
WO 2012/135679PCT/US2012/031549               NANOF IBER CONTANNG COMPOSITE
STRUG1I CROSS-H_FERENCEDD APPLICATIONS This ana theU.S.Provisional Patent
Appli 61/470705, filed onAttents of whichincorpc,ra d by erce herein.
DESCRiPTiON OF 1HE INVENTION :Field of the !riven ent invention r&ates
generafly to hqindion media. In embodiments, the invention provides a
composite liquid filtration piatfortn and methods of using and making the
same for the retention of microorganisms from a thtered liquid. Back
routIfive             Synthetic polymers have been formed into webs of very
small dia fibers, (Le diameters on theCV microns (um) or ass)., using
various processesmelt blowing,spinning and electroblcring.. Such webs have
been shown to be useful as "liquid barrier materials and filters. Often
they are combined with stronger substrates to form co posites.
[004]Compot,te porous structures are widely used: in fiitrat applicationerm
"composite"aS used hmbiles that a combination of two or more Yr mb nec Of
different pore sizes, poreelegy and/or materials are used createcomposite
porous structure: In memorane filtrationmpla, a oarttpr a can contaor more
porous layers having distinctly different pore structures. By combining two
o more  WO 2012/135679PCT/US2012/031549 



layers of porous maten filtration membrane, ci and mechanical robustness,
By w subsequent layering of separately manufac plc, compositesformed by red
porous"late, casting a second or  more layers onto a preformed first layer,
laminating two or morened layers together, or by co4orming two or more
layerseously, as taught, U.S. Potent No 7.229,665 assigned to EMD Mlliipore
Corporation. (006)F3iophar.maceuticat manufacturing is constantly ook.ng
for ways to operabons, combne and eliminate steps, and reduce the time if
takes to of pharrnaceuticaid rug substances, At the same time, market and
tory pressures are drivrng biopharrnaceuticat manufacturers to reduce their
costs, Since bacteria, myceplasma and virus removal account for a
significant parentage of the total costaceutical drug substance
purification, approaches that increase a mhrone's filtrationthroughput and
reduce purification puxtessir g time are n demand, With the introduction
new p reases in throughput of bacteria,toplasm nd virus retentive
jog'tilted. Thus, dramatic imurovenients in thc permeability of bacteria,
mycopiasma and ViTUS retentive fitters will have a beneficial impact on the
cost of a bacfer'coplas.mavirusfiltration s    [008)Filters used in liquid
fiitration can gene!orized as eitherLit; 



nonwoven media 'filters or porous film membrane filter [0091le liquid
filters or other types of filtration media can be Usedconjunction with a
porous substrate or support.  WO 2012/135679PCT/US2012/031549 uld
filtrationwhich typicallyporeaile fibrous nonwoven media. can be used in:
(a) miorofiltration (IMF). wherein pardcu]ates filtered from a llqutd are
typically in the range of about 0.1 pm to about 10 pm; ion (UF), wherein
particulates filte f about 2 nanometers (nm) to about 0,1 pm; and 10121I,c)
reverse osmosis (R0), whereir filtered from li are typically in the range
of about 1 A to about 10131Retrovi -retentive membranes are usually
considered to be on the open end of ultrafiltration membranes, 10141High
permeability and high reliable retention ameters desired in a hquid
filtration membrane. There is, however, a trade-off between these Fvo
parameters, and for the same type of lie 'id filtration membrane,ention can
achieved by sacrificing permeability. The inherent limitations of
conventional processes for making ligmembranes prevent membranes threshold
in porosity, and Thus limits the magnitude of permeability that can be chie
at any given pore size. 10151s nonwoven llquidfiltrationlude, but are not
limits :on-wove.clia formed from spu,.banded, mlett blown or spunlaced con
hydroentangied nonwoveniacarded staple fiber and the like, and/or 



combinations thereof, Typically, fibrous non-woven media ifn liquid
filtration have pore sizes generally greater than about 1 micron (pm)
1.016]Non-woven materials are widely used in then products Pleated membrane
cartridges usvan drainage layer (for example, see U.S. Patent Nos.74,8&8
and 5552050,  WO 2012/135679PCT/US2012/031549 each assigned to Pail Corpon:
and U.S.Patent N4o. 6598749 assigned to uno Inc, now 3M Purification Inc.)
[017]Non-woven microporous materials can also be used as a supporting
screen for an adjacent porous membrane layer located thereon, such as Nom
xe ultratiltration membranes by EMI) Millipore Corporation, of Billerica,
MA, [0181Nonwoven microporous materials can also be used as sup, skeletons
to cre te strength of a porous membrane located on the nor thlcroporous
structure, such as Milligardim filters also available from EM[) Mdiipore
Corporation. (0191Non 'oven rrucroporous matenals can also be used for
"coarse .-Irefiltmtion" to increase the capacity of a porous membrane
placed downstreamtof the non-woven mioroporous mat al: by removing
suspended particles having diameters that are gene.raily greater than about
1 pm, The porous membrane usually provides a y harrier r structure having a
well-defined pore size or molecular [rationized by expected and validatable
assurance naval (typically 99,99%, as defined by specified tests) of Iiiral
particles. Critical filtration is routinely reiied Eupon to ensure 5tid
drug and liquidbiopharnta manufacturing stages. as well as at point of use,



1.020]Melt-blown and :spunhonded fibrous media or or "conventional nonyens.
Fibers in these traditional norh.i, V. s are about1,000 hm in diameter,
therefete the of ion-w-  than about one micron. The methods of
manufacturing traditional nomwo,vens typically lead to highly inhomogeneous
fiber mats  WO 2012/135679PCT/US2012/031549 such as by eit-band spun-bonhas
led t .6 general assumption yen mats are unsuitable for anyration ofid
streams, and as uch,    devicestionncorporating conventional nonwovens mats
typically use these mats for prefiltration purposes only in order to
increase the capacity of a porous critica brane placed downstream of the
cony'S [0221Another tyoven includes elonspun nanofiber nonwoven hich, like
'traditional' o 'conventional" nonwcvens have been gene d unsuitable for
the critical filtration(See for example, Bjorge et al., Performance
assessment of electrospu,, nano fibersfilter applications, Desahnation,
249, (2009), 942-,948).              Electrospun polymeric nanotiber mats
are highly porous.wherein the 'pore" size is approximately linearly
proportional to the fiber diameter, nd the porosity is relativpendent of
the fib diameter, The porosity of an electrospun nanofiber mat
usualls.ulting in a nanofiber mat that demonstrates dramaticafly improved
permeability  when compared to immersion cast
hickness and pore size rating. The porosity hiantaa electrospun polymeric
nanofiber mats over porous membranes becomes amplified in the smaller pore
size m. noestypically required for virus filtration because of the reduced
porosfty of UP membranes discussed supra. 



N241Electrospun nanofiber non,NOven mats are produced by spinning polyme
solut,ons ors usingric potent rather than meltrusion manufacturing
processes used in making conventional'Ovens The fiber diameters typically
obtained by electrospinning are me rangto 1,000 nrn, and are one to three
orders of magnitude smaller than conventional or traditional non-w enza.
WO 2012/135679PCT/US2012/031549 [025]Electros.ptin nanofiber areby putting
a dissoived o molten polymer materiat.,mt to a first electrode and applying
an electrical potentil such that the dissolved orpolymerI is drawn away 1mm
the first electrode toward a second electrode as a fiber, In the process of
manufacturing elecip spun nanofiber mats, the fibers are not forced to lay
downby Mown hot air or other mechanical meanscan lead to a very broad pore
size distribution. Rather, etectrosnun    adjacent porous membrane that
hasL.RV (i..e., Litt, is defined as loga retention value where 3LRV is
equal to 0999 flitency) for a certatn particle size. WO 20081109117 teaches
that the nanofiber ayiltrat:ion efficiency rating of at least 95% for a
particle size at which the membrane is rated with an    ater. WO
2008/109117 purportsat the role of criticalation is reserved for the porous
membrane, rather than the n WO '3, assigned to EMD Millipore Corporation, 



nanofiber mats hapacificthickness and fiber diameter affer an unproved
combination of quid pefmeability and microorganism retention. Gen mats
offer 2-10 times better permeability than- their porous membrane
counterparts of comparable retention, this isto be a Donsequence of the
nanofiber    ,ven and a nanofiber layer are taught10 200910100  WO
2012/135679PCT/US2012/031549 sto.: and in US Patent Application Publication
No. 2009/0199717 assigned to Clardor Inc., each incorporated herein
byreference in their entirety). In each of these approaches, the roughness
of the surface of the suPPI -brie may propagate into the rianofitior layer
causing potential non-uniformity of the nanofiber structure, thereby
potentially compromising retentioncharacteristics. [029]U.S. Patent No.
7585,437 issued trteaches a nozzle method for producing nanofibers from a
polymer solution using electrostatic spinning and a device for carrying out
the method.              WO 2003/080905 assigned to Nano Technics Co. LTD.,
incorpora herein by reference its entirety, teaches an electroblowing
process, wherein of polymeric solution comprising a polymer and a solvent
is fed from a storage tank to a series of spinning nozzles within a
spinneret to which a high voltage is applied and through which the
polymericdon is discharged. Compressed air,      ially be heated, is
released from ar nozzles disposed in the sides of, or periphery of, the
spinning nozzle. The compressed airtedorally downward as a blowing gas
stream envelopes and forwards the newly issued  polymeric solution, thereby
aiding in the formation of a nanofibrous web, which is collected on a
grounded porous olle.ctiOn belt located above a vacuum chamber. U.S. Patent
Application Publication No. 2004/0038014 to Schaefer et lotne or more
layers of a thick collection of fibers and nanofibers formed by
electrostatic spinning for filtering oonta 



fQ32]U.S. Patent App ation Publication No. 20(o Oree method of forming
electrospun fiber layers on a Substrate layer, th rs with a diameter of
less than 100 nanometers  WO 2012/135679PCT/US2012/031549 Bjorge et at, in
Desalination 249 (2009). 942-948. teach &ectrospun Nylon.      ..flber mats
havingdiameter Of about .50 nm to lOt) aro,. and a thickness of about 120
pm, The measured bacteria LRV for notreated fibers is        et al.
purportedly conclude that bacteria removal fficieney of Enanofiber
electrospun mats is     [34] Gopal et al., in Journal of Membrane Science
289 (200fl 210-219 electrospun polyetheisulfene nahofiber mats. whereinhave
a diameter of about 470 nm. During liquid filtration, the nanctiber mats
act as a screen to filter out particles above 1 pm, and as a depth filter
(e.g., prparticles under 1 micron, [35] Auie" at aL in Journal of
Me.rnbrane Science 315 (2008) 1 1- 19, teach electro_p fl nanofibers
hdiameter of out acei rim tonm used in the removal of polystyrene particles
haying a diameter of about 0,5 pm to 10 pm,     [36] WO 2010/120668 to Choi
at at, teach a nanofiber layer having a 0.2 pm rating: combined with a Much
tighter ultra-high molecular weight PE' membrane having about a oitim
rating), purportedly resuiting in improved retention of polystyrene
particles in the presence of suof the examples provided, the membranes have
higher retention comparednorther layer alone., it appears that
onnofiber layer to the membrane does not result in a moss increase of Lion)
led bubble point and leads to an incremental increase n retention compared
to the membrane itself. As discussed supra, nanofiber mat teachings
purportedly teach using nanafiber mats as a prefilter, and as - the porous
membranes to provide critind retention assurance properties, 



Howevnanofiber mat teachings discussed supra teach using a nahp.r usi
rriernbraneWherein retention  fluids ranging from milliliters to thousands
of litersri filtration processes and devices such that the elect retention
assurance and critical filtration properties, and the porous support ft
rianotiberd On provides prefiltratiOn properties The invention is directed
to othere, as well a objectives and embodiments. MARY OF THE INVENTION The
present invention addresses, among other thingQ., the nonuniformity cies
often associated with composite non-wovens liquid s The new composite
llquid hI ti.o latforms taught herein includ off)ii  oar pos'ctures
havingolymerhofiber layer collected on a porous membrane, such that when
the composite filtration structures are used to filter a liquid or liquid
streams the porous membrane is situated upstream of the polymeric layer.
Although the porous membrane acts as a substrate for capturing nanothe.rs
in the production of the composite filtration atwotures,porous membrane is
pretilter used upstream from the jablytheric nanofiber layer to remove
particles from a  liquid.am flowing through the compo 



-rkin structure That is. the nanotiber  layer is positioned downstren the
porous membrane:used as the retentive    iltration structure as the
prefilter (rather than the nanofibr  WO 2012/135679PCT/US2012/031549 which
heretofore was previously used as the preflRej and the thin; unorm and
small pore size nanoither layer used as the retentive biosafe.ty assurance
layer, the liquid filtration platform tau4 herem exhibits permeability
advantages over conventional porous membranes or anomats spun on coarse
non-way s.        [040] in certain embodiments, the Invention provides a
porous composite media ineluding a porous membrane and a porous polymeric
nanoftbec iayer located on the membrane, wherein the pore size of the
nanofiher layer is smaller than th.e pore size of the membrane.1 104.11 In
other embodiments, theinvention provides porous co
brane and a parou  polymeric na.nafi.b.erlayer located on the are having a
bubble paint as measured With e suitable fluid of at least 20% greater than
the /bubble point of The membrane         [42] In certain emnbodImenis. the
invention r includingmembrane and a porous membrane,rabran   porous
composite media 'iber layer located on the          [43] In other
embodiments, he invention provides a porous corn including a porous
membranelymeric nanofiber lyer located on the membrane, wherein the
nartofiber layer is symmetric.   [0441 In still other embodiments. the
invention provides a porous Cam:  media including a porous membrane and a
porous polymeric nanofiber layer located brane, wherein the nanofiber layer
is an eiectrospun mat,       1045] in other embodiments,the invention
provides a porous composite media inciucting a porous membrane and a porous
polymeric nanotiber layer located on the 



WO 2012/135679PCT/US2012/031549 membrane, wherein the nanotiber layer
comprisesa blend of polymers, copolymers, and mixtures thereof. 8. In
anotherAildes a porous composite media  l.neluding a porous membrane nd a
porous polymeric nanefiber layer located on membrane, wherein the nanofiber
layer comprises an aliphatic polyamide. In another embodiment: the
invention provides a composite liquid filtration
membrane prefilter and a crfiltration poro nanofiber retentive layer
collected on the membrane. The thickness of the porous nanofiber layer
ranges from about 1 urn to about 500 pm. The effective pore size of
porousfiber layer is generally defined by the fiber diameter, which is
chosen based on the desired microorganism or particle to be retained. The
effective pore size Of the porous nanofibers measured by bubble point test
provided infra, ranges from about 0.06 pm for ietrovirus removal to about
0.6 pm for bacttria removal.     [48] In another embodiment, the invention
provides a composite liquid flit platform including an elect pun porous
nanofiber layer having thickness ranging from about10 pm to about 500 pm.
[49] In further embodimentsinvention provides a corniquid filtration
platform including a porous electrospun nanofiber layer having thickness
ranging from about 20 pm to about 300 pm. in still other embodiments. the
invention provides a composite liquid        n ptatform including a pomus
electrospun nanofibno thickness ranging from about 50 pm to 200 pin,
[051] In another embodiment: the invention provides porous composite media
for liquid filtration including a porous asymmetric membrane having a tight
side, an open side and a porecreasing in size between the tight side and
open side, and a  



WO 2012/135679PCT/US2012/031549 porous polymericon the tight side, wherein
the pore size on the tight side of the membrane is largerpore size of the
polymeric nun       [052] in certain embodiments, the invention provides a
composite filtration deviceal liquid filtration including a prefilter
having a porous as 111 membrane having a tight side, an open side and a
pore size increasing in &z the tignand op'live filter having a porous polym
layer located on the tight side of the asymmetric membrane, wherein the p
ide of the asymmetuc membrane is larger Than pore size of the poly!'c
nanafiber layer. [053]In another embodiment. the present inventionis
directed to a process  of porous composite liquid filtration platfonlone or
more porous  electrosr Fit n:ar)ofihers formed from a polymer solution
using an electrospinning apparatus, and subjecting the solution to an
electric potenti than about 10 kV, and collecting The electrespun polyraer
fiber(s) on a porous suppor    and uniform porous nonefiber mats typically
have greater retenti nandfiber mats having the same thickness and
permeability would have greater pa removal properties when produced on a
smoother membrane surface than on a coo se non-woven. Alternatively.,
porous nonofiber mats of simar retention would be thinner and more
permeable if produced on a smooth membrane. ter embodiments, the invention
providesoornpoeih a a n device including porous composite liquid filtration
platform having  WO 2012/135679PCT/US2012/031549 



liquid filtration composte rnediurig an etectrospumenus naiber retentive
biosafety assurance layer disposed on a porous membrane substrate
prefilter,              In still another embodiment the inventon provides a
liquid fdtrahor platform having a porous composte medium inn:tiding a
critical bosatetv Dorous nanofiber layer coliected on a porous prefilter
membrane: The composite liquid filtration Pled to filter a liquid stream
and capture, among offer substances, microorganisms like bactena:
mycoplasma or viruses that may be present in the The liquid filtration
platform a compfishes this by havng the lquid stream first encounter the
porous prefilter membrane component on the porous composite medium followed
by encountering the retentive nanofi er layer for critical filtration by
capturing microorganisms, mycoplasma or viruses downstream from the
prefilter layer:    [056]Additional features and advantages of the invent
\Till be set forth in the detailed description and claims, which follow,
Many modifications and variations of this invention can be made without
depart?ng from its spirit and scope, as wfii be appare those skilled in
this to be understood that the foregoing general description and the
following detailed description, thewellthe appended drt piary and
explanatory on, and are intePl ice an explanation of various embodiments of
the present tea 1iific embodiments described herein are d by way of example
only nd a' ot meant tRing in any way,  WO 2012/135679PCT/US2012/031549
BRIEF DESCR PTITHE DRAWINGS accompanyingre incorporated in and constitute a
specticaon. llustrate the presentiy contemplated embodiments of the
hivenhon and, togetherthe description, sewe to expa.n the princpes of the
Figure I s a schematc of the process.ieotrospinning a nanofIher onto -b
according to one embodiment of the i              Figure 2 shows an eertron
mcrograph of a composite quid ftraton patforrn ace rd.ng to an mbodimeat of
this invention featuring a porous cornposte filtration structure having
polymeric nanotiber layer collected on a porous membrane. [060]Figure 3
depicts a comparison of IPA bubble points of a composite liquid 



filtration platform'ding to an embodiment of this invention featuring a
porous composite filtration structure having a poiymeric nanofiber layer
collected on a porous membrane, and a comparative >temple of a nnofibex mat
deposited on a coarse nonwoven for the same spin. timestherefore same
tflktkness of nanoflb.er m    [0811Figure 4 depicts a cof water
perme..ability for nanolibers with simitar mycoplasma retention (> 9 LRV):
a comparative ex spun on a coarse non-woven and a composite liquid
filtration pattorn embodiment of this invention featuring a porous
composite flfliation structure having a  polymeric..nanotiber layer
canceled on and myc.opasma retenti embodimentinventi,o polymeric rmnotther
mat spun on 3 M [063  nernbrane spin trme.po'nt, accord  ation stcuctve
having a porous asymmetric 0.45 pm rnted membrane  WO
2012/135679PCT/US2012/031549 thrnniuta r-(> 9 LRV):a natiofiber mat spun on
coarse noncomposite liquid filtration platform according to an embedime
mposite filtration stg a polymeric can 



layer collected on a porous membrane. [0:04]Figure 7 depicts a
comparisonnartofibers with similar retrovirus retention (1> 6 LRV):by'
example of a nanofiber mat spun on coarse non.wcWen and a composnon
platform according to embodiment of this 'hen feattporous Compositeon
structure having a polymeric nanofiber layer collected on a porous
membrane. [0651Figure 8 depicts filtration capacity comparisons of a
composite liquid filtration platform according to an embodiment of this
invention featuring a porous composite filtration e1g a polymeric nanotiber
layer collected on a porous mbrane vs. a comparative example of a nanofiber
mat spun on coarse non-woven of r diameter and similar retentionycopiasma (
9 tyy). .DESCRIPTION OFT HE EMBODIMENTS      [66] All publications. patents
and patent applications cited eh. supraare hereby incorporated by reference
in their' er as if each individual publication, patent of patent
applicaticfi Ily and individually indiCated to be incorporated by
reference.      [67] Before describing the present invention in further
detail, a number of terms will be defined. Use of these terms does not
limit the scope of the invention but only serve to facilitate the
description of theinvention, As used herein, the singular forms is the
context clearly dictates etheiwise.  WO 2012/135679PCT/US2012/031549 For
the purposes of this specification and appendedfrier 



values expressing  quantities ofedients, percentages proportions of ma
reaction conditions, and other nut to be understood as being modified in a
instances by th essly indicated Accordniess indicated to the cantnerical
parameters    he inventiapproximations, the ri..urnencal values set forth
in the spe examples ad es.precisely as .possibie. Moreover. all ranges
disclosed heren  are to be range value of  0 d to encompass flci imu"
subsumed therein. For example; a es between (and including) the minimum all
subranges having a  minimum value of equal to or grrid a ri-saxirriiue of
equal to or less than 1 [0711d herein, 'membranes are defined as porous
bicontinuo 



structures, most commonly preparedcasting a polymer dispersion or so,utio
desired shape, where the porous structure is formed by the so called "phase
invsmaior(       s. Those skilled in the ad wiD readily recognize that
phase inversion can be accomplished, for example, by inducing polymer
precipitation in contact wth gas phase, liquid phase or by temperature.
Nonlimiting examples of the desired shapes of the membrane include hollow
fiber: flat sheet, or other articles. Fibrous materials, such as woven and
non-woven fabrics or mats, usually have a disconth ri by ihdividW fibers
entangled together. Fibrous mate classified as Membranes. LiQUS SCA phase,
) re generally not  WO 2012/135679PCT/US2012/031549 [072]ed herein.. as
ymmharacterized by having the pore size of themembrane vary.as a fuwithin
th hickne s of the The MO commonetricclient structure, in which      SIly
and continuallyfrno surf e (often reFerred mc as the 'tight" side) to the
other (often referred to as the "open" side). Asymmetric membranes
generally have a higher flux thanmetric membranes of:able thicicness -
retention. When used in the configuration with their larger pore Side
upstream, asymmetric mme greater throughput in merry cases as compared to
comparable symmetric membranes. See for example U.S. Pat. No. 4,261:834:
issued to D. M. do Winter.on Apr. 14, 1981. Asymmetric membranes have hick,
dense surface regionmany case a skin forme into its depth, e.g a tight
surface. See, U.S. Pet, No. 4,629;563, issued W 'Vra&c on Dec.986. The
termdering" refers tob trrough a nip between two rolls, The rolls may be in
contact with each other: or there may be or variable gap between the roll
8udaces 10741The termsmedium'', "filter media' "fiftration media,n 



medium' referor collection of Ematerial: thr microorganism contaminant
passes, wherein microtdeposited in or on the material or collection of
material.    [75] The terms 'flux' and "flow rate" are used
:r:ierchangeabiy to refer to the rate at which a volumei passes through a
filtration medium    [76] The term lanoriber" refers to fibers having
diameters or cross-sections generally less than about 1 pm, typically
varying from about 20 cm to about 800 nm.  WO 2012/135679PCT/US2012/031549
[0771The terms optional omean that the-qty described event or oircior may
not occur, an.d that the description includos instances vent occurs and
instances where it does riot.. The corn site liquid Fifiration platforms of
the present invention inciude, Pa for example, a composite liquid
filtration muring a porous etectrospun nanofiher liquid filtration layer
deposited on a porous membrane substrate. The elearospun 'rranofiberS
preferably haher diameter of abo ean pore size ranging9t 0,05 pm to about 1
pm, a porosity ranging from about 80% to about 95%, a thicknepal to about
100 pm, preferably from about 1 pm and about 00 pm, more preferabty beteen
1 pm and 20 pm, The composite liquid filtration platforms taught herein
have a water permeability greater than about 100 LMHipsi. [0791En addition
the composite liquid filtration platforms taught herein have a high
retention anisais providing at least 3 LRV retro irus removal and at 



RV of bacteria andoplasma, arid oreferably at least 6 IRV of removal and at
!east 9 LRV of bacteria and mycoptasma. [080]The electrospun nanofibe.rs
are prepared from a b:road range Of polymers and polymer compounds.
including thermoplastic and tl'termoettlng polymers. Suitable polymers
include, but are not Hmited to, nylon, polyitnide, aliphatic
polyamide..aromatic polyamide, polysulfone, cellulose: cellulose acetate,
polyether sulfone, polyurethane, poly(urea urethane): polybenzimidazole
(Pel): polyetherimide, poly crylonitrile (PAN), poly(ethylene
terephthalate), polypropylene, polyanilinethylene oxide), poly(ethvlene
naphthalate), poly(butylene terephtnalate), styrene butadiene rubber.
polystyrene. poly(vinyl chloride), poiy(ylnyl alcohol), pcily(vinylidene
fluorinyi  WO 2012/135679PCT/US2012/031549 botylene)ryme imethaerylate
(PMMcopolyrners, derivative compounds blends and/..eitions thereat.
[061]Th.e term "pore size"Live pore si herein,e porous stru :illy@ of its
abilityretain particles of a certain size. The effective pore size of a
membrane or eiectrospun mat can be measured us'anal techniques such as
bubble point, pbroMetry, and 'challenge test with particles of a cerlain
size. While several methods ca be used to determine the pore size and each
can produce a slightly differ measurement,e measurement method is useda
comparison s made between pore sizes at different siror example between ai
an electrast.un mat, DESCRIPTION OF THE EMBODIMENTS [082)Fig schematicafly
depicts oneort of the present em n the composite iiquid filtration platform
includes a composite liq medium having an. electrospun porous ,,anofiber
mat 60 made from a single electrospi polymeric nanohher.The single
nanofiber is made by a single pass of a moving collection apparatus 30
positioned between a charged rotating drum 20 and a collecting 



de 35 through the electrospinni g process. It will be appreciated that a
web or mat can he formed by one or more spinning drums 20 running simult
above the same , collection apparatus 30. 10831In Fmoving collection
apparatuspreferably a moving collectionned within an electrostatic field
Gen the spinning charged rotating drum 20 and the electrode 35. The polymer
soution 10 can be s  WO 2012/135679PCT/US2012/031549 ha l:from a high
voftaqe source40. such that an electrospu is produced in the electric field
50 [084]In other embodiments taught herthe &lectrosptin fibrous mat 00 is
formed by deposting e,4 rit-ctspun-fiber-don solution. The resulting
nanofiber mat preferably has a basisbetween about I gim and about 20 igirt,
tired rna dry basis, (i.e., a4 al solvent has evaporated  e- removed)
-trier embodiments the composite liquid filtration platform includes
variety of porous single or multilayered membrane substrates or supports
that Clifl be arranged oh a moving collection belt to .collect and combine
with electroSpi Enanofiber(S) forming an electrospun nanafiber : Nontirri
.g examples ofed porous substrates supports include O:iOu5 film membranes.
Porous film membranes re produced                 aistic polymers;
including poiyamides. polysulfones, polyvinylid
fluoride,polytetthyleeltulose.i.cellolose esters, polyacrylonitrile,
Methods of producing porous film 'membranes include solution phase
inversion, temperature -induced phase.separa on (TIPS), vapor-induced phase
separation (VIPS).* solvent and chemical etching. rbOu temperature and
heat-assisted biaxial stretching, nbinations thereof. 



[087]The surface roughness of V"e porous embrane substrate composite
filtrationa that captures oracts lbs eleotte pun.inanotibers was Observed
to atthe prop-$ in the resulting nanofiher layer of the final cemoosit
iitrattoitune, For example, we have observed the surfacetrate used to
collect the lectrospun nanofibers tl  WO 2012/135679PCT/US2012/031549  n
collected thereon fii  ded nonWover.. substrate used to coHeot the el.spun
nanofibe.r  tO dirWtly transfer onto the resulting un nanalayer layer
owever. such pattern imprints.n when an eiectresprin collected on a porous
membrane substrate having -a smooth  purr nanotiber layers collected on the
smooth membrane sulted in a "featureless nanofiber !aye formed thereon.
[88] In certain embodiments of the composite liquid filtration Waif()
herein, an electrospun nanciber layer is bonded to a porous membrane
substrate or 4inding mled by methods well known t ,e atia but not limited
to thermalOnIgo between heated smooth nip rolls. ultrasonic bondihg,    d
through gas bonding, Bonding the electwspun nanofiber layer to the membrane
support increases the strength of thesite, and the corm..ression resistance
of the composite, such that the resulting composite filtration medium is
capable of withstanding 



forces associated with forming the cornpositash and sizes, or when
installing the composite filtration platform into a filtrationvice.  [89]
In otherembodiments of the composite liquid filtration latform taught
the physical properties of the porous eleotrosoUn nanotiber layer Such as
thickness, density, and the size and shape Of the pores may be affected e
ending on the bonding methods used between the .nanotiber layer and the
membrane support. For instance, Ii eunal calendaring can be used to reduce
the thickness and in density and reduce the porosity of the eleotrospun
nanotiber layer,and reduce the size of the pores. This in turn decreases
the flow rate through the composite fiitration L:um at a given applied
differential pressure.  WO 2012/135679PCT/US2012/031549 [90] In
general,ultrasonic bonding will bond to a smaller area of the         pun
nanofiher layer thanlendaring, and therefore has a lesser of an thickness,
density and pore size electrospun nanofiher la [91] Hot gas or hot air
bonding generally has mthimal effect on the density and porethe electrospun
nanoflber layer, therefore .y be preferable in applicationsmaintaining
higher fluid flow ratedesired When thermal calendering is used, care must
be taken not to overoond )spun nanofiber layer, such that the nanofibers
melt and no longer ret In the extreme, over-bonding will result in the nano
g completely suchfilm is formed. One or both of the nip rolls used is
heated to a temperatubetween about ambient temperature,: e.0,, about 25C
and about 300C. The porous a.nofiber medium and/or porous support or
substrate, can be compressed between the nip rolls at pressure ranging from
about 0 lb/in to a (178 kg/cm), 



Calendering conditions, e , roll temperaturenip pressure and line
canadjusted to achieve the desired solidity. In general application of
higher temperature, prfloe time under elevated temperature and/or pressure
results in ncreased solidity, [094]Other mechanical steps, such as
stretching, cooling, heating. sintering. annealing, reeling, unreeling, and
the likeoptionally be process of forming, shaping and making,o posite
filtration medium as desired                      osity of the composite
filtration mediut taught herein can he modifieralendaring, wherein e
porosity ranges from about 5% to a ic  WO 2012/135679PCT/US2012/031549
1096]in certain embodiments of the composite liquid filtrationplatform
taught herein, the porous me.ubstraused to collect the e'erpun
ye or pmbrane adjacent another layer of a porous membrane. For example.
layering of the porous membrane substrate improves particle retention,
Layedng porous membrane substrates of the same different compositionused to
improve the composite filtration medium throughput. Other
considerationsoosing a niuitkayered porous membrane mposite hquid
filtration platform include ecdno           posite liquid ffltration media,
the processes used to manufacture the liquid filtration device where the
composite it!media may he installed, ease of sterilization and validation.
The porous membrane substrates used to collect the electrospurt nanofiber
layer(s) can be a sincile-layer or in a multi-layer configuration, wherein
the preferred umber of layersthat make up the porous membrane substiate
often selected based onI COtl erations. 



(098jAddthonally, thebenefits of the composite liquid filtration platform
as taught herein were observed to be more pronounced at lower nanctiber mat
thicknesses, and Therefore shorter spin times. These benefits can also be
utilized on a    sang web that will directly translate into faster
production line speeds. By spinning the narsofiher iyer C:41 a smoother
support surface the same bubble point was observed to be achieved but at a
lower nanobber layer thickness. These advantages result in economic eneer
production 'ate, and in greater permeability of a thinner nanofiber [099jIn
other embodiments tau hI..herein, the composite liquid filtration p includ
[0100}1)a porous membrane suppot whch does not demonstratetention of a
retrovirus n a single :ayer. such as [01011the 0,1 pm rated Millipore
prmembrane avaUabe from EMD MWpore Corp lion, Bifierica, MA, [01021the
Retrapore membrane avaHabe from Erw Mpore Corp()MA, or [0103]fir) the 0.45
pm rated nylo.n membrane60 pm rated nylon membrane by Membrane GmbH
Wuppertal, Germany. and [01041a poiyrelectmspun nom-Aber layer, deposited
on the porous membrane support, and havingssI hetraVires retention at
higher permeabUfty. filtration capacily (due to porous fliemhrne prefUtr
and lower nanofiber production cost (due to the low nanoflber ayer
tifickness).    [0105jto prove the throughput of electrospun nanon-woven
mats, electrospun nonotibers are produced by collecting the nanofibers on
the fight side of an asymmetric porous support membrane. The final.
structer I the composte qud filtratiLJrm nckides a composite filtratien
Medium conStroc e uch that the 



pa IS Sort mer r.bE1gg.e 'pores in its tightest portion as compared to the
porelectrospan nanofiber layer, so that the porous support membrane serves
as a prefilter and Is located upstream of the electrespu lianalayer. In
agenlent of the compositepiatform, the asymrnethc porous support membrane
of the compomedium provides the refill:radar capabilities, and the elospun
hanofib.er layer prov des the0ism retention,    [01 Two non-limiting
examples of the composite Uqud thtraton platform t a herein iliolude 1) a
composite fUtration structure or medium featuring a rnycopasma retentive
nanofiber mat (0.'1 am-rated) deposited on a CS pm rated prefHter porous
WO 2012/135679PCT/US2012/031549 membrane suppoft such as Millipore ExpreEMD
MiHi Corporaland 2) a retroviru Hmoval nanomat (pore .s,r
urn rated porous membrane support, such as Millipore Expr ShIN membrane by
EMD Millipore Corporation, Buenos, MA             While the composite
liquid filtration platform featuring a crefiltration porous support
membrane and a microorganism retentive nanofiber layer exhibits co
retention of microorganisms provided thereon, neither the porous support
membrane nor the nanotiber cornpcn t of this composite are required to
demonstrate complete           retentionsmwhen tested alone. By way of a
non-limiting example, a partially bacterial retentive nanofiber layer is
spun On a partiarly bacterial retentive prefilter porous membrane supper;
having a 0,5 pm rating, such as Millipore ExpresS- SEC filter,EMD Millipore
Corporation., Billerica, MA., Process for producing electrospun nanolibers
10109]The processester making the electrospun nanotiber layers are thu
)20051024101, WO 2000/131081, and WO 200811 direly, and each assigned to
Elm oo., 



of Liberec, Czech Republic. 101101WO 2005/024101, tit!ofibres Production
Pro                 Using a Electrostatic Spinning And A Device For
Carrying Out The Method', teaches, for example: producing nanothers from a
polymer elution inside a vacuum chamber using electrostatic spinning in an
electric held created between a hargod lc rode e a counter eledrode having
a drffereril potential, 11]The polymer solution is held in a
containerclymer        inlet and 'outlet. The inlet and outlet serve to
circulate the polymer solution and maintainpolymer solutionConstant height
level intainer.  WO 2012/135679PCT/US2012/031549 [0112]An auxihary drg air
supply, which can be heated if needed. is located between the charged
electrode and the counter electrode One side of the r charged electrode is
immersed in the polymer solution such that a portion of the soi  "o is
taken up by the outer surface of the rotating charged electrode, and spun
into the region of the vacuum chamber between rotating the charged
electrode and the counter electrode where the electric fieki isThere
th&lotion forms Taylor cones havinq a high stability on the surface of thed
electrode which Fits locatiorairy formation of the nanofibers The countes a
cylindrical surface made of a perforated conducting materialof a vacuum
chamber connected to a vacuum source, Part of the surface of the counter
electrode located near the rotating charged electrode serves as a conveyor
surface for a backing fabric material which sup elect :spun nariofibers
wheneoking fabric support material i.s positioned on an unreeling device
arranged on one sideof the vacuum chamber and on ranged on the other side
of the vacuum chamber. 141The effects Of theeld cause the formed banolibers
to drift away to the counter electrode, and are consequently deposited on
the surface of the backing ic supporting material into a nanofiher layer
The thicknessOfiber is 



controlled usi electrode The d ity of the unreefin; and the eling devices.
notibers away of the charged electrode to the counter strearrung of air
sucked into the vacuum chamber and passing  along the polymer solution
container and the chitd passing through the backing fabric presenting plane
supporting material ofnefibekts and the counter Test Methods  WO
2012/135679PCT/US2012/031549 Basisietermined according to ASTM procedure
D-3776, "Standard Test Methods for Mass Per Unit Area (Weight) of Fabric"
which is incorporated herein bin itsad reported gima, 101181Porosity was
calculated by dividing the basis weiqi:pie n gim by the polymer density in,
by the sample thicknes:plying b  100, and subtraRing number from 100, te.,
por"0 [basis viteightt(density xthickness) x 100). [01191Fiber diameter was
determined as follows: A scanning electron  icrosoope SEM) image was taken
at 40,000 or 60,000 timesmagnification  side of nanofiber mat sample, The
diameter of ten (10) clearly distinguis able                      ured from
each SEM image and recorded. Irreguiarities were not included (Le., lumps
of nanofibers, polymer drops! Intersections of nanofibers, etc The average
fiber diameter h si:des of each sample was aged to result in a single
average fie for each sample. 



101201Thickness wasinod according to ASTM proce go Di  Standard Test Method
for Thickness of Textile Materials", which is incorporated herein by
reference in its entirety, and is reported in micrometers (pm). (0121jMean
flow bubbe Point was measured according to ASTM procedure E 1294-89.
"Standard Test Method for Pore racteristios of  1, Filters Using Automated
Liquid PonosIby using automated -ubbl pain, method from ASTM Designation F
316 using a-built capillaiy flow porosimeter. in principle sithilar to a
commercial apparatus from Porous Materials, Inc, (PMI), Ithaca, N.Y.
Individual samples of 25 ram in diameter were ,tted with isopropyl alcohol.
Each sample was placed in a holder, and a differential pressure of air was
applied and the fluid removed from the sample. The differential pressure at
which wet  WO 2012/135679PCT/US2012/031549 flow is equal to onehaft the
d(flow without wetting  the mean flow pore size usng software supplied by
PMi. [0122)Aux is the rate at which fluid passes through the sample of a
given area and was measured by passing deionized water through filter
medium samples having er of 47 (9.6 cm 2 filtration area) mm The water was
forced through the sanipkts using about 25 in Hg vacuum on, the filtrate
end via a side an The effective pore size of the electrospun mat was
measured usin iembia e technques such as bobble point, liquid-liquid porome
Ilenge test with particles of certain size, It is generally known that the
effective pore fibrous mat generally increase, with the fiber diameter and
decrease with porosity. 101241Bubble point test provides a convenient way
to measure  effective pore 



ble point is calculated from the following equation: 101251.where P is the
bubble point pressure, y is the surface tension of the probeis the poreand
0 is the.id-s id contact angle,    (012$1Membrane manufacturers assign
nominal ore size ratings to commoroici membrane fllters, which are based on
their retention characteristics. il0-1271Retrovirus retention
Retrovirus retention was tested usng the following test method. The
bacteriophage PR772 challenge stream was prepared with a minimum titer of
1, pfulmt. in a phosphatesaline (PBS) solution. Porous media be tested were
cut in 25 mm discs and seided polypropylene devices of the same type as the
0OtiScale 25 aisposable capsule filter devices commercial!y availabl from
EMI) Thore Corporation, The devices include an air vent to prevent air
locking, and have  WO 2012/135679PCT/US2012/031549 f 3.5 cm2. These devices
were then chaenqed by the abo       tioned stream at 5 psi pressurwet by
water at 5 psi pressure. The test 00 rut of filtrate, coilection or after 4
hauL offiitmUon. wt 'never ion of bacteriophages in the initiai and final
feed were conducted oniplatesi incubated overnight using a ton values
i(LRV) were icalculated. [01291INeoplasma r y count espon    [o3Or3
MycOpiliaisma retention was measured by challenging the tiimbranes
8.77'10forming units per square cm ofmembrane (CFUI A) Th were challenged
with 50 ml of diluted Acholeplasma laidhen      -id with 50 ml of
mycoprasma buffer for a total of 100 ml. Theml was tin 



filtered through a 0.22 pm ateriUzatiori membrane. Then, the procedure as
taught 2009/032040, assigned to FMD Milhipore Corporation, E3ilierica, MA,
was followed, in a method for retention testing stealornprises: a)
providing a stock of A.b) growing up the stock of A. laidlawibout 24 hours
or less in a  Ic serurth medium that supports cell growth to a p logy where
thecells are small, degraded and sph producing a bacterial culture; c)
challe ng a le:: ter by filtering the beet-  through the test filter at a
known challenge level, thereby producing a filtrate downstream of the test
filter; and d) detecting concentration of A. laidlawii Serum-free growth
media for cultivating or storing A laidlawii are also described.
[0131]Brevundimonas diminuta (B. diminuta) retention was measured in
accordance with ASTM prat'.Fn8-83, 'Standard Test Method for Determining
WO 2012/135679PCT/US2012/031549 [0132]Nanofiber samples were produced on NS
Lab 200. (E:mare() s.r.o.         CZ..), a lab scale tool where rionclibers
are collected on a porous support fixed over the spinning electrode Samples
prepared on hinstrument will he referred to is static mode".
produced on a NS 3Wi0001), (Eltereo S.r,c. Liberec, CL), retrofittedt"IA,
samples were produced continuously in a roll to roll basis
wheresubstratespin electrodes at a constant speed. This sample preparation
meth de" in the Examples. [0134)Hereicompositefiltration platform will be
described in more detailin the tollThe examples of the present invention
will 



demonstrate thasite elespun nanotibet mat can simultaneously possess both
high permea lilt and high retention of bacteria, mycoplasma, or r Examie 1.
Comparison otelectrospun..ts produced on a non-woves on nanoliber mats
produced a membrane. [01361Tllquid filtration platforms provided herein
include nanofiber layers made by elecirig a. solution of Nylon 0 polymer.
The Nylon 6 is supplied by BASF Corp"ark, NJ" USA. under the brand name
tiltramid 824. spinning solution was prepared by mixing 13% Nylon
(Ultramic? grade 824 Nwith a blend of acetic acid, formic acid and saht
ratio) fbi about S hours at C. The viscosity of the resulting solution was
about 100 cP. The solution was nediately spun using aspinning electrode
tinder 52kV electric field at di- collection times (spin ill For no, led
pun on conventional non-woven suppo spunbonded polypropylene material,
available from  WO 2012/135679PCT/US2012/031549 ATEX IniUe, CA. USA under
the branBPP 30 gsm, was used. 101381 For nanotibers spun on-ous membrane. a
022 PM rated asymmetri 



sterilization grade PES membraneavailable as Express' SHE from EMD
rviiThpore Coro(used, [0139] The average fiber diameter of the electrospun
mat produced was about 0 nrn, In an effort to quae property changes
associated with the differnt materials us'rnanofiber mat collection the IPA
bubble point, as defined above, of the composite structuresfunction of
spisis >usually directly proportional to anofibwC"'easured,      10140]
lure 3 depicts: he BP increase of 25 nm poyarnide fibers spun on a nonwoven
vs. anpolyaMide nanofib r spun on an asymmetric 0.22 pm rated membrane.
nufacture of m.ycoplasmareterliquid fittraUon pchiding a composite
tuikration medium featuring a nanofiber layer and a support m [01421The sng
solution was prepared by mixing 14% Nyion 6 (UltramIdal B27 E 01) solution
with a blend of acetic acid, fonacid and waterweight ratio) for 5 bows at
80t. The solution was immediately spun using a 6-wire spinning electrode
der 82kV electric field. The non-woven supported mats were spun in static
mode with a spin time of 45 minutes, The porous membraneinanofiberta
samples warbstrate, a membrane with a 0.5 pm rating (prefilter layer of
Millipore Expres SHC filter, EMD Millipore Corporati Billerica, MA),
wapinning electrodes at a constanta fiber layer was peeled off the
:non-wove ubstrate for testing. When the n notiber v  WO
2012/135679PCT/US2012/031549 



electrospun on a menno, the Inembopt together with the nanoliber i
subsequent testing. Next, disk sacut and olaciolded devices described above
for retention testing. Figure 4 shows permeabilio aie.. broplasn  net 9 L
RV): nanofiber mat Spun on coarse non. ten and  [0143]Example 3.
Investigation of spin time in manufacturecoptasiiria-
ITlgure 5 depicts rnycoplasma retention Increase with the increase in the
thickness of nanofiber layer. A composite sample for nycoplasma retention
comprising a inem.hrane with a 0.5 pm rating (prefiiter layer of Millipore.
Express SHC filter, EMU Millipore Corporation. Billerica, MA.) and a
nanofiber layer were proven to be fully retentive at spin times at and
above 2 minutes    [0144jExample 4. Manufacture of B. diminuta-retenhve
composite liquid filtration platform Including a composite tiltraflon
medium featuring a nanofiber layer and a rane composite ration medium.
[0145]the spinning solution was prepared by mixing 13% Nylon 6
i,,Ultraiiiiid0 g:mde B 24 N 02) with a blend of acetic acid and formic id
(2:1 weight ratio) 1r5 t 80et for tne coarse non-woven supported case and
by12% Nylon 6 (Ultra ir-A ga blend of acetic(2:1 weight ratio)
Sot for the cor. poste filtration platform featuring a porous support
membrane and a nancifiber layer. The solution was immediately spun using a
o spinning electrode under 82kV electric field. The Coal'o woven supported
mat was spun in static mode for 30 minutes and theofiber composite in
dynamic mode where the substrate, a membrane 0,5 pm rating (prelibterayer
of Millipore Express(r) SHC filter, EMD Millipore Corporation, Billerica,
MA), moves over spinning electrodes at a constant speed. the nanofiber
layer was peeled off the cr 



WO 2012/135679PCT/US2012/031549 non-woven substrate for testing. When the
nanofiber was spun on a membrane, the membrane was kept
togetherofibersubsequent testing. Next, disk arnptes were ut and placed in
47mm stainless steel holders for retention testing. Figure 6 shows
permeabillties of two samples of sirdlar B. diminuta retention (> 9LRV):
fiber mat spunoven and on mentihr [0146)Example 5 Manufacture of a
composite liquid filtration platter posite liquid filtration medium fea us
support membrane, 101471The spinning 827 E Cl) solution in a mixture of a
s-retentive nanofiber layer and s prepared as a 12% Nylon $ (Ultramideb
grade acid; formic acid, and water (2:2:1 weight ratio)  for hours at 80C.
The solution was immediately spun using a 6wire spinning electrode under
82kV electric field. The symmetric mats were spun in static mode with a
spin time f 30 minutes. The membrane/nanofiber composite samples were spur
in dynamic mode where the substrate moves over spinningdes at constant
speed. Next, disc. samples were cut and placed in overmoided devices for
retention testig,. The nanofiber layer was peeled off the non-woven
substrateWhen the nanofiber was spun on a membrane, the membrane was kept
together with the        er in subsequent testing. Nekt, disk samples were
cut and placed in overmoided devices described above for retention testing
(01481Both samples (non-woven supported mats and membraneinanotiber
composites) were tested for retention in a two layer format. The plotted
values for me.mbranekanofiber cx).mposites include the additional
resistance of two layers of pet ne gyre. 7 shows per eabilities of two
samples of similar t v nenefiben on a coarse it nnanofiber m  



able 1 der i) IPA bubble points for supporting membrane and the composites
manufactured according to the examples.                    Bubble points
measuredsupportn.g 0.5 pin membraneand embranelnanefiber composites
[01371Exampe 6, Filtration throughput of a compo&te flqud filtratio inclu
ng a composite liquid filtration medium featuring a rt,i,tror layer and a
porous support membrane. [0138/Figure B depicts capacity comparisons of
membranelnanofiber composites vs. membranes spun on coarse .non-woven of
same nannifibei and siinilar retention forpiasma. Throughput tests were
done using autture media stream that s customarily used la test
yooplasma-retentive membranes with prefilters. This media stream contains 2
cif. Peptone from Soymeal (Papaic) avaHabe from EMD Chemicals, a subsidiary
of Merck K.C3gA, Darmstadt, Germany; 1 Wt. of Pluronic F-68;        sothum
bicarbonate: and 10 ....HyClone powdered Tissue Culture Media DMEMIHIgh
EvaabeThermo Scentffic Waltham ; MA. The porous  WO
2012/135679PCT/US2012/031549 membranelnanofiber composite structure
hasprefitter layer,a porous membrane with a 0.5 um rating (prefilter layer
ofExpress's'SHC fitt hipore Corporation, Billerica, MA) which protects the
nanofibera plugging, and f:hables thele structure to exhibits higher Ii
[01391Methods of [0140]The composite liquid filtration pratfonaccordancee
present ntion are useful in the food, beverage, pharmaceuticals. biotectm
lectronics, chemical process'atnient, and other ker. 



101411The composite liquid filtration plafforms as taught e ".1 effective
composite for filtering, separating,andlor detecting mcroogarusms e or
liquid stream, as well as removing viruses or particul The composite liquid
filtration platforms asia uqht herein are pa reulati inn of solutions and
gasescontact with or may contain pha.!:maceutical and biopharmaceutical cam
ctruer:art or anim [0143]The composite iiquid filtration platforms as
taught herein may any liquid sample preparation methods includingo,
chromatography; high pressure liquid chromatography (HPLC); electropho
filtration; sample centrifugationon-line sample preparation; diagnostic
kits testing; diagnostic testing; high throughput screening; affinity
binding assays; purithe liquid sample; size-based separation of the
components of the fluid sample; physical properties based separation of the
components of the fluid sample chemical properties eparation of the
components of the fluid sample; biological properties based  WO
2012/135679PCT/US2012/031549 separation of,s of the fluid sample;
electrostaticperties based separa [0144)The con o of the fluid sample; a.
Htration platform as taught her s thereof  component or part of a larger'on
device or system 



1Q1451Kits [01461The composite filtration medium as aught herein can be
provided as a icit. which may be -ed to remove microorganisms and
particulates from a liquid camp or stream The kitprise, for example. one
orlie filtration medium including an electrospun nanofiber liquid
filtration layer on a porous membrane substrate as taught herein, as along
iiis4ith one or more liquid filtration devicesports for incorporating and
using the omposite filtration medium, 101471The kit may contain one or more
control solutions, and may optionaby include hoes buffers useful in the
methods of practicing the invention, such as wash buffers for eliminating
readnon-specificaily retained or bound material may optionally be included
in the kit, [01481Other optional kit reagents includeEach o may be provided
iri a separatecontainer as a solution, Alternatively the buffers mh
provided in dry formor as powder and may be made op as a solution a,to ft
pplication. In this cthe butte's may be provided in packets,    10 .9]'The
kit may provide a power source in instances where the device automated as
web as a means of providing an external force such as a vacuum pump. The
kit may aliso include instructions for using the electrospun nanofiber con
liquid filtration medium, device, support or substrate,fbi rocking, up
reagents Ith the nvention, and methods of rn. Optional  softwae or
recording and analyzing data obtained while practicing the methods of the
invention or while using the device of the invention may also be included.
(0150)The term "kit' includes, for example, each of the components combined
in a single package, the components individually packaged and sold
together, or the components presented together in a catalog (e.g., on the
same page or double-page spread in the catalog) [0151]The disclosure set
forth above may encompass multiple distinct 



inventions with independent utility. Although each of these inventions has
been disclosed in its preferred form(s), the specific embodiments thereof
as disclosed and illustrated herein are not to be considered in a limiting
sense, because numerous variations are possible. The subject matter of the
inventions includes ail novel and nonobvious combinations and
subcombinations of the various elements. features. functions, and/or
properties disclosed herein, The following claims particularly point out
certain combinations and subcombinations regarded as novel and nonobvious
Inventions embrx.lied in other combinations and subcombinations of
features, functions: elements, arid/or properties may be claimed in
applications claiming priority from this or a related application Such
claims: whether directed to a different invention or to the same invention:
and whether broader, narrower: equal, or different in scope to the original
claims, also are regarded as included within the subject matter of the
inventions of the present disclosure.  WHAT S CLAIMED IS: 1.A porous
composite media comprising: a porous membrane, and a porous poIyrnerc
nanofiber layer lac,bran e. wherein the pore size of the nanofiber layer s
smaUer thanthe re size of the memb The compoSi of cl -im 1. having a bubbe
pointmeas St 20% greater thaliembrane alone 3.The composite of LI:he
membrane s asymmetric and inomdes a side. whereinosrte of carn 1, the
nano,iber ayersi The c m!pozte of obim 1, wheofiber aye.isan eleotrospOn
mat.  6.The compos selected from polyamide, polysulfone,  ein the nanoriber
layer compripolymer stin of polyirnide, aliphatic polyamide, aromaUc tate,
polyether sulfone, polyuioly(urea 



urethane), poh;benzimdazoe, po1yetherirnde. polyacrylonitt,p.oly(ethylerie
tereptithalate)., poypropyene.oly(ethylene oxide): pelylethylen
n2phtha.late), pc'i(butyene. fe ..pht.halastyrene b.utathene tubber',
polystyrene,                   poly(vinyl aloohoh, p y(vinylidene fluor
e)., poly(vinyi butyleite.). a. copolymer,'Native compounds, or bier ds:
thereof. The con cciitp of claintl, wherein the nanofibr layer be vases an
aliphatic p:olya 8.The'ite of dam 1, whereincomprises a blend of copoymers.
and mixtures there  WO 2012/135679PCT/US2012/031549 d.The corn,otal
thicknut 10 urn to about 500 pin The com.po: Ito of claim 1, having a total
thickness from about 0 The composite of claim 1, whereinariofib& layeris
formed by a proces cited from the group consist":potrohlowl The composite
of claim 1 wherein the nanofibe 200 um. he composIte ci1,w rein the nanoiay
sabout 100 PM. 14, The composite of claim1, wherein the nano fiber layera o
urn to aboutm. 



15.The omposite of claim 1. wherein the membrane h urnthout 500 pm, The
compaimin the membrane has a t bkness from abo rn to about 200 pm. 17. The
compohe.membrane comprises one Of more layers produced by solution phase
inversion thitiated phase separation, vapor induced phase separation, track
etching; biaxial stretching, solvent etching and combinations thereof. 18.
The composite media of claim 1 with mean flew bubble point for cpropanol
bout 130 pSi,  WO 2012/135679PCT/1JS2012/031549 A porous composite inwire
or filtratio otismetric membrane having a tight side an open sideJove g in
size between the tight side and open side, and porous polymer,d an the
tight side, wherein the pore size on thetight side ofpore size of the
polymeric tiara:fiber iayer. 20"tli, compvice for use in crftica fUtraflon
Inporous asymmetric membrane h:de, af - side and a pow size increasing
nSIze between the tight side and the  a retentive filter haying a porous
polymeric ranofiber layer iocaed on the tight s e of the asymmetric
membrane, where.,th the pore size on the t:ght side of the membrane is
iarger than pare size of the polymeric nanofiber 


