s one of pl eated or spi ral wound.26 33.
A method of cl aim 22 wherei n i n the step of provi
di ng a f i l ter medium, the f iber-fi ber composit e
i s a prefi ter . 34. A method of cl aim 22 wherei n i
n the step of provi di ng a f i l ter medium, the f
iber-fi ber composit e i s treated wi t h a m crobi ol
ogi cal intercepti on enhanci ng agent . 


