WO 2012/ 135679PCT/ US2012/ 031549 NANOF | BER CONTANNG COVPCSI TE
STRUGLI CROSS-H FERENCEDD APPLI CATI ONS This ana t heU. S. Provi si onal Pat ent
Appl i 61/W6QéA3567w] ed onAttents of whichincorpc,ra d bycenseoihessin.

DESCRi PTi ON OF 1HE I NVENTION : Field of the !riven ent invention r&ates
generafly to hgindion nedia. In enbodinents, the invention provides a
conposite liquid filtration piatfortn and nethods of using and nmaking the

same for the retent hanofigrrcroaTaamNeIEcfneosert Rteued gy d. Back
routlfive Synt hetic pol yners have been fornmed into webs of very

smal|l dia fibers, (Le dianeters on theCV mcrons (un) or ass)., using
various pr@ %&Q&ﬁ@ﬁe{;tw«m@m&ggﬁgp@{;r\agognd el ectroblcring.. Such webs have
been shown to be useful as "liquid barrier materials and filters. Often
they are conbined with stronger substrates to formco posites.

[ 004] Conpot {8} por dbis sspidicnrasmanis Wbl pf Ude drovinionyd Hatas! Sppdraedt i onerm
"conposite"aS used hnbiles that a conbination of two or nore Yr nb nec O

di f f er entipot F480HES figgareghddy 28htl/ibe endiveriiing: anehids etk createdoipesi t e
porous structure: In nmenorane filtrationnpla, a oarttpr a can contaor nore
por ous | ayesshdeawirag. di stinctly different pore structures. By conbining two
o nore WD 2012/ 135679PCT/ US2012/ 031549

DESCRIFTION OF THE INVENTION
Fakd of the Invention

ey The preseny invention relates generally o Hquid fitration media. I certain
smbodimants, the ibvention provides 8 composite liguid fltration platform and methods

of using and making the sams for the relention of microurgantams from g Blersd gt
Sackground of the vention

03] Syrithetic polymars have been formed into webs of very small diameter
fibers, {La., diameters on the order of a few microns {pm) or less), wang various
processes such as melt hlowing, slectrostatic spirming and slsctroblowing. Such webs
have bean showa 10 be yseld as quid barrier matarials and fiters. Oflen they are
sombined with stranger subsirates to form compaosiles,

G Composite porous structuras ars wildely used in filtration and sepsration
apphnations. The onm "composite” as usad hareln, impliag that a combination of teo or
maors membranes of different pore sizes, pore marphology andfor malerials we wsad o
create the final composite porous structura,

{005] fry membrane fltration for example, & composite can contain fwe of morg

pornus layers having distinglly different pore structures. By combining bvo of mars



| ayers of porous maten filtration nmenbrane, ci and nechani cal robustness,
By w subsequent |ayering of separately manufac plc, conpositesfornmed by red
porous”| awe,2oassé70g a second or nore | ayers onto a pretCoruse@?2/osrss¢ | ayer,
| am nating two or norened | ayers together, or by cod4ormng two or nore

| ayer seously, as taught, U S. Potent No 7.229, 665 assigned to EMD MIii pore
Cor poration. (006)F3i ophar. maceuti cat manufacturing is constantly ook. ng

for ways i4:0::9Rer B St &ATRAGHARMIS A ARLR B LERSsir ARGkt @dNGerbhgt i e i f
takes to of pharrnaceuticaid rug substances, At the sane tine, nmarket and

tory presguies 3&8ndhkVEngiRhaRRa NAGRUGALITRARLAGE BEBLSch Anfeduss their
costs, Since bacteria, nyceplasna and virus renpbval account for a

[ ifi it ke ke NN T 24 L; 296 UG- SHBSLA
si gni fi capty paLent ageokike 4,048l c}?@ﬁiﬁﬁ%ﬂﬁ%&éﬁgg ??;.%Q?&}@ﬁ%

purification, approaches that 1nctrease a trationt hroughput and
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new p reases cteria, toplasm nd virus ret

jog'tilted, Thus, dr: e imyovenients i.n the permeabid ity of bacteria,
yeopi as e ERG N T0K T BESAEIVE R e B ipaiPone el S PERR bl Brasact “ont ne
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.S Patent No. 7,220 885 aagignad to EMD Millipors Corparation,

D08] Biopharmaceutical manufacturing is constantly lonking for ways o
streamiing operations, combing and eliminate steps, and reduce the time i takes to
process sach batoh of pharmaceutical drug substances, At the same time, maket and
ragulatory pressures are driving blopharmaceutical manifactigers 10 reducs thelr costs,
Sincs bactena, mycoplasma and virus removal accowrd for 8 significant percentage of
the total cost of pharmeceutingl drug substance purification, approaches that ingrease a
poreus menmbrang's filration throughput and reduce purification processing lime arg
very rmusdy in damand.

0T With the introduction of new prefilfration media and the corresponding
increases in throughput of bacteria, mycoplasma and virus retentive filters, the filtration
of fead streams is bacomingg thachmited. Thus, dramatic improverrants in the
permeabily of bactady, mycoplasma and virus rstentive tillers will have g direst
beneliclal npact on the cost of g hacterig, mycoplasma and virus Sitration stepish.

1008] Fiters used in liquid fitration can generally be categorized as sither fibrous
norwoven media fiters or porcus fim membrane filters,

{00% Parous M mambrane lguid flters or other types of filration madia can be

used aithar unsupporied or iy conjunction with 8 porous substrate or support. Porous

o3



nonwoven nedia 'filters or porous filmmenbrane filter [0091le liquid
filters or other types of filtration nmedia can be Usedconjunction with a
por ous swvetnetBserp support. WO 2012/ 135679PCT/ US2012/ @8ThA#01al081549
filtrati onwhich typicallyporeaile fibrous nonwoven nedia. can be used in:
(a) morofiltration (I M). wherein pardcu]ates filtered froma Ilqutd are
typically in the range of about 0.1 pmto about 10 pm ion (UF), wherein

parti cul ah@siglidlttatfonabombrsheR aNOEB B G I( REle hora e szl By @0d, 401211, c)
reverse osnosis (RO), whereir filtered fromli are typically in the range

of about gbihdQaRe HALBLReE KQVkag ket entive menbranes are usual ly
considered to be on the open end of ultrafiltration menbr anes, 10141Hi gh

per meabi | | t?fr\é and Q@;;EQJ 1:ARhE zﬁ?t %&!&#&Qé«% @:&S»Q bd 8wl Dy@ulhgud d

Het ween t hese Fvo

filtration rane here 1s, "however
par anet er, ‘“ﬁg}q”t‘ mr.,pg ﬁ%%mt%l?@n«?’tfa ) Hl n{l I trat| on nmenbrane, ention can
achi eved crificing perneabifl hérent limitations of

convent | Onalmagoce@ DR R 09 s @gﬁqgﬁéﬁgjfﬁw RSl pRIREATSe I eshol d

in porosity; an be chie

o A OB, AP S S Pl spon 5ia' o
hydr oent anglgd, nonuoveni acarded. shap! w@gl»?i%m%”%éhﬁu' | Ko 39O quia.
are typically in the rangs of about 1 A to about 1 nm

13 Retrovirus-retentive mambranes are usually considersd 1o be on the open
and of ulfrafilration membranas.

{014 High permsability and hgh reliable relention are bya ;sssn'amesférg dagied in
& lguid fiftration mambrane. There i, however, a trade-off hetween these two
parameters, and for the same type of quid filtration membrang, grester retanton can be
aohieved by sactificing penhmeabdity. The inherant Bmitations of convantional processes
for making Baguid fitration membranes pravent membranes from axceading & certain
thrsshadd in porosity, and thus imits the magnituds of permeability thal can be achieved
at any given pore size.

{015] Fibrous non-woven Hauid fltration medi inolude, g are not imitsd 1,
non-woven madia formed from spunbonded, malt blown or spuniaced continuaus fbers;
hiydroentangled norvwoven media formed from carded staple fiber and the ke, andior
sombinations thaereof, Typically, fbrous nor-woven media filters used in Hquid filtration
have pae sizes generally groater than shout 1 micron {Jm).

18] Nor-woven materials are widely usad in the manufacture of fitration
neaducts. Pleatad mambrang cartridges usually include norrwoven malerisls ag a

drainage laver (for example, ses U8 Patent Nos. 8,074 888, 5 848,438, and &858 48,

]
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conbi nati ons thereof, Typically, fibrous non-woven nedia ifn liquid
filtration have pore sizes generally greater than about 1 mcron (pm

1. 016] Norwaavexssaveri al s are widely used in then produecsiBr@anst4aenbr ane
cartridges usvan drai nage |ayer (for exanple, 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-aekersihes QPPEOAS pR&RN ahs LLaP@kooNb s, BSE d4agsaysuppaldiang
screen for an adjacent porous nenbrane |ayer |ocated thereon, such as Nom

xe ul tratihd et ke reRbEanes by EM) MIlipore Corporation, of Billerica,
MA, [0181Nonwoven microporous materials can al so be used as sup, skel etons

to cre te sgmeﬂgt hrgh. @ RereUS,TRITRI AR L QGakL etkOR: LR NOK sLRbGHQPOr oUS
structure, such as MIIligardi mfilters also available from EM) Mliipore

Cor por at '\%%es{@ﬁgéug{%se&vgﬁﬁwr\ &‘z%«ﬁ%‘iﬁ?%?@ﬂ%&@ék%zﬁ&? Bk8Qslegsed for

"coarse .- tntion I ncrease the capacity of a porous nenbr ane

pl aced dQW&é&@:’?‘Hﬁém&%eQ%gls"%&M% gb g@%%a«%ﬁ%mbw A emovi ng

suspended particl es havi anet er are gene.raily greater than about

1 pm The p@ﬁ%gis TRERLANGA U3 P%a&y?&ﬁ%‘ﬂ 3 n) di‘;gt(é !mc« 858 SU ‘é% i having a

wel | -defi ne re size or T oni al i dat abl e

i e PR R e
drug and |t aul dRCRNANE 3 R GLUN 19682085 5y AR e lBkm B iRRlAt Of use.
Larporation.
{14 Norewoven microporous materials can aise be used iy coarse
prefilfration” to increase the capacity of & porous membrane placed downstream of the
non-wDvern risrapoarous material, by removing suspended particles having diamelers
that are gensrally grester than about 1 um. The porous menbrans usually provides a
aritical blosglaty bavier or structure having & well-dedined pore size or molecudar weight
cut-off. Oritical filtration is characterized by expected and validstable assurancs of a
High degres of removal {typically »08.89%, as defined by specified teatg) of
microorganisms and viral particles. Critiosl fitration is routinely refied upon (¢ enswe
steriiity of lguid drug and liguld blopharmaceutical rmulations at mullipls
manufactunng sfages, as wall as al poud of use,
0201 Meit-blown and spunborded fibrous media are often referred o ag
fraditional” or “conventional’ non-wovens, Fibers in these tradidional nonwovans 3rs
gsually at lpast about 1,000 ryn in dismeler, thayefore the sffective pors sizes in
traditional non-wovens gre graatsr than shout one micron. The methods of
manufacturing raditional non-wovens typically lsad to highly inhomogenenus fier mals,

0211 Historically, the rardom nalure of conventiona! non-woven mat farmation,



1. 020] Mel t- bl own and : spunhonded fi brous nmedia or or "conventional nonyens.
Fibers in these traditional norh.i, V. s are aboutl, 000 hmin dianeter,

t her ef et ewOhe12035679n- W  t han about one m cron. The net lroEAISEH12/031549

manuf acturing traditional nomw, vens typically lead to highly inhonbgeneous
fiber mts WD 2012/135679PCT/ US2012/ 031549 such as by eit-band spun-bonhas
led t .6 general assunption yen mats are unsuitable for anyration ofid

streans, 30 A%y UEE-biow *%e"flrkrﬁﬁﬁm&ﬂ%@f PAk &td ROHE QRNSRT AQN/NRANNAVRAS Mat s
typi cal I y use these mats for prefiltration purposes only in order to

i ncr ease JNenGARAGHE YinQfiBiPer QMR %ﬁa? H168ud ang Rl aeedhJdanpskieam of the
cony S [0221Anot her tyoven incl udes el onspun nanofi ber nonwoven hich, |ike

| radi ] ofipkion ey ERYERHLAIRS o ARBNEY w@x&9@%9@@%&9%%@@@ for

the criti tration o exanrp Bj orge et rfor mance

assessmen N A-gak ation,

295, - ( 2008) o385 Rtes oMF ol P Rl Bl BB B o
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Lsual | 5. ul ?‘é“%ﬁf | ARG AR el HadroPRa ’%#ﬁ R ‘r’Sf'%rﬁﬁ%}f‘aa%fﬁW%%r oved
R Cnoss "4ifa Hor "m&gﬁéeﬁ o SREBEPER: £ HOARRSE R SRR pol yer o
nanof i ber mats over us rrenbrta)fqe§ bec es arrpl\lfl%;c in the snma|ler pore
size m REESTEHLEERT 6@ J & S CROPIIGUE ‘Iqr*ifit&?i%df* O HREC RN 8RIGP S R %“educed
porosfty of UP nenbranes d| scussed supr a.

af al., Performance assesament of electrospun nanofibers for filter application

Dlesalingtion, 248, {2008}, H42-848).

{083} Elactrospun polymssic nanufiber matls ara highly porous, whargin the
"pore” size is approximately linsarly proportional to the fiber diameder, and the porosity is
relatively independent of the fiber dimeter. The porosity of an electrospun nanatiber
mat usually falis i the range of about 85% to B0%, resulting in a nanoliber mat that
damonstrates dramatically improved permeabiity when compared o inynersion cast
membransys having a similar thickness and pore size rating. The porosity advantages of
slectraspun polymeric nanclibey mals over porous membranes bacomss amplified inthe
smaller pore size ranges typicglly required fov virus Bitralion, hecause of the reduced
gorosity of UF membranes discussed supra.

{024} Elsctrospun nanofiber nom-woven mais arg producad by spinning polymer
sotutions or melts using slectic potential rather than meltblown, wetllaid or sxrusion
manufactuing processes used in making conventional or raditional nan-wovens. The
fibar diameters typically oblained by slecirospinning are in the rangs of 10 nm o 1,000

rn, and arg ong to three orders of magnitude smalier than comventional or tradition

AOFWOVans.



N241El ectrospun nanofi ber non, NOven mats are produced by spinning polynme
solut,ons ors usingric potent rather than neltrusion manufacturing

pr ocesseswoet/i3se7raki ng conventi onal ' Ovens The fi ber dipamaises1z/osyspd cal |y
obtai ned by el ectrospinning are ne 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] El ectros. ptin nanofi ber areby putting

a di ssoi vedi@snol t RePOIMIBLIREEN 4 Blomily §Pp@1kd hSiesthealy pda-andnanpl yi ng
an electrical potentil such that the dissol'ved orpolynerl is drawn away 1mm

the [1rSknglbesldadent uand: BicseeR0EFhAALRIER Afidd bBRhtaldlch RexRipcess of

manuf acturing e eci p spun nano fibers are not forced to | ay

downby M. fat cﬁ?i;ﬁ%{gg&h@‘e&’éﬁ% HRchank %?éwr%g%%%‘% t{i@%gﬁ bReA YO, PR gad pore

3
size distribution. et ectrosnun en orous menbrane t hat

hesL. RV Shied peridegh 88 0B ASphRLR AP YL PSS SRR |2 s
e e ARBHATBh Y A SR, B B TSP T 3 ok S iR @
2008/ 109113%{%%50(3 sat t he gc‘)l e}of CI’I Qt.ipﬁcgly g%\l on _i@ﬁ*eps‘em\éggwf{g}r the porous
menbr ane, ¥ UEaReT He® HoWGT8Y PEET TG P ENMD T T ngi“e " por at i on,
ranofibers formy a highly uniform mat because of the mudual slscinica! repulsion between
the sisctrospun nanofibers.
f2g] W Z2D0EH108117, assigned o £ L Du Pont De Nemours and Company,
teaches using 8 porous nancliber layer as a depth filtration layver {La., 8 predfifery for an
adianant porous membrane that has a8 2.7 LRV {Le., LRV is defined as loganthmic
retention valus whare LRV is equat {o 0,980 filtration efficlency) for a certain particle
size. WO 20087108117 taches that the nanofiber layer has a Hiration efficiency rating
of at lsast 85% for a particle size at which the mambrans is rated with an LRV oF 3.7 ar
graater, WO 20084108117 purports 1o taach that the role of oritical ftration is reserved
for the porous membrane, rather than the nanofiber layer.
{027} WO 2010/075032, assigned to EMD Millipore Corporation, teaches
nannfiber mals having a specific thickness aand Foer diametlsr offer an iaproved
sombination of fguid permeability and micrcorganism retention. Genarally, nanofiber
mats offer 2-10 mes bolter permeabilty than thelr porous mambrane counbyparts of
comparable retention, this is thought fo be a conssguance of the nanofiber maty having
a mgher porasity {(~80% ws. TO-B0% for a typical wet casting porous membrang},
{2H] Hlectrospun aancfiber mats can be manufactured by depositing fibers on g
conveational spun-bonded nor-wovert fabrie {examples of a face to face interfoe of &

.

non-woven and a nancfiber laver are taught in WO 2008/010030 assignad fo Blvaren



nanof i ber mats hapacificthickness and fiber dianeter affer an unproved
conbi nation of quid pefneability and m croorganismretention. Gen mats

of fer 2- Wotnmessdretter perneability than- their porousPoedsc@n®31549
counterparts of conparable retention, this isto be a Donsequence of the
nanof i ber ,ven and a nanofi ber |ayer are taught10 200910100 WD

2012/ 135679PCT/ US2012/ 031549 sto.: and in US Patent Application Publication
No. 20094Q%99%TVinass iFgned Apalicdiandabiitagn, Ne aoh sl enr posatiedahenBhmor
byreference in their entirety). In each of these approaches, the roughness

of the susd aggrofcdiberSuPhbeibsd RN cPHARagahEhNIA LR of itaaefi tior [ayer
causing potential non-uniformty of the nanofiber structure, thereby

pot ent i aldy-GRABE AR $hiRGINESE eNtkANERA: athel:bbhesg nbO2Rh BaprRatent No.
7585, 437 issued trteaches a nozzle nmethod for produci ng nanofi bers froma

pol ymer Lt .00 uSiR0Sl88Ls %8%érfl‘$aiu§éf‘z§%&%%QQ&‘:&ﬂQmﬁwQﬁy LERfRkhoERET Yi Ng out
t he nmet hod. WO 2003/ 080905 assi gned to Nano Technics Co. LTD.,

| ncor por aher gl B ¥ny BHEFERELCdFoR M RidhiichGaERSeRR €l ectr obl owi ng
b i pol

process, wherein o ymeri'c solution conprising a polyner and a sol vent

i fed f (28 o 5 18 s LJ-E.‘-" Yal wwat ’H-.I.,s;w,»‘&?::
s Te ro{@%ﬁt orage Fiagﬁk‘t \ ?Sn%‘?éiﬁ?m%{il tzg! a0k @tg%ip%ésé a?x?mﬁ}“%%ﬁ't\ ﬁe@

spi nner et ich™a hi vol'tage'I's ap and
p0| yrrerl N ~». 5 . i:*» d oy S y . ) ¥ . lﬂl Vi o 8 at‘ 3 'rl.:‘\s
F8Ba B USSR o PRIST A TENAN G spiion doPl e B ARI Syl

rel eased ar “nozzn’ of", . the
spinning nazzle. The conpressed airtedorally downward as a bl ow ng gas
st ream er?\?glao té"é"tafh‘ﬁ*’?%ﬁﬁ%%ggﬁ%ﬁfh‘é ly issued polyneric solution, thereby

ar ounded poltgtb. ol TS 0s ehe Bl St 3 Naha e HhoadsuhT Bndibaroria0s, “pat ent
Application Publication No. 2004/0038014 to. Schaefer et |otne or nore

| ayers of I RY SRCEBIPLE LT BRVGHY. fS5EFS 2AMETTRROMTBEPOSF BT fEGTH) » stear

el ectrostatic spinning for filtering oonta i X _
of polymeric solulitn comprising a palyiner and a solvant is fed from a stwrage lank o a
series of spinning nozzles within a apinneret, 1o which a high vollage is applied and
through which the polymeric solution is disoharged. Compressed alr, whish may
opfionally be haaled, is released from air nozzles disposed i the sides of, or st the
periphery of, the spinning nozzle. The comprassed al is direcled generally downward
a3 2 blowing gas stream envelopes and forwards the newly issued polymeric solution,
thareby aiding in the formatian of & nanclibrous weby, which is collected an g groundsd
porous collention belt located above a vacuum chamber,

034 U8B, Patent Application Publication No. 2004/0038014 o Schasfer et al.
teaches g nonwoven Rltration mat compurising one or mors layars of g thiok collestion of
fine polymeric microfibers and nanofibers formad by electrostatic spinning for fillering
corfaminants.

1321 L., Patent Application Publication No, S0G8/0188717 ta Gresh teaches a

method of forming slectrospun fiber layers on a substrate layer, the slcospun Hbars &

significant amount of fibers with g diameter of less than 100 nanomesters (dm},



fQ@B2]U.S. Patent App ation Publication No. 20(0o Oree nethod of formng

el ectrospun fiber layers on a Substrate layer, th rs with a dianmeter of

| ess t harwoQO1assToet ers WO 2012/ 135679PCT/ US2012/ 031528 TRjSee1g@3Bu9 at, in
Desal i nati on 249 (2009). 942-948. teach &ectrospun Nyl on. ..fl ber mats
havi ngdi aneter O about .50 nmto |Q) aro,. and a thickness of about 120
pm The neasured bacteria LRV for notreated fibers is et al.

pur por t edl y; ya@@pcl udeyddats ba@@w RGNl 2duh) GLenRy. QlacERanabhhar Nyion
el ectrospun na [ 34] paI et al., in Journal of Membrane Science

289 (200t Lw@?&r%@:&ggrgwﬁc’%@}w g;@;@}@l&%&?&% R0 'Bsbﬁe ili - MRsLG! nhave

a di anet er bou ring liquid tration, anctl ber mats

act as a serean 40,4 Jgiieernfg%mg%%Htﬁég?i\ﬂiﬂ?\/ﬁn LHRQL}_@ M§§%Q@qupt‘h‘* bilter

(e.g., prparticles un our nal  of

. rbra @sgg @?gz:;ug&%wggf%ﬁ e o Heid BISNSLEREG Jhapanal i ber s

hdi amet er” tonm use ol ystyrene particles
hayi ng a _di anet er « abo oRm to 10 pm [36] V\D 2010/ 120668 to Choi
at at, té& @Pfaamﬁé }éﬁ ﬁ'e“rgfgé A Raving a 0.2 pmrat i ng: conbined with a Mich

tighter ultra-high.nole h Lane about t,i“
Fating) . puPBAr T caPyPRaRal { PGt Phé@fwéﬁﬂfm B 26 Bogbes stﬁkeﬁff@* o
partlcles |n the presence of suof the exa I‘OVI t he es have
i Gher  + BISHEPOR! BOMDRPRIH RUTETR) ST GRES T (1 TEIUBRI T T e 61
onnof i ber er to the nenbrane does not result in a noss increase of Lion)
| ed bubbﬁ@€3 % it RN VTR R AE BTRROT (1BF SRBNINET AR P dSe ROFRY é\%?‘f%h’“&orrpar ed
to the merrbrane itself. As discussed supra, nanof i ber mat teachings

pur por t e@RYickERIP VSt Wy, Ahat P BEPUTIES (&g FPFeRiPHEr iy LMERE por ous

nmenbr anes to grow de critind retention assurance propertl es,

035 Auzzawasalhien al al., in Joumnal of Membrang Sciaros, 315 { ({008 11~

\
19, teach slectrospun nanofibers having a dismeter of about 30 im to 110 am used in
the removal of polystyrene particles having 8 diameter of about 0.5 pm to 10 pm,

10381 WO 0101120088 {o Chot et al | teach a nanofiber layer having a 0.2 um
rating combined with a much tighter ultra-high molecular weight {(UPE) membrane {e.9.,
having about a Snm rating), purpartedly rasulting in improved ratention of polvslyrane
particles in the presencs of surfactantz. It sach of the examples provided, the
membranss have higher ratenton compared to the aanofiber layer alone. it appsars that
the addition of the nancdibey layes to the membrane doas not resulf in g me sum%\k
increase of combingd bubble point and eads o an ingramerds! ingrease réiemim
compared o the membrang isell As discussed supra, nanohber mat teachings
pirporiedly teach using nanofiber mats as a prafifer, and use the porous mambranas o
provide critical filtration and retention assurance proparties.

{37} Howeaver, none of the nanciiber mat teachings discussed supra tsach
using 8 nanofiber mat foemed on & porous mambrane support, whersin relention

assurance and oritical fifration propertiss arg provided by the nanofiber mat, notths



Howevnanofi ber mat teachings di scussed supra teach using a nahp.r usi
rriernbraneWherein retention fluids ranging frommlliliters to thousands
of literswo2bidi3s@bi on processes and devices such that rhe/usb@ct3rses ention
assurance and critical filtration properties, and the porous support ft
rianotiberd On provides prefiltrati On properties The invention is directed
to othere, as well a objectives and enbodi mnents. MARY OF THE | NVENTI ON The

present iRYQR HORLAGH RS 8% p RN O5N8E: bR NERIsd bPSNQRUNE FRAde Cies
often associated with conposite non-wovens |iquid s The new conposite

I'Tquid hlybho® dat{ondmnbayglt herein includ off)ii oar pos'ctures
havi ngol yner hofi ber | ayer collected on a porous nenbrane, such that when

the conposi f@xfil tiaki Al Gt 68 ATfadsedut Quldddbero@phUigheol; |1 quid
streans the porous nenbrane is situated upstreamof the polyneric |ayer.

Al t hough L1, OF QU3 TP ADT NG AELERS 1A SUBSLE Bl cLOhq GRS AGaNRRDL he. 1S

. ‘.\i‘@“ .
in the production o e conposite filtration atwotures, porous nenbrane is
pretil ter Haed, YRS HLEAMEEAT, U8 LRIV LNRLL CoARRIILRCL: JAUGH & QalidyBy @
particles troma “liquid. amflowng hi rough’ t he " conpo

fittration processas and devices such that the electrospun nanofiber layer provides

refention assuranos and crtical filtration properties, and the porous support the

nanofiber layer is formed on provides prefiftration properties. The invention &k dirscted 0

thase, as wall as other oblectives and embodiments.
SUMMARY OF THE INVENTION

RERS) The present invention addresses, among other things, the non-uniformity
ard capactly deficlencies often associated with composite nor-wovens gusd raton
struntures. The new compasite fiquid filtration platforms taught herein bolude porous
somposhs Hitration structures having 8 polymeric nanciiber layer collected on a porous
membrang, such that when the composite filfration structures are usad to Biter & hguid or
liquid streams the porous membrane is siuated upstream of the paelymeric nanofiber
faver. Athough the porous membrans aots as a substrate for capturing nanofibars in the
praduction of the composite fitration structures, the porous membrang is alse the
prefiter used upstraam from the polymerdc nanofiber layer to remove particles from 3
hgquid stream flowing through the composite filtration structure. That is, the n'témmibm
faver is positionad downstrearn fram the porus mambrane, and iz used a3 the rstentive
taver for oritical filtration to provide biosafely assurancs, and is rasponsible for capturing
microciganiams ke bacleria, mycoplasma or virusss. Maving the porous mambrang

side of the composis filration structure as the prefier (rather than the nanofiber layer

ke



-rkin structure That is. the nanotiber layer is positioned downstren the
porous nenbrane: used as the retentive iltration structure as the
prefilterwOratdhwsedhan t he nanofibr WD 2012/ 135679PCT/ B620K2¢1081549 whi ch
heret of ore was previously used as the prefl Rej and the thin; unorm and
smal | pore size nanoither |layer used as the retentive biosafe.ty assurance
| ayer, the liquid filtration platformtau4 heremexhibits perneability

advant ages, &%’E%re%@&‘é%ﬁé Q@%u&? LQUS 25 RRDHANGS) Qhd BROMRL SnSRUNQN:GQAT Se
non-way S. [040] 1n certain embodi ments, the Invention provides a

porous CoRROSkE %H@?ﬂc@ é yae s%kq:'i HYuR BYBYS L%Hﬁ‘tx@@@;s ARkeApar %@3;{@&%‘ ﬁrrer ic

nanoft bec 1 ayer | ocated on t he nenbrane, wherein the pore” size of

nanof i heg).ayer, én‘%r*%%.j'qﬁrm?é?%aﬂ i€ »s@%&%b%é'&},zﬁwtﬂéﬁg JEBMDL ARG, dn 04- 11 10

ot her enbo I me vention provides porou

orane and,a, Ranole, POLYIRGLGrAA AL Lob, 5 LAYSL r}@ﬁ‘ﬁ%«%ﬂ on the are having a

bubbl e pai'nt as neas e Ssui gast 20% greater than

the /b be . th

|n\e/ent |uon re Pﬁ%: udiP’n‘“’ rref‘%gggg&% s, t%co‘%fmki‘él W\% b‘fda%nc‘3 pdg(l‘l)tg}gg ©
t d

erbbat menR i hE 2 As0E m‘*%‘*%bmf»%t% Pafls b lecinanel %+ iﬁm ‘éi?‘i)gi}%%

nar Cof | bAVITRYOR Raeeyh e TS si7e 3 B ortos BT B ENENCehEO AT EHE S Pet e

i nvention %E;r ovides a porous Cam nedia including a porous nenbrane and a

por ous p(ﬂfl FSFTR¥Nanof i ber | ayer |ocated brane, wherein the nanofiber |ayer
is an eiectrospun nat, 1045] in other enbodi nents,the invention

provi des a porpus ﬁ%m@%dmm&%% tE@hb@iﬂaﬁ%r@;;M@M@a%ﬁ@@@ﬁ% @Bgdiza porous
pol yneric nanotiber layer |ocated on the
fnchuding & porous membrane argd a porous polymernic nanofiber layer located on the
membrane having & bubble point as measurad with a suitable flukd of af least 20%

grealsy than the bubbis point of the msmbrans alons.

0421 In oerlain embodimeants, the iwention provides a porous composie media
including @ porous mambrang and 8 porcus polymarnic naneliber layer lncsted on the

mibrang, whereln the membrane  asymmetric and moludes 2 tight sids.

{043] In other smbodiments, the invenlion provides 8 porous composite media
meluding 8 porous maembrans and 8 porcus polymenc nanofiber layer ncsted on the
memhzana wherein the nanofiber layer s symmelric.

(G441 in still other embodimants, the inverntion provides a porous somposite
medin ncluding & pormus msmbrang and 2 porous polymaric nanofiber layer lucataed on
the mambrane, wheraln the nancfiber layer $ an aleciiospun mat

(048] In other embaodiments, the invantion provides a porous composite media

including 2 porous membransg and 8 porous polymeric nancliber layer locatsd on the

10



WO 2012/ 135679PCT/ US2012/ 031549 nenbr ane, wherein the nanoti ber |ayer
conpri sesa bl end of polyners, copolyners, and m xtures thereof. 8. In

anot her Aiwdes12z13pa@pous conposite media |.neluding a poreuaseeniossae nd a
porous polymeric nanefiber |ayer |ocated on nmenbrane, wherein the nanofi ber
| ayer conprises an aliphatic polyam de. In another enbodi nent: the

i nvention provides a conposite liquid filtration

menbr ane mpeebidizewhant: eeotdridhibgablienoparacnanafidsmoneteat doreilayer

coll ected on the nmenbrane. The thickness of the porous nanofiber |ayer
ranges fromakouts hawgst t o about 500 pm The effective pore size of

por ousfi ber Iayer is generally defined by the fiber diameter, which is
chosen based Q %hg de§|red Jm croaor anlsn1or5£%rt|cle to be retalne The
ef fective por e‘***sﬁ ) P HE PSS n ARoPTHRFS HRYdth 2EOBYS HRBEPEIHEENE t est
provi ded |nfra ranges from about 0.06 pmfor ietrovirus renpval to about
0.6 pm f oFc it BrRcECYERBURTane 395F@inﬁwﬁwfﬁé?*ﬁf‘é‘ﬁ%dﬁﬁ%ﬁ\?\»"*“&%é’? Hvention
provides a conposite liquid flit platforn1|nclud|nq an el ect pun porous
nanof i berMEEPENShBPERY P16 ERNELY RAHFIORPIBRS AN ABBNTO O I® about 500 pm
[49] In further enbodi nentsinvention provides a corniquid filtration

platformi ng@sL;blgl N9 8aRBROUSE %EQD%Q“%MQW;%Q\%@% §¥§£~I§ ;A ﬁﬂn@ lGkAaess

ranglngfro‘ma out 20 pmto about O pm 1n still other enbodi nents. the

| nventi on, [ Qi a@e ‘RQs{ng% g}é Sokd gﬂgﬁeﬂmne prefitd? Rk Jé‘?fﬂ,&“ i *@%!dr‘zg(oﬁguy pomus

el ectrospun nano bno t Ss ranging from about

[051] 10 angie 1?35{9\9@9 AJENLayete deptd Rg EOK) @s’m [0S CQTROS te medi a

for liqui i'on rane"having a tight

si de, an ;'SRSE% g for U g:m% o %go&a§QmQQ agegt ﬁ%; *fés.) 3e tp'o:geh 28 Iﬁ}‘g‘g‘@and

open side;
parsus nanohber laver s generaily defined by the fiber digmeder, which s chosen basad

ort the deshed misrporganism or particle o be retained. The affective pare mm of the
sorous nanoliber layer, as measwad by bubble point test provided infra, ranges from
about 8.08 pm for retrovirus removal to sbhout 0.5 um for bacters removal,

{48} In another embodiment, the nention provides a composite liquad filtration
platform including an electrospun porous nanofiber layer having thekness ranging from
about 10 um o about 5460 pm,

{044 n further smbodiments, the vention provides a composits liquid filration
platiorm ncluding @ porous slectrospun nanofiber layver having thicknass rangig from
about 20 pm to abowt 300 um.

e i st other embodimants, the invention provides a camposits liquid
filtration platform including & porous slectrospun nanofiber Jayer having thickness
ranging froen about 58 po to $00 um.

[O511 Iy another embodiment, the invention providas porous composite media
for Nopuid Sltration inchuding a porous asyrmneliic membrans having a tght side, an opan

wigde and 8 pore sz increasing it size belween the tght side and open side, and 8



WO 2012/ 135679PCT/ US2012/ 031549 porous pol ynericon the tight side, wherein
the pore size on the tight side of the nenbrane is |argerpore size of the
pol yneri cwouni12/135679 [ 052] in certain enbodi nents, the i reentse@n/oprseyi des a
conposite filtration deviceal liquid filtration including a prefilter
having a porous as 111 nenbrane having a tight side, an open side and a
pore size increasing in & the tignand op'live filter having a porous polym

layer |ogaiQek Sytbe: hgm&essfg@ Rbatherasy MBS WRIBRARE poeheRehdtzhe p
i de of the asymmetuc menbrane’is |arger Than pore size of the poly!'c

”a”af'beﬁgh?¥@éfv*Qﬁﬁkkﬁuﬁﬁﬂkh@@aﬁﬁhﬁdbﬂﬁﬂﬁeaiR@gﬁ&@%@&%&kﬂﬁﬁ@ﬂ%@@'5

directed fo a process of porous corrp05|te iquid filtration platfonlone or

for e porous ?ﬁ@gt $08 5 dmBa@hko ﬁv :%HS%\LJM ?i‘pp.gb FRh@luti on

using an el ec plnnlng apparatus ting t he ution to an

electric J%%%QB uded Ao lﬂ&u&f& t!%\{&mar*qg S04 La%gauz@ghg Qo.;gcg&ﬁgesa&&w%waer

fiber(s) on por ous forin porous nonefi mat's typically

e D AR TS AP b P

per meabi | I €nov Bper adced on a

th urface th L
por ous. ndi F" Beronat SoB 8 s et R EHTGb ?‘g"‘%%\{%ﬁg‘ﬁ%%?&éﬁg i
pernpablg g g%pd(p } m)(%tﬁ e. ter en ments, the invention
provi des &‘ﬁp 5 0 P CorES h%%‘*’d‘“ﬁa ”‘bé‘?%%“’& ﬁBd*é"“*"ﬁb Fﬁéﬁﬁ“ d*frPtration

pl at f or m hav gOlZ/ 135679PCT/ USZOI%/ 031?
the isx}“}* mde of the asymmetnic membrans is larger than pore size of the polymesne

nanofiber fayer

{053} in ancther ambodiment, the present invention is directed 10 a progess of
forming a porous composits Hguid fitration platform from one of MOre poreus
glectrospun polymeric nanclibers formed from g8 polymer solution using an
aslectrospinning apparatus, arxd subjecting the solulion to an sleclric polential greater
than about 10 KV, and collecting the electrospun polymer fiber{s) on a porous supparting
mambrang having 8 smooth swiace. The smooth surface strushre of the suppoting
membrane resuits in 2 smoocth and a uniform porous nanofibsr mat {unlike a nancliber
mat formed on a nor-woven collecting support have a coarse support surface), Smooth
ang urdform porous nancliher mats typically have greater relantion, L8, pOroUs
nanciiver mats having the same thickness and parmeability would have greater parlicle
removal properties when produced on a smoother mambrane syrface than on 8 pearse
aon-woven. Affernatively, porous nanofiber mats of similar retention would be thnner
and more permeaable I produced on a smooth membrang.

iS4y \n certain other ambaodimants, the invention provides & pOIGUS nomposits

Higuad fittration device including & porous composits fiquid fitration platfonm having 8

7.3



liquid filtration conposte rnediurig an etectrospunenus nai ber retentive

bi osaf ety assurance | ayer di sposed on a porous nenbrane substrate
prefilterwo 2012/135679 In still another enbodi nent theprcmwseaio3EIoOVi des a
|l iquid fdtrahor platform having a porous conposte nediuminn:tiding a
critical bosatetv Dorous nanofiber |ayer coliected on a porous prefilter
menbr ane: The conposite liquid filtration Pled to filter a liquid stream
and capt yied fanmg «ohfiebiis HRsh AN 6RSuiHE 1 SeLEaRuSNRidR: Dactendiviiber

nycopl asma or viruses that may be present in the The liquid filtration

pl at f or ma-comhbsies 4hLAkRY IRy aGpbEe: hadid-Sld Bamuldiesd eReQURERer [ he
porous prefilter nmenbrane conponent on the porous conposite nmedi um foll owed

by encount egbng the, &elBRiraRhInt e ¥Rk ObuBEL bligal fildighat | on by

capturing croorgani sns, nycoplasma or viruses downstreéamifromthe

refilterﬂi-?‘ Moy ; i - -s\;c: fnoingi ifatuiosalst {}fmhe I nvent
Pt ks 1 93ELAS0: pBaah e HE A AR 2085 Bl

clarms. “whi ch fol |l ow,

Many nodi ficati. var hations of thi.s. ioventien can. be made w thout
1 Tt B SO 08l PUGELL B S TR AR

depart?ng fromi I be appare

this to be. understood that .the foregoi ener al Scription.and the
Fol ot ng LA Bt bedieT pehR o BRECRIT CrlACaTrad 88 b Ao Ana

expl anatory o i ce_an _expl anat on of .vari mbodi nent s of

on, and are intePl ice an explanation of various. embodir
the pres U OPEENRTY 0 RAE. MORHREdY St HEFLTAY SPEEFH) TLlE B dexanpl e

only nd g ot nmeant tRing in any way, WO 2012/135679PCT/ US2012/ 031549
oR! L Deabr rr I oA s et iy ekt DR b g eRTaad Cer S ut e a

specticagn. llustrate the presentiy contenpl ated enbodi nents of the
hi venhon Y#heRr e gETHET FRETIRET FIPETEI! 08 eWePRo-EXPRFASHNBCPIThEPRYSHPY t he
Figure | s a _s;g:\h‘erratc of the process. i eotrospi nni ng a nanofl her onto -b
accor di n§NEETBREChBdaioRErE Napoltgelayer for oritical RitraliciEby GpRIND S hows an eertron
mcrograph of a conposite quid ftraton patforrn ace rd. n;g to an nbodi neat of
this i nvENELERIDESEUFINTGPRSPEr GusLetY ApYtEan rendbs riSes 'g¥diur e havi ng
pol yneric nanotiber |ayer collected on a porous menbrane. [060]Figure 3
depi cts a dbipari sbudibfndifretbuisbing pobnigeoh! hecormpdsh ta P gl fdrth in the
detailed descriplion and claims, which follow, Many modifications and varigtions of this
invartion can be made withowt departing from g spirit and socope, as will be apparant o
those skilled in the st s to be undersiood that the foregoing gengral desgription and
the following detailed description, the claims, as well as the appanded drawings srg
axgmplary and explanalory only, and are intended to provide an axplanation of various

embodiments of the present teachings. The specific embodiments describad harein are

offerad by way of example only and are not meant o be Initing in any way.



filtration platformding to an enbodi nent of this invention featuring a
porous conposite filtration structure having a poiyneric nanofiber |ayer
col | ect edwonom/pss7ous nmenbrane, and a conparative >t enplPeTafS2@208#9 bex mat
deposited on a coarse nonwoven for the same spin. tinmestherefore sane

tfl ktkness of nanoflb.er m [ 0811Fi gure 4 depicts a cof water
perme..ability for nanolibers with simtar nycoplasma retention (> 9 LRV):
a conpar grive [EXSGRUITION ar GoaT SRARRRGWwven and a conposite liquid
filtration pattorn enbodi ment of this invention featuring a porous
conposite flfliation structure having a polyneric..nanotiber |ayer

cancel ed ongand nyenepa éémpasg%wm@ﬁégogte%m BRI a8 APk HATBE <Gt EmOt t her

mat spun on 3 [063" nernbrane spin trne.po' nt, accord atlon stcuctve

h o Endived Ebodim of
ZSXE?%Sgégggy?USg% g %% gigqiéﬁrﬁ%%tgggﬁf%ig"f ‘:iﬁbét‘ii o??t\ﬁermrtfat spun on
coarse nc%@%g%’r?%& %;'\t%i%ifs bld 5&%@%@'&& JaE D 86600dIRE LR R ygTDedi e

mposite filtration s

rwvention.
58] Figurs 1 s a schematio of the process of slectrospinning a nanofiber onlg

a moving web gecording fo ong embodiment of the ivention,

{O5H Figure 2 shows an electron micrograph of 8 composite fquid fitration
platform accaniing io an smbediment of this inverntion festuring 8 porous composite
filtration struciurs having a polymaeric nanofiber laver collectad on a purous membrans.

osdt Figure 3 deplols a comparison of IPA bubble points of a composite liguid
fiitration platform according to an embodiment of this Invention featuring & porous
composie ilration structurs having a polymens nanoliber layer collectad on a porcus
merhrang, and a comparative exarmple of a nanclibso mat deposied on 8 coamse non-
woven for the same spin fimes {and therefore same thickness of nanofiber mat).

{oat] Figure 4 depiots a comparison of water permeability for nanofibers with
similar mycoplasma referstion (> 8 LRV a comparative example of a nanatibar mat
SERIT G 3 Coarse norwoven and 3 composite Hiquid fittration platform aconrding 1o an
ambodimeard of this nvertion featuning & porous composite filleation structure having a

polymerin nanofiber layer collected on a porous membrane.

g

Q82 Figure 5 demanstrates the correlation betweeant spin time, hubble paing,
argd mysuplasma retention of a composite Hinuid filtration platiorm according @ an
smbodimant of thig inventien featuring a porous composits filtration structurs having 8

polymeric nanofiber mal spun on & micreporus asymmeatric 845 pm rated membrane.

1083 Figurs € depicts a comparison of water fluges for nanofibers with similar B



| ayer collected on a porous nmenbrane. [0:04]Figure 7 depicts a
conpari sonnartofibers with simlar retrovirus retention (1> 6 LRV): by’
exanpl e olvoaoransd’dber mat spun on coarse non. w\Wen and PaTASRPQHBIFA9
pl atform according to enbodi mrent of this 'hen feattporous Conpositeon
structure having a polyneric nanofiber |ayer collected on a porous
menbrane. [0651Figure 8 depicts filtration capacity conparisons of a

conposi t @bt Giddubh Aty 1Pk ALRLMIAE GRE R s@*‘asﬁﬂs*s@@ﬂﬁﬁt R o PbodibE s
invention featuring a porous conposite filtration elg a pol yneric nanoti ber

| ayer ColLack&mOfhdy &%Mﬁ@%}%ﬂﬁtr%n P ERIPA AL NS 1EXRERL SR {er@on@nof i ber

mat spun on coar se non-woven o0 dianeter and sim ar retenti onycopl asnma (

9 tyy). 4 RERERL RO Jr:!E»gWﬁ_QL ion strud08Inablly PUBLLEAL haRStinepat ent s

and patent appl i'cati ons it sup raare ereby |nCor porat ed by reference

in their’ 1Bl BB (;1 ubI ication, patent of patent
applicatic B’ ﬁe@é\ﬁ %@ r‘T(“flCglg uaﬁ ?:@ iegdl Cated to be incorporated by

f fupdh
detail, a s Py BES BB LSRR ese@%%eﬁﬁew@g%%ofr

| t th | to f te

dia;ncrl pt ?*O‘\ﬁw ‘1%“ “ﬁfg %Qféh?p}égg &C?}E%‘ﬁ‘ﬁﬂé"r %X"hﬂ? ¥Eéag}5ﬁ§&f*&é ‘“%l’lﬁ s t he
context clearly dictates ethei Vg? 2012/ 1 5679PC{:]'/WL‘JS,2¢QA1*2/QQ \1 49 For
the pur pé@%@ed%nf%?%g*%%éjc?ff‘@a‘?‘t T6n Wi SR PT dreoTaing b an einbudied

of this invention featiring 8 porous compesiie filtration struslure having a polymeric
nanofiber layer collected on a porous membrane.

{085} gure 8 depicts Sitration capacity comparisons of & cormpowiie Higuid
fitration platform according I an gmbodiment of this invention featuring & porous
composite fillration structure having 3 polymsric nancliber layer collected on a porous
mernbrane va. 8 comparstive example of & nanofiber mat spun on coarse narswoven of

same nanchber diameter and similar retertion for mycopiazma & 8 LRVL

DESCRIPTION OF THE EMBORDINENTS

{IG8] Al publications, patents and patent applications cited harsin, whether
SLDFA OF § ﬂfm arg hersby incorporated by eference in their antirety 10 he sames exlent
as ¥ sach individus! publisation, patent or patent application was speaifically and
ndividually indicated o be noorporated by reference.

{087 Refore descrtbhing the present invention in further detadl, 8 number of terms
will be defined. Use of these terms does not limit the scope of the invention but anly
sarve o faclitale the desoriplion of the invantion

N $

LEE As usad harin, the singular forms "2, "an”, and "the” hiclude plural

refarsnts unlsss the contexrt clgarly dictates othenvise,



val ues expressing quantities ofedients, percentages proportions of ma
reaction conditions, and other nut to be understood as being nodified in a
i nst anceswbyoidseesl y i ndi cat ed Accordni ess indicated t@®crhms2@anstsey i cal
par anet ers he inventi approxi mations, the ri..urnencal values set forth
In the spe exanples ad es.precisely as .possibie. Mreover. all ranges

di scl osed heren are to be range value of O d to enconpass flci im"

subsurmed thegei n. Fary@XamRs A 488 :PELNRER kAR dpbAsldidiiRg)s, kiheumkat mum al |
subranges having a mninmumvalue of equal to or grrid a ri-saxirriiue of

equal 10,95k eS8 dBRR ghishQkld NBESLR., nERARLABES: BlRoARM: R 88RO OUS
bi conti nuo
reaction conditions, and ofher numaencal values used o the specification and olaims, arg
to be wnderstond as being modified in all instances by the term "about”, whether or nnt
the femm “ghowt” is expressly indicated.
nTm Acoordingly, unless indicated o the contrary, the numenoal paramelsrs
st forth in the following speaification and alfached claims arg approximations.
Notwithstanding that the numerical ranges and paramelers selting forth the broad soope
of the invention ars approximations, the numerical values set forth in the spedific
gxamples gre reporded 38 precisely ag possible. Morsover, all ranges disclosed hersin
are 1o be understood o encompass all subranges subsumaed thersin, For sxample, a
range of 1 1o 107 includes any and all subranges between {and including) the minimum
value of 1 and the maximurm value of 10, that i, any and all subranges having &
mitmum valug of equal to or greater than 1 and a8 madimum valus of gqual 1o or less
than 10, e.g., 55 o 10
{71} As used heraln, ‘mambranes” gre defined as porous bicontinuous
structures, most commonly prepared by casting & polymer disparsion or solution into g

desiced shape, whare the porous structure is formed by the 30 called “phase inversion”

-y

rocess. Thoss skilled in the art will readily recognize that phase hversion can be
ancomplished, for example, by inducing polymer precipitation in contact with gas phass,
fguid phass, or by temperature. Nonlimiting examples of the desired shapes of the
mewbrang include holiow fiber, figl sheet, or other grticles. Fibrous malerials, such ag
woven angd non-waoven fabrics or mals, usuglly have 8 discontinuous solid phase, whith

fs formed by individual fibers entangled together. Fibrous matadals are genarally not

classifisd a8 membranes.



structures, nost comonly preparedcasting a polynmer dispersion or so,utio
desired shape, where the porous structure is fornmed by the so called "phase
i nvsmai oryo 2012/135&9 Those skilled in the ad wi D readi | y pceasgnizogisuhat
phase i nversion can be acconplished, for exanple, by inducing polyner
precipitation in contact wh gas phase, Iiquid phase or by tenperature.
Nonlimti ng exanpl es of the desired shapes of the nenbrane include hol | ow
fiber: flatilShHket, A5rsel Hereiar epETBEHCENYRBS ehpd@raharastesgdpydsvitvER and
non-woven fabrics or mats, usually have a disconth ri by ihdividWfibers
ent angl edoro§EE KEIe IPRISDEIS vaaY e gllardicnictbragunpitbindhe Shichises! BEA phase,
) re generally not WD 2012/ 135679PCT/ US2012/ 031549 [072] ed herein.. as
ymrhar acteshzedebyhdagshgynhen geprnsitzenefiyenibs gralivdsyugsrea if wivickhi n
th hickne s of the The MO commonetricclient structure, in which Slly
and cont ipmrakbky fravieduehid ecliofusdn veRees édonenasutde {otightitrel de)s e t he
other (often referred to as the "open" side). Asymmetric nenbranes

gener al | yidtaveida; fvitghethet Kuiket énnet inics the iviran esicpfAablecithivairgdnesss -
retention. Wien used in the configuration with their |arger pore Side

upst r eamgeasyiEehid @ e gue atey sithneng hputbianeef symeases Ageaspaked to
conparabl e symmetric nenbranes. See for exanple U S. Pat. No. 4, 261:834:

i ssued t GeRntidd. WeeWHEE. 188 cAgurddn Ji88theirAsyanpiel SiBieanes have hi ck,
dense surface regi onmany case a skin forne into its depth, e.g a tight

surf ace. é??z%mﬂ# iSmehehandonavd G2R:P B3eud pSUROnYMy Né@&%qctnm@ﬁﬁ*@ﬁﬁm'rhe

ternderin refers tob trrough a nip between two rolls, The rolls may be in
contact W{}Fﬁ o8RG RhRRE e !Q&?&)WE‘% Qﬁé! Becimyan abbe 8apshet weensthe rol

8udaces 10741The ternsnmedi um ', I'ter media" “fiftration nmedia,n
to 3B de Winter, an Apr. 14, ;@8‘& Asymmatric membranes have g thick, dense
surface region, OF in Many case 3 skin formed on one surface and exiending someawhal
o s depth, 0.9 a tight surface. Bee, U8 Pat. No. 4,628 583, issued to W, Wrasidio,
an Dec 18, 16888

73 The tarmn “calendering” refers to a process of passing a weh fi?‘imus}h a nip
betwieen two rolls. The rolis may be n contact with each other, or there riay be s fixed
af vartable gap betwean the rolf swfaces.

1074} The {erms "filter medium”, “ilter madia™, "ditration media”, or “Haton
madium” rafer o a matedal, or collection of material, through which a fluid carrving a
TTHOTOOIGA artaminant passes, whereln microsrganism is deposited inor on the
migtads or cellecton of materal

107 5] The terms "Hux” and "flow rate” are used interchangsably to refer o the
rate at which g volume of Huid passes through a fillration medium of g glven area,

{76] The tsrn nanofiver” fars o fibars having diameters or cross-sections

generally less than about 1w, typically varving from about 20 nm o about 800 nm,



medi um referor collection of Ematerial: thr mcroorgani smcontam nant
passes, wherein mcrotdeposited in or on the material or collection of
mat eri al .wo0 20{2788F67%he terns 'flux' and "flow rate" are BEEMS2012/031549
r:ierchangeabiy to refer to the rate at which a volunei passes through a
filtration nmedium [ 76] The term |l anoriber” refers to fibers having

di aneters or cross-sections generally |less than about 1 pm typically

varying fromrapout 120 14Mst-0n@beit o S00udmiy W2 k230 8:EARGH1H/SRA1.3/:031549

[0771The terns optional onean that the- qty descri bed event or oircior may
NOt OCCULye @y wn%"!aittéﬂt&@ 1@?@%%#} h&%a’cﬂ@'w@g%t RS HANGRSHY FRluRE GiiH@aRd

i nstances where it does ri he corn site liquid Fifiration pl atforns of

the presepled MENi Bl RCLHYS PRl Alhrxambenoa composite |iqurd

filtration. muring a porous etectrospun nano l'iquid flltratlon | ayer

deposited qarh POr o3 JRIBLANG.AASLIRN Bedhis, 8 ﬁ@g&%@gg; RN S

preferably di ane ean fe size ran mto about 1
A P T R
L on v 20 i e e Le L d 1 LLEati g o eﬁ%‘us%;n“:as: " on
e oo i bt fotd st BLat LT L2yt et e ke, 7 BASE
ahout 150 nm, 2 mesn pore size ranging from about 8.05 pm o abowt 1 um, 3 porasity
ranging from about 80% o about 88%, & thickness ranging from about T um o abouwt
100 um, preferably from sbout 1 pam and abiout 50 um, more preferably betwean 1 um
and 20 win. The composite liquid filtration platforms {aught harein have 3 watsy
permeabilily greater than aboul 100 LMH/psi.
{078; fre addition, the composite liquid filtration platforms taught herein have a
high retention of microorganisms providing af least 3 LRY metrovirus removal and at
feast § LRV of bactedy and myeopdasma, and preferably at loast § LRV of ratrovins
removal and 3! least § LRV of bacteria and mycoplasma.
080; The glectrospun nanofibers are prepared from a broad ange of polymars
and polymer compoungds, oluding thermopiastic and thenmossiting polymars. Sudtable
;miyme:g include, bul are not Bmited {0, nylon, polyimide, aliphatic polyamide, aromatic
polyarrdde, polysuffone, callulose, celliiose asostate, polyether sulfone, polywrathans,
polyiurea uethane), polvbenzimidazols (PB, polyetherimide, polvacrylonitiile (FAN),
polvlathviene tersphihalpie), polvpropylens, polvaniing, poly{ethylane oxide),

polylethvisne naphthaiate), poly(butylene teraphthalate), styrene buladisne rubler,

polystyrena, polyiving! chdoride), polyiving alcohol), polyivinylidene fluoride), polyiving



RV of bacteria andoplasma, arid oreferably at least 6 IRV of renoval and at
least 9 LRV of bacteria and nycoptasma. [080] The el ectrospun nanofibe.rs
are prepawvedofyiess’a b:road range O pol yners and pol ynePCTarspaansss4o

i ncluding thernoplastic and tl'ternoettl ng polyners. Suitable polyners

i nclude, but are not Hmited to, nylon, polyitnide, aliphatic

pol yam de. . aromati ¢ pol yam de, pol ysul fone, cellul ose: cellul ose acetate,

pol yet hets Sl 0N ROLYHIAERIR8: PAMAVLEsRaIN AR BLhenakokdazol e
(Pel) pgljs’gt he%%’rin de, ¥po |y c?;yﬁo&nltrlrc gﬁx , pol y%(et hyl gﬁe

t er epht hal tggig)&}hpg %9& WhED Gl yani | net hyI ene oxi de), poly(ethvlene
napht hal at e) pol y(butyl ene terepht nal ate), styrene butadi ene rubber.

| yst POl ny, 5 lid
R A L i s R P i L ol st e T
PMVEopol, o Ly
E061] FPOHASS Q&!M@&H{z% w?&&oé{g%;&ﬁg&gs;%;%% S%‘% &g Ay E?ﬂf@ﬂ@of s
bilit t K o f
SR P B EEP PR B T e
bubbl e poi nt al.l en par gngf a cergaln ]

4926 and eac

|
oo € B dheah NS ﬂ%%‘ﬁ&b@%%%@%% S RaedehPeitin g

can produce a sli differ asur e neasure LS useda
Comar s Gh s siRE St iige o e SULCEE Oh FPGr B aEeo TUF SBYHAE et agtn ai
an electrast.un mat, DESCRI PTI ON CF THE EMBCDI MENTS 082%15_% schematicafly
depi ct s SReGRH ¢ %fﬁaieﬁﬁ’”ﬁri%éﬁt@ i AN FRCTE BHPBSEHE® PiSGEY FFFPati on platform
includes a conposite |iq medium having an. electrospun porous ,,anofiber

mat 60 mAdESHEOHE §R wghe EEaTEOSp méﬁl%’n&e#iﬁ@f RERBhNBRT FRETERAGIES

nanofi ber is nmade by a single {pass of a nmoving collection apparatus 30

posi t i onsthdycialwern goshireied ¢iGrani tgoiramiPosaihia beblatsc pagibans and

an slectrospun mat,

DESCRIPTION OF THE ENBODIMENTS

10821 Fig. 1 achernatically depicts one ambodiment of the prasent nvention
wherain the composite liquid fliration platform indudes a composita liguid filtration
madium having an slectrospun porous nanocfiber mat 80 made from 3 single slectrospun
golymeric nanofiber. The single nanofiber is made by a single pass of a moving
coflection apparatus 30 positionad betweer a charged rotating drum 20 and a collecting
slentrode 28 through the elecrospinning process, I will be appreciated that s nanefiber
web or mat can be formad by one o more spitning drams 20 running simultansously
above the same moving collection apparatus 30,

183 fr1 Fig. 1. the moving collection apparatus 30 is prefevably & moving
acliection bel posttionad within an electrostatic fleld 50 between the spinning charged

sotating drom 20 and the elentrode 35 The polymer solution 1) can be subjected o an



de 35 through the electrospinni g process. It will be appreciated that a
web or mat can he forned by one or nore spinning drunms 20 running simnult
above theweanr/135€0l | ecti on apparatus 30. 10831l n Fnovi mgTaskéieosisen
apparatuspreferably a noving collectionned within an electrostatic field
Gen the spinning charged rotating drum 20 and the el ectrode 35. The pol yner
soution 10 can be s WO 2012/ 135679PCT/ US2012/ 031549 ha |:from a hi gh

vof t age stunticed getestisHrrhathigdhvalaeetrosputl. $4t Bahed G SchOHHE BIEBET et i el d
50 [084] I n ot her enbodi nents taught herthe & ectrosptin fibrous mat 00 is
formed bys depiased ngthe sieatia Halt Spun-f i ber - don sol ution. The resulting

nanofi ber mat preferably has a basi sbetween about | gi mand about 20 igirt,
tired rna diggdbasi &) ofier empodmcals sofiventrahatwedaposatedirogs mamdved)
-trier enbodinents the conposite liquid filtration platformincludes

vari ety dfrpelipusSssivigizesierntrasplit nhayldred) frenby arien sulbBtir dtheseenitisupport s
that Cifl be arranged oh a noving collection belt to .collect and conbi ne

with el ectsefipd dmanefkidiey (& sfesiwngygnealaat aia&purgfmaaaﬁ inbent 20 Noritirri
.g exanpl es of ed porous substrates supports include OiQu5 film nenbr anes.

Por ous f idemmOBNPLEARES Jrg bRERAUEEiter the residusl salvent BASH@oRALY PEESH

i ncl udi ng poi yam des. pol ysul fones pol yvinylid

fluoridepelydetthyl eel tul ose. ceI | ol ose esters, polyacrylonitrile,
Met hods of producing porous fi I m ' menbranes incl ude sol uti on phase

I nversion, % ﬂger AHEPer LRdUSEthRNRASESeRanaRNTHRS) liqvaRefubRdusedyphase
separati on sol vent and chem'cal etching. rbQu tenperature and
heat - assi;ghgghbl %f’i@y oBb&BLE QJ“@% onhl @%%Eét%@%éfﬁ@sr S@fsubatrates or supponts that
man be arrangsd on g moving collection bell fo collect and combine with alectrospun
nanofibar(s) forming an slectrospun nanofiber mat therson

10861 Mon-irmiting examples of single or multilayersd porous substrates of
supports include porous filey mambranes, Porous film membranes are produced fom a
variety of thermopiastio polymars, including polyamidas, polysulfonas, polyvinylidensg
fluaride, polvietrafiucrosthylens, celldose, cellulose sxlars, polyaoryionititle, slc.
Meathods of produsing porous film membranes include solution phase iversion,
temperature-nduced phase separation (TIPE), vaporinduced phase separtion (VIRE],
solvert and chamical stohing, room mpsratire and haat-sesisted biaxdal stretehing,
and combinations thereaf.

{0871 The surface roughness of the porous membrane substrate of the
gomposite Hiration meadium that captures or collects the elecirospun nanohbsrs was
observad to at lbast partially determine the properties in the resulting nanofiber layer of
the final composite fitration structurg. For sxamiple, we have observed that the
smoother tha surface of the substrate used to collent the slectrospun nanahbers, the

more uniform the resulting nancofiber laver structure. Imprints of palferns on the swlace

By
[



[ 087] The surface roughness of V'e porous enbrane substrate conposite
filtrationa that captures oracts |bs eleotte pun.inanotibers was Observed
to atthe woapt2h3se19t he resul ti ng nanofi her | ayer of thepCirnmsboceszesi t
iitrattoitune, For exanple, we have observed the surfacetrate used to
collect the | ectrospun nanofibers tI WD 2012/ 135679PCT/ US2012/ 031549 n
collected thereon fii ded nonWwver.. substrate used to coHeot the el.spun

nanof i be of a @i gk Lﬁbr‘ﬁb@ﬁ&f‘@bw@ﬂ&@mﬁ:@& fiesUbidongh: e faNakayerndrayes:
owever. such pattern i nprints.n when an eiectresprin collected on a porous

nMenbr ane i §up sl bBs oMt RO f@t?%@@&*’@z ofdrthe RRRALHRSS Ay es sas@bkl@ated on the
snoot h nmenbrane sulted in a eatur el ess nanofi ber !aye formed thereon.

[88] In esndabdyerbodi-iRRLS,, lich RELEATRAS! 1&%@5&%&& Sodd dbdAkh aRcak ()

herein, an el ectrospun nanci ber layer is bonded to a porous rrerrbrane

substr at f;%ﬂ‘!rr?g'“mgmmxﬁ B gﬁtm%g&h& & clﬁ}ﬂ‘&%ﬂkth&% 2y Ry | imted

tothermalm | go bet ween heat e nip rolls. ultrasonic d

t hr ough %Q%b@@é@f?}ﬁg?@gh&gﬁb%F;,[gﬁe ‘H?mﬂ% ﬁ%a'@'%ﬂm ﬁ&%?’%&gé@e menbr ane

support I Nncrease ren . ression resistance

of e CHMRISERE eSEl Dol DL SSHEhES SRS R bldehy 3t on medi um i

capable o

0a8] in cerlatn embodiments of the composie ligud fiitration platform taught
hersin, an slectrospun nancdiber layer s bonded to & porous membrane substrate of
support, Bonding may be accomplishad by methods wall known in the &, inaluding b
it imited to thermal cslendering hotwean heated smooth nip rolis, ultrasonic bonding,
and through gas bonding. Bonding the slectrospun nanuliber layer o the membrang
support incraases the strength of the composite, and the compression resistance of the
gomposita, such that the resulling composite Sltration medium & capabdle of withstanding
forces associated with Torming the composite filtration platform into useful fiiter shapes
argd sizes, o when insiglling the composite fitration platform inlo a filtration device.

ss I other embodiments of the composite iquid fillration platherm taught
harsin, the physical proparties of the porous slectrospun nanofiber laver such as
thickness, denslly, and the size and shape of the pores may be affectad depending on
the bonding methods used between the nanpfibar laver and the membrane suppoart. For
mistance, thermal calendaring can be used o reduce the thickness and increase the
densily and reduce the porosity of the sleatrospun nanofiber layer, and reduce the size
of the poras. This in turn decreases the flow rate through the composils fitration

medium at 8 given applied diferential pressurs,



forces associated with form ng the cornpositash and sizes, or when
installing the conposite filtration platforminto a filtrationvice. [89]

I n ot her ewbadizmsd7s of the conposite liquid filtration lpatrfuscomivaisght

t he physical properties of the porous el eotrosoUn nanotiber |ayer Such as
t hi ckness, density, and the size and shape O the pores nmay be affected e
endi ng on the bondi ng net hods used between the .nanotiber |ayer and the
nmenbrane suggort. Foseidst aneeonit ibosdinghyi iC&ﬁW@&rﬁQﬁQ@P@Q‘ gaed to reduce
the thickness and in density and reduce the porosity of the el eotrospun

nanot i bersid AYRpuARENHBLY ol RRNThZ®1DhakR8aPY 68 TR And HidksdesERASES
the flow rate through the conposite fiitration L:umat a given applied

di f f er entjahiRAESS UESsit 539@,%9&1%&%3@@%%%{% WS2Qket 034249 [90] In

general , ultrasoni ¢ bonding w l bond to a snaller area of the pun

nanof i her er thapi gad 8f 0 & kness,
densi ![y and@gore o Zég& aF b, 1M REQY E?]al%éﬁf ﬁ‘iJ:z ‘% ef; ";633!1“; fhig!

el ectrospun n‘o I her gas or hot air

bondi n9_ SRAEEALAY phASHE BB &s;%;}ﬁé} dier ﬂg&s&wef%nﬂ rROEELAe, SLeckr ospun

nanof | ber T ayer, &refore a ppl cat| onsmai it ai ni ng

hi gher f':xﬁ%ﬁ )i \:@W%zggoon g sa:%% M‘K‘?ﬂﬁ@g 11 tqg‘ fo‘ (‘E& Fﬁ@% d&% must

be taken hano I"ay e, "SUch Tt e nano I'bers
melt and no Qqnger ret P Lrene, r-bpn R o FESULL he nano
g conpl et el g})%‘uchf MY b For ﬁg SRR S gt%a B ‘ﬁ%g%% (fl'% % s

heated t tub t tu
and about"S66e CHE %%ﬁhﬁ’éefgf%o?%@?%a.w%%% e ey *5?}*‘*%‘@*

substrate, can be co ? ssed mee t he n|9) 8lls pressure ra glng from
about O |;>E,u Wy gs é“za(\% gcaym 1 21{3 gxtremes, over-donading wi ewii n the panofers

siting compintely such that a film & formed. One or both of the nip mlis usad is heated
o a temperature of belween about ambient femperaturs, &.g., abowt 25°C and abowd
3G0°C. The porous nancliber medium andfor porous suppornt or subsirals, can be
compressed betwee mthefxgswﬁaaia*vasnx@fangmg%w\ﬁiﬁbuaxaébﬂﬁﬁéahautﬁﬂﬁ&
ddin (178 kgfom

HUSKY Calendering conditions, g.g.. roll femperature, nip pressurs and ting
speead, can be adiusted to achisve the desived solidity. In general, applivation of higher
tfemperature, pressure, andior residencs Hime under elevated lemparaturs andiar
pressurs rasults i increased solidity,

{084} Other machanical steps, such as strefching, cooling, heating, sintering,
annealing, resling, utresling, and the fike, may optionally be included in the overall
procass of forming, shaping and making the composite filfration madium as Hegired.

{085} The porosity of the composite fitration rmedium faught hersin can be
modified as g resull of calendaring, wherain the porosity ranges from about 5% to abowt

SO%.



Cal endering conditions, e, roll tenperaturenip pressure and |line

canadj usted to achieve the desired solidity. In general application of

hi gher tewpenetssey prfloe time under el evated tenperat RCE/UBREL20815py eSSUr €
results in ncreased solidity, [094] O her nechani cal steps, such as
stretching, cooling, heating. sintering. annealing, reeling, unreeling, and
the likeoptionally be process of form ng, shaping and making, o posite

filtration gedi um as desh keodiments of the composites igui®Bik¥oObithen carposi te
filtration mediut taught herel n can he nodifieral endaring, wherein e

por 0si ty :3Ng8%e LHAMAREHERY ét&ﬁ@:t'«ﬁbst%%’é%@ﬁ@zggq hiS2R326 935549

1096]in certain enbodi nents of e corrp05|te iquid filtrationplatform

t 2“9 ht he?{a%lﬁ%eé JQ,@BEP‘?‘W‘&%% EE%@% ks ﬁ‘»’!?%?@)&%i gehibiie: & é@zré?li' Rnother

ye or pnbrane acent ano ayer’ of a ‘porous nenbrane. For exanpl e.

|ayeri ng 0, L JBOKAUSBANIARS, SURSLLAL S IPLANESoRALTLEE FELaRLIAD.

Layedng p rous ane su Sstrates of erent compositionused to

| mprove ttttgf&ggg,gal RER ;gge@ﬂgg% B SRR LRSS e come o

consi dera onsoosi ng a I’ll UI t (O] C]UI

the. pr ocdUERe B Ay T GRACEdD & FHEOYT i bﬂ"??ﬁ\gai‘%&%ﬁ b Shere fha'

conposite, i tlg%cgl a may he installed, ease of sterilization and validation.
The por oUS™“ N8 ane substrates used to collect the el ectrospurt nanofi ber

| ayer (s) can incile-|ayer or nul ti-laye onf| uration, wherein
the prefer r@gbﬁnbef’“t%ﬁfr q”é‘?@r&%‘ﬁé’e 1‘%&@3\ Hipe tﬁﬁﬁuiﬁo%/ h%‘ﬁbigé?ﬁ%“%“BBStl ate

often sel ected based onl CC | eratl ons.
substrate n the composite lquid filtration platform include exanormios and corverdence

of the compaosite quid fitration media, the processas usad o manufacture the liquid
filiration device where the composits liquid filtration meadia may be rsialled, eage of
sterfization and validation. The porous membrang substrates usad {o collect the
slectrospun nancliber layeris) can be a single-layer or in a mulikayer configuration,
wharsin the preferred number of layers that make up the porous membrane substrale &
often seleciad hasad on practicval considarations.

098] Additionafly, the benefits of the composite liquid filtration platform as
taught herain weve ohsarved 1o be more pronounced al lowsr nanofiber mat
thinknessas, and therefore shorter spin mes. Thesa henefds can alse be utilized on g
moving wab that will directly transhste into fagler production ing spaeds. By spinning the
nanofiber layer on a smoother support swiface, the same bubble point was obsenved 1o
e achisved but at 8 lower nanofiber layer thickness. These advartagss resull in both
agonomic benefits frown faster production sate, and in greater parmsability of a thinner
nanofiter layer.

194 fa wther smbodimerds taught herein, the composite liguid fittration platiorm

inchales:



(098j Addt honal I y, thebenefits of the conposite liquid filtration platform
as taught herein were observed to be nore pronounced at | ower nancti ber mat
t hi cknesswe,20endséiher ef ore shorter spin tinmes. These bemrefriussoicasisa® so be
utilized on a sang web that will directly translate into faster
production |ine speeds. By spinning the narsofiher iyer C 41 a snoot her
support surface the sanme bubbl e point was observed to be achi eved but at a
| ower nanobl§éE0] ayérs vhicgknegsiraTheserativhnhaties nobdampnstimiedohnemdogneer
production "ate, and in greater perneability of a thinner nanofiber [099jIn
ot her enbddirpemtsistiag shigls lgerisngh tthe conposite liquid filtration p includ
[0100} 1) a porous nenbrane suppot whch does not denonstratetention of a
retrovirus §#181si ngl e i gyl 1 ysuckeERifRto Expfres DpbrpmratediaMel thirp ore

pr menbr ane avaUabe from EMD MApore Corp lion, Bifierica, MA [01021t he
Ret r apor @tivpotr @eeocarahiabdsfroi&Er w Mpore Corp() MA, or [0103]fir) the 0.45
pmrated nylo.n nenbrane60 pmrated nyl on nenbrane by Menbrane GrbH
Wippertal , @euppny. andifORPddapoi yeelteata®pibhRomABMD hatyere deposited
on the porous nenbrane support, and havingssl hetraVires retention at

hi gher persipalibs Witidiicht g@t bon capacily (due to porous flienmhrne prefUr
and | ower nanofi ber production cost (due to the |ow nanofl ber ayer

tifickness)rgypap [ 0105ka§ QP Ak RStk R HARBMb:RE RI0ast [PSBUR ManoNn- woven
mats, el ectrospun nonotibers are produced by collecting the nanofibers on

the fight,&hdenlly, AeAEMIIRENLLG \DOEQYE: SRR, sepbrane. The final .

structer | the conposte qud filtratiLJrm nckides a conposite filtratien

Medi um conSiag e Yeh, LR -th@iectrospun nanofiber tayer, depositet an the porous
mambrane support, and having a thiskness less than is usad {0 achieve ull retrovirus
rstertion at highar permeability, Hltration capacity (due 1o porous membrane prafiltration]
and lower nanofiber production cost (dus to the low nanofiber layer thickness).

IG105] o order o improve the throughput of glectrospun nanofiber non-wovern
mats, electrospun nanofibers are produced by collecting the nanofibers on the tght side
of an asymmetic porous support mambrane. The fingl structuve of the comgosite iguid
fitration platform includes a composite filtration medium constructed such that the
porous support mambrane has bigger pores in s ightest portion as compared o the
pore size of e electrospin nanclber layer, so that the porous support membrane
serves as a prefiler and is focated upstream of the electrospun nanchiber layer, In this
arrangement of the compuosile filtration platform, the asymmelris porous support
membrana of the composite filtration medium provides the prafitiration capabiliies, and
tha slectrospun ranofiber layer provides the majorily of the microvrganiam retention.

IOI08] Two nordlimiting examples of the composite iquid Hitration platform bught
harein nlude 1) & somposite fifration structure or medium fesluning 8 mycoplasma-

rterstive nanofiber mat {1 proerated) deposited on a .5 wm rated prafilley porous

-



pa IS Sort mer r.bElgg.e 'pores in its tightest portion as conpared to the
porel ectrospan nanofi ber | ayer, so that the porous support nenbrane serves
as a prefwbterz/asd9ol s | ocated upstream of the el ectrespeciritseakaysse | n
agenl ent of the conpositepiatform the asynrnethc porous support nenbrane
of the conponedi um provides the refill:radar capabilities, and the el ospun
hanofi b. er | ayer prov des theOismretention, [01 Two non-limting

exanpl es y9frmbRe: GOIPOsi g Hauditbie B8Rl :ﬁémﬁmémmkﬂéwm hiekbade 1) a
conposite fUtration structure or mediumfeaturing a rnycopasma retentive

nanof i bere k0 ' thy bl oledhd SeRSHERG: 08By &P PR 84 \Qé%f’-!_!g&e{‘} porous
WO 2012/ 135679PCT/ U82012/ 031549 menbrane suppoft such as M1 pore ExpreEI\/D

M H g&‘%%%ﬂg itk ¢ o @alcf] [aVistdh Hmyalk, e%ﬂé?ﬁ&] RO CuetBad waig lipars Bxores 35"

urn rated porous nenbrane support such as por e Expr rane by

EMD M I 1i SLRQL AL QR €N, cis V\hllethe corrp05|te
liquid flgﬁtl’g?l on g it ftggtr’\hh' ur%f r{ggygﬁg?efﬁfﬁatl on porous support
merbr ane anfiem AR IR0 S SLoR R ARNOLLRS, LA BhoT VBl LS Boros

retention o I‘OVI ereon, nei us Sup )Or t

H‘Sﬁﬁ???a«?@% **ﬁf‘” LR ﬁi%w.%ﬁ%“' e APReT Bl @ﬁ@[“?%ﬁ‘%g of a
non-limtin

f
Spun On &CBRIe va%%fﬁmwé% ety P%f?i% 5%‘%%8?%3@51@%{7‘6?% B ey

havi ng mratin such a Mlllore reS—SCf EVMD M |'lipore
Cor por at F‘éﬁ%‘ep 51‘}1 B ¢ ‘?f’é? PR Oéﬁh & s‘*p‘FB? 3t GREEPR G ‘é"ff@@t}‘rt “S‘pﬁﬁ“ﬁ &Hol i ber s

10109] The processester making the el ectrospun nanotiber |ayers are thu
) 2005102 A1 PSTGR T SR THTOSHST BFEAP PO SHTRUF T R BHPISAERTHS i gned to
El m oo.

" partia iy baclerial ratentive nanofibar layar is spun on a partially bacterial refentive

prefiltar porous membrane support having 3 0.5 um rating, such as Millipore Fxpross™
SHUT filter, by EMD Millipore Corporation, Billenica, MA.

08 Frocess for producing slectraspun nancfibers

1081 The processes for making the slectrospun nanofiber layers amns taught, for
axgmpla i WO 2005/024 101, WO 20081131081, and WO 2008108803, sach
incarparated herein by refersnce in their entirely, and each assigned to Bimarco s.0.o.,
of Liherec, Czech Republic,

0] WO 200524101, titled “A Meathod OF Nanofibres Production From
Folymer Solution Using a Electrostatic Spinning And A Devics For Carrying Gut The
Mathod", teaches, for example, producing nanchibers from a polymer solution inside &
vacuum chamber using electrostatic spinning in an slectric finld crealed betwean a

redating charged elecirode and @ nounter electrode having a differentd potantial,

[111] The polymas solution s held in a sontainar having al east one polymay

sclution inlet and outlet. Tha inlet and outled serve o circulate the polymer sclulion and

maintain the polymer solution at a constart height level in the container,

N

Pl



of Liberec, Czech Republic. 101101WD 2005/ 024101, tit!ofibres Production
Pro Using a Electrostatic Spinning And A Device For

Car ryi ng Wotoibhssdvet hod' , teaches, for exanple: produci rgTrsp@biogrsss from a
pol ymer elution inside a vacuum chanber using electrostatic spinning in an
electric held created between a hargod |Ic rode e a counter el edrode having
a drffereril potential, 11] The polyner solution is held in a

cont ai nerclymert  An audiBhedryiandi’ Qibhetdichhen il eiaiand nobdets Besne to
circulate the polymer solution and maintai npol yner sol uti onConstant hei ght
level i Ntk the\WRaZRMLAARGEINETANSZ204:3¢ OREA4E: [(Bl2Anr muxbhany drg air

supply, which can be heated if needed. is |ocated between the charged

el ectr odenrand.AdIeceRint GhmelRalh oder MRacsieid! sddhank £hatged: @haglnpde s
i mrersed inthe polyner solution such that a portion of the soi "0 is

taken up s@%&:&ﬂ%%ttﬁﬁ oot 8880k ﬁ*z@%ﬁ‘éﬁg%f‘%é}ﬁe@ haLged: el §ckiade,; v@nd spun
t e et ween

| Q
into the region of e vacuum chanber rotating the charged

el ectrode and .t Q}% LQuUNLes, elec g)%‘%%%ﬁ%%éﬁﬁtﬂlﬁgcﬁ%f?&t; GGk bTREES,
aylor cones having a high stabi |(ty

th&l otion Torns on the surface of thed

el oot o0 iy 6B 2 JhOSBLLOTBL Y (] BEREA 00 Bl oL PBAlLbRE S, Thgpount es a

cylindrical surface orated c erial of a’vacuum
chamber connect ed tqga} vacuum source, Part of. the surface of .the counter
ONRCELEH. L0 YARHHM, SOUTee PAF b ool bne cBULLACE oL Nfh
el ect r od& BT AT EEY AdHF” PHE WP Al TG Bharged aifudy FiddeE & ras ad " conveyor
surface for a bﬁckén fabric | wtrecrti‘ %I‘xvixp__i, CQ: sfy%_ﬁel ect :spun nariofibers
wheneoki MEEFEET FEAUY BB PHRRVERAFIGT € SSoRFIYEREY on an unreeling devi ce
arranged on gng« sL&gof the vacuum charTbeEr and§ on. ran edﬁgn th e ger si de
% 3 W OOANES t\{\_; SR B¢ 3 & o :\ i“ @ VIS g }:} » {1 & Fogteas .
of the vaculim'chanBeF “P4AFTRECEPILLSE B FHERI Y RET S8 Y SR5YinEd Banol i ber s
to drift away to the counter electrode, and are ‘c?nse uentﬁlf%_y deposited on
SN SR I sahiss et . 4 o 3 SNF oAy gt i ey ol - PRt N Zed NE Y
the surf &EBYGHIEHBUBHRKIRGOIES STHHDT £ AGERHER FAAPPFRY RS RN fi REF Y Pay er
The thicknessOiber is ‘ ‘ ' o .
zouros. Part of the surface of the counter eleckrode located near the rolating charged
gleotrode, senves as 8 conveyar surface for a backing fabric material which supports the
slectrospun nanofibers whan depositad therson. The backing fabric support mataral i
postioned on an unresling device arangad on gng side of the vacuum chamber and on
3 recling device arranged on the other side of the vasuum chamber.
0114]  The effects of the electric fisld cause the formed nanofibars fo deft away
@ the counter slectrods, and are conssguently deposited on the surface of the basking
fabric supporting matarial into & nanofiber layer. The thicknsss of the nanofiber is
controfled using the veloolty of the unreeling and the resling devices.
0118] The diift of the nancfibars away of the charged slectrode to the oourter
glectrode is promoted by streaming of air sucked into the vasuum chamber and passing

atong the palymer solution container and the charged sisctrode and passing through the

hacking fabiic wesenting plane supporiing material of the nanofibers and the courder

0118 Test Methods



controll ed usi electrode The d ity of the unreefin; and the eling devices.
noti bers away of the charged el ectrode to the counter strearrung of air
sucked i nwo 20fre13s@euum chanber and passing along the pecymseoi2obisite on
contai ner and the chitd passing through the backing fabric presenting pl ane
supporting material ofnefibekts and the counter Test Methods WO

2012/ 135679PCT/ US2012/ 031549 Basi si eterm ned accordi ng to ASTM procedure

D- 3776, "St@nddld Fesk Wbghods ddermihes aRardbpilt AT dhapoveiightl)-2efS.Fabri ¢
which is incorporated herein bin itsad reported ginma, 101181Porosity was

cal cul at é8idngad] Vediibghotrelcbdkiss Reeilhit e (Wegiii By abbhe”. potgmer density in,
by the sanple thicknes:plying b 100, and subtraRi ng nunber from 100, te.,
por" 0 [ basispeiatel ghtih(dersirtynainbisakiesy znd rd@0kd 5§ @B191F ber di aneter was
determ ned as follows: A scanning electron icrosoope SEM inmage was taken
at 40, 000 oy:160; 00@ctduwpsRaidicat borivighdSetfsshanalhberhmasmpanpken” The
di aneter of ten (10) clearly distinguis able ured from
each SEMyyfB@eoRRt:eeoRdedyaht oGk afinbicasicness inaticibrehdesh bging hunps
of nanofi bers, polynmer drops! Intersections of nanofibers, etc The average

fiber di amet gfa Bustades 1o r8a8Rg saMRkervas1@ped . bemkestidn 1Magssingl e
average fie for each sanple.

waightfdansgily » thickness) x 100

§
§v
X

I0118]  Fiber diameter was determingd as follows: A scanning shectron
minrgscops (SEM) image was faken at 48,000 or 80,000 imes magnification of sach

sitde of nanofiber mat sample. The digmeter of tan 10 clesrly distinguishabls

s
1]
@
Z
@
47
o
o
b

nanchibers were measurad from each SEM image and recorded. lireglianties wi
ingheded (e, lumps of nanciibers, polymer drops, intersections of nanofivers, sle). The
averags fbey diameter for both sides of sach sample was caloulated and averaged o
result i1 @ single average fiker diameter value for each sampls.

1201 Thickness wag determined aocording 1o ASTM procsdure DIT77-84,
“Standard Test Method for Thickness of Texdile Materials®, which is incorporated hersin
by refersnne in its entirety, and is reported in micrometers {m).

121 Mean How bublde point was messured according o ASTM procedure
Degignation E 1284-88, "Standard Test Method for Pore SBizg Characteristiog of
Marmbrane Fitters Using Automated Uiquid Porosimeter, by using automated bubble
poing method from ASTM Designation F 316 using & custom-buill capiflary flow
porosimeter, in principle simiar (o a commercial apparatus from Porous Malenials, Ing
{FRAD, Hthaea, MUY Individugl samples of 28 mm in dimeter were welled with Bopropy
aloohol Each sample was placed in a holder, and a differaniial pressurs of am was

appiisd and the fluid removad from the sample. The differential prassurs at which wet

3
4



101201Thi ckness wasi nod according to ASTM proce go DI Standard Test Method
for Thickness of Textile Materials", which is incorporated herein by
ref erencewonoizssentirety, and is reported in m cronet ePsT(se912/0813221j Mean
fl ow bubbe Point was neasured according to ASTM procedure E 1294- 89.
"Standard Test Method for Pore racteristios of 1, Filters Using Autonated
Li qui d Ponosl by usi ng aut omated -ubbl pain, nmethod from ASTM Desi gnhation F

316 usingi o%*;@le!zlc‘lé&*@Q’@HH%W?Hhoﬁ%x@ﬁr%hs@&i&we*ﬂ;@ el phesstd Mgt 0 a
commerci al apparatus from Porous Materials, Inc, (PI\/I) It haca, N.Y.

| ndi vi duahe 58P RS @fre 2ReM @R SorthiAaRl; %ﬁim\ﬁ&fy@"mi ted with isopropyl alcohol.
Each sanple was placed in a hol der, a differential pressure of air was

appl | ed anddibey {1 uig £ QRG] GO 18 53 £28501 Brahandishherentd aloprassure at

whi ch wet 12/ 135679PCT/ Us2012/ 03 Is equal to onehaft the
d(fl t. db
oM °¥Vovl“§%a“;é‘>%“’§ byrB0 oy e %%ﬁ‘f?h% Nk pasé§§*‘?{l?’§§g RGeS aphLEd DY
gl ven aré d, was, &?@%H@?‘?m% A 'J?fg ds‘%‘ &@H%\t »"%@tﬁ%@ t’tah: QHQ{TEh »inlwé QJ&

medi um sa es havi h 9. I'On ar ea er was

forcedthr mon, the fi Itrate
end via §}L§g}}* %&n‘%‘,ﬁ?{% F ‘{’L{\Fé‘qg%rér ?'idsbff*%tgﬁée %ngl??bspun mat :I\B.S

d 2 mbi ! h (3 2 5] % Y -§ 29 magsureg sy d
T enge test i %‘ﬁ odP ’r??f%‘g"“g‘% R P ed o R BB U o  hat < he
effective_ orq grour gneral l%h* eb%f LW th the fIbE]’ di amet er and
decr ease WF BoF "’mewfoif DTBUBDIE 55 HENRY N FOVR B IR ETRVEN it way

to maasur% effectlvei , N
allenge test with { ‘%5? cﬁ&w of cerlain size, i s generally known that the effective pore

size ot a fibrous mat gengrally oresses with the fiber diameler and dacreases with
parosity.
[3124] Bubble poind test provides a convenient way o measure sffective pore

size, Bubble point is oslouiated from the following squation:

n
B lopasd
{01285] & ,whare F s the bubble polrd prassurg, v is the sifgee {ansio

of the probe fid, 1 is the pore radiug, and 6 8 the Bquid-solid confact angle.

01281 Mombrane manufactiunsrs assigh nomingt porg size raings 1o commergial
mambrang fiters, which arg based on thely retention charagtenstic

14T Retrovirus retaeation

H0138]  Retrovirus retention was tested using the following test method, The
bacteriophage PRTT2 challenge stream was preparad with 2 minimum tier of 1.0010°
gfufml in a phosphate bufler saline {(PRES) soldion, Porous media o be lested weve ot
125 o dises angd sealed i overnmolded polypropylens devices of the samxz type as
the OpliScala 25 disposable capsule fiter devices commeially avallable from EMD

Mitlipore Corporation, The devices include arn air vent to prevent alr locking, and have



ble point is calculated fromthe follow ng equation: 101251.where P is the
bubbl e point pressure, y is the surface tension of the probeis the poreand
0 is the.wo-2e1271ds5€9nt act angl e, (012%1Menbr ane manuf RCTATISR12/030539 gn

nom nal ore size ratings to comoroici nmenbrane fllters, which are based on
their retention characteristics. il0-1271Retrovirus retention

Retrovirus retention was tested usng the follow ng test nmethod. The

bact er i ophageRR/TiRachakl-ange stieamenagsprep akaduwh thad vyt kbber  of
1, pfulnt. in a phosphat esaline (PBS) solution. Porous nedia be tested were

cut in 29 éﬂ%ﬁltéQ§$‘§<ﬂ%%‘3§@§@qg@r’d&%&ﬁ¥k%@@et%‘@&@@a@f" ;{‘%ﬁ‘ﬁff&@ﬂ@ b¥pe@s the

0Qi Scal e 25 ai sposabl e capsule filter devices conmmercially availabl from
EM ) Thokg;GorRanaki A ?E@%;E%%&ﬁ!ﬁcd BEkHOe SR ?(\::“ s?&*f i?& d%r V%M@' r
| ocki ng, and have WD 2012/ 13567/9PCT/US2012/ 031549 t 3. . These devi ces

wer e theQgg@gggqgg,agxﬂ(}ﬁfas%%bgagw e%@hb&ﬂ?@?% ‘:?%@B@&%@%'d&é e‘%ﬁ&&?*@@z‘ by

wat er pS1 pressure rut of filtrat , collection OI’ after 4

hauL of it \53 c‘(ﬁ’{"@te@e@\(ﬁ’é(n E?(Q Pl ?@%&k%@@a&ﬁ%iﬂ"& 8 o ‘?5*% ﬂ'!m% f:ﬂ; nal

f eed vvere on ed oni Iat I icu

(L i &8l . 0%2 opl asma r count es on 0303

I\/l(/cCR)\p/i) I :NE’? njé é?q%‘}lgﬁ {E‘gq‘ ’V\é%r é&g:}?é}é by chal I>leng| ng thg tii nbEanes

8. 77" 10f or s re.cm of menmbrane (CFU A) Th were chal |l enged
oo T MeeBEnar R T 0

with 50 ni Ho fa | ai dhen -id with 50 m of
ycoprasm Eg%it@ R‘ioygm‘}a :téoE% aéﬁam&a*} gg\a %‘a«:?zr@m ¥ g}@a%*}‘;gln% the membranes with

87710 colony farming units per square om of membrane {OFUam®). The devices
wera challengsd with 50 mi of diluted Achsleplasima idiawil {A laidlawil) and than
Hushed with 50 mi of mycoplasma buffer for & todal of 100 mi The full 100 mi was then
filtered through a 0.23 wm sterilization membrane. Then, the procedure as taught in WG
2009032040, assignad to EMD Millipore Comporation, Billerica, MA, was followed,

wharein a mathod for ratention testing sterilizing grads filters comprises: a) providing a
stock of A, laidiawill; b) growing up the stock of AL laidiswdl for abotl 3¢ hours orlesg in g
single serum-free growth medium that supports cell growth to s high Wer and yislds &
cediular momhology wheare the cells are small, degraded and spherical, ihﬁes‘éﬁ\g
producing @ bactenal culturs; o) challenging & test ilter by filtering the bacterial cultuee
through the test ller at 3 known challengs level, theraby prodicing s fltrate
downstream of the test filler; and d} defecting concentration of A nidiawii i the filfrale.
Serum-free growih mesdia for culfivating o storing A aidlawil are also desoribed.

I31]  Brevundimonas dinnuta (B diminutg) retention was measunad in
accordance with ASTM procedure FE38-E3, "Standard Test Method for Delammining

Pacterial Ratention of Memivane Filters Ulilized for Liguid Fitration”



filtered through a 0.22 pm ateri Uzatiori nmenbrane. Then, the procedure as
taught 2009/ 032040, assigned to FMD M| hi pore Corporation, E3ilierica, MA
was fol | omeadpizmsaonet hod for retention testing steal or RPTIUSLEI2/030)549
providing a stock of A b) growing up the stock of A [|aidlaw bout 24 hours
or less in a |Ic serurth nediumthat supports cell growh to a p | ogy where
thecells are small, degraded and sph producing a bacterial culture; c)

chal l e ng ajgiaz} t efnbibdiidhbhetingsishgobesiton KBLEBATA nkests fol ter at a
known chal | enge | evel, thereby producing a filtrate downstream of the test

filter; amedd} det 9%&%@%%@&(@&*&@&@&&9@ab@éaﬁi@%@ SR e tgsawt h
media for cultivating or storing Alaidlawmi are also descri bed

[ 0131] Br ey UAdkaPRAS oA WEardR. sdhiBidilahakatnhisORs MRS TRASHE fdai8
accordance with ASTM prat'.Fn8-83, '"Standard Test Method for Det erm n| ng
WO 2012/ 1§§§7%P TL:ﬁ%@lZ/ 031549 [ 0132] Nanofi ber sanpl es were produced on NS
Lab 200. S mar e S.r. CZ.), a |l ab scale tool where rionclibers

are col | ect gta@%m&&%%paﬁ%m LXedloRuats SAP 0BBLNING @) £FLqdgoSamp es

prepared on’ h| NSt runment w i S stat

pr oduced o | a%,lg@ggwegggla AELAEEEA S }fhh PSR ol EHeR! bigeL | A

sanpl es WeEFe cont I nud ro

wher esubst r tes iLn_ele C ns'g tSt ? “ Py epar ation
moth dor tPhEY R PR Oﬁ%fé%%%f& coﬁ%% b et Aran %5”%% Lot B b
described,in re.detailin thg 1@ exa Ies of .t éa Qt |nvent| on
wi Il aleclra fﬁ** g wmiaut spaed, This %ampk\ HIERATATOn method s MR e BT

“dyramic mode” n the Examplas.

[0134]  Hereinafler the composite liguid fitration platform will be deseribed
more detal in the following examples, The examples of the present ivertion will
demonstrate that 8 composite slectrospun nancfibes mat can simultanenusly possess
both high permeability arud hygh retantion of bacleria, mycoplasma, or retrovirus,

01381 Example 1. Comparizon of alectrospun nanofibsy mats produced on g
IOIWWOVen versus an nanofiber mats produced a membrans,

IO138]  The composits iguid Siration phatforms provided hereln include nancfiber
lwyars mads by electrospinning a sclution of Nylan 8 polymsr. The Nylan § s suppiisd
by BASF Qorp., Flocham Park, NJ, USA, under the brand name Ultramid® 824, The

spinning solulion was preparad by miking 13% Nylon 8 (Ultram 1™ grade B24 N O wit
a blend of acetic acld, formic acid and water (2:2:1 weight ratio} for about & hours at
SO°C. The viscosity of the resulting solution was about 100 oF. The solution wag
rnediately spun using a S-wire spinning slecrade undsy 82V slectrio fisdd at different
collection times {gpin time),
{1377 For nanofibers spun on conventional nom-woven suppons, an

antistatically-coated nortwaven spunbonded polypropyiene materiad, svailable from

£y
Lot
prsi
hoof



denonstrate thasite el espun nanoti bet mat can sinultaneously possess both
high pernea |ilt and high retention of bacteria, nycoplasma, or r Exame 1.
Conpar i sonoavelssérpospun. .ts produced on a non-woves onPOANUSRO1LAB1SARL S
produced a nmenbrane. [01361TIlquid filtration platforns provided herein

i ncl ude nanofi ber |ayers nmade by elecirig a. solution of Nylon O pol yner.
The Nylon 6 is supplied by BASF Corp"ark, NJ" USA. under the brand nane
tiltram dviB2¢ines phainengies iy tinumwas e bpaciedsbyAmnd BFE3%0 dyrhomas
(Utramc? grade 824 NwWith a blend of acetic acid, formc acid and saht
rati o) fhigsedbout S hours at C. The viscosity of the resulting solution was
about 100 cP. The solution was nediately spun using aspinning el ectrode

tinder 52kV glieet r Fer hh@liBeal siflirorCObbetkir@SnmbdaiBsa (S0 B irktbd BREmABI ed
pun on conventional non-woven suppo spunbonded pol ypropyl ene naterial,

avai | abl &b Q@;a:@aé@@ﬂﬁﬁiﬁﬁg IVRENLEOBLBAATEX ik UaD GllinddBA under

the branBPP 30 gsm was used. 101381 For nanoti bers spun on-ous nenbrane. a

022 PM r at Qe 28YATRBA] dsed.

[(1138] The average fiber diameter of the electrospun mat produced was abowt
2530 nivy In an effort o quantify the property changes associaled with the differant
materiale used for nanofiber mat ooligction, the IPA bubhle point, as defined above, of
the composite structures as a function of spin time (which i usually direttly proportinnal
{o nanofiber mat thicknuess! was measwed,

01401 Figure 3 depicts the BP morease of 25 nm polyamide fibers spunona
nonwoYERn ve. an squivalent polvamide nanofiber spun on an asymmatric 0.32 pm ated
rrambrang

{01411 Example & Manufacture of mycoplasma-retentive somposite liguid
firation platform inchuding a composite Sitration medium featuring a nanofiber layer and
& support membrans,

{01423 The spinning solution was prepared by mixing 14% Nylon & (Ulramid®

B27 E 01) solution with a blend of acetic acid, formic acid and watler {2131 weight rato)

(o

for & hours al 830°C. The solution was immediately spun using a S.wirg spin
alectrode under B2kY slectric field. The non-woven supporied mals ware spun i siatin
mode with & spin time of 45 minutes. The porous membrangManoiiber composiie

samples ware spun in dynamic mogde whars the substrate, a membrane with a 0.5 um

%

rating {prafilter layer of Milipore Express”™ SHOC filter, EMD Milliure Corporation
Hillerica, MA}, was moving over spimming slectrades at a constant spead. The nanofiber

layer was peaied off the non-woven substeate iy testing, Whaen the aanofiber wasg

3
e



sterilization grade PES nenbraneavail abl e as Express' SHE from EMD

rvii Thpore Coro(used, [0139] The average fi ber dianmeter of the el ectrospun
mat prodwedomassa@bout O nrn, In an effort to quae propecrysedangsgo
associated with the differnt materials us'rnanofiber mat collection the |IPA
bubbl e point, as defined above, of the conposite structuresfunction of

spisis >usually directly proportional to anofibwC'' easured, 10140]
lure 3 depi@i@pulenBRrbAGERRS Ghehic2Brite POY BsRitseh&bans e WALIIR::dn NONWOVEN

vs. anpol yaM de nanofib r spun on an asymetric 0.22 pmrated nenbrane.

nuf act ur ex @kefuye epliagnRE QL @&k kb Rsfddrt atlon pebidisng-aneQBpasite:
tui kration nedium featuring a nanofi ber |ayer and a support m[01421The sng

sol uti on Was: R ERALEH PN F OB sBodkdhbfad ks B2 s Qdicg @b uti on
with a blend of acetic acid, fonacCid and waterweight ratio) for 5 bows at

80t. The Salthon Was. | IBdi-Ately; SPURNSRY v Cnih b8 SRR &lfGFode

der 82kV electric field. The non-woven supported mats were spun in static
node W t h, 28R id me of 45 minutes, The porous nenbranei nanofiberta
sanpl es warbstrate, a nenbrane with a 0.5 pmrating (prefilter |ayer of

MITi s SHC.f. i RO et BLLE L1 YR
| por € Bl 95 '?:%,Iaﬂ'tmlié §r§mé§¥§ﬁ{§%ﬂ szﬂl sgsgn; g’f”‘%i Ra%ﬁzﬁﬁég‘%g!é |‘-’é§‘r§‘l5%f%§‘%§)

wapi nni ng etectrodes a con r was

2822; \1\8,\5/%?%%%% %@%ﬁ%%r; L e%%' e mr\z/‘\g:]\gsnmt s%,.zrf]& g%talpg%r ;ﬂ%ﬁaﬁg%@é?ﬁﬂﬁ;ﬁ retention

incraase with the increass in the thickness of nancliber layer. A composils sample for
rycopdasma retention compnsing a membrane with & 0.5 @ rating {prefilfer layar of
Milipore Express® SHO fiter, EMD Millipore Compaoration, Billerioa, MA) and 3 nanofiber
layer wire proven (o be fully retentive al spin Hmes at and above 2 minutes.

{0144 Exampls 4. Manufacture of 8. diminuta-retentive composite liguid filleation
olatform including 8 composite filftration medium featuning a nanofiber aysr and a
support membrang composite filtration medium,

{01481 The spinning solution was prepared by miking 13% Nylon & Ulramid®
grade B 34 N 02) with a blend of avetic ackd and formio acid {21 weight raticy fr §
haurs af B0°C for the coarss non-woven supported case and by miking 12% Nyken 8
{Uttramid® grade B2T E 01} in a blend of acatic asid and formic acid (2:1 welght ratio}
for 5 howrs 8t 80°C for the composits filtration platform festuring & porous support
mambrane and a nanofiber layer, The solution was immeadiately spun using a Swins
apinning slectrods under 82kY eledric field. The comse non-woven supported mat was
spun iy static mode for 30 minutes and the membranainancliber compositas were spun
in dynamic mode where the subsirate, & membrane with a 4.5 pm rating {prefitfer layer

of Millipors Express™ SHC filter, EMD Millipors Corporation, Billerica, MA), movas over

apinning electodes af & constard speed. The nanofber layer was posted off the coamse



el ectrospun on a nenno, the Inenbopt together with the nanoliber i
subsequent testing. Next, disk sacut and ol aci ol ded devi ces descri bed above
for retenwDanizBsd’ong. Figure 4 shows perneabilio aie..porast@asnsisaet 9 L
RV): nanofi ber mat Spun on coarse non. ten and [0143] Exanple 3.

| nvestigation of spin tine in manufacturecoptasiiria-

| Tl gure 5 depicts rnycoplasma retention Increase with the increase in the

t hi cknessoafwnamnofivheatsl fayektind VOREPDSI @ olitamla fam nysophasame netention
conprising a inemhrane with a 0.5 pmrating (prefiiter layer of MIIipore.

Express Shnbidhbesas eiddakid-pomhenfeapoial iosubsBhlberntamg. M) qard a
nanof i ber | ayer were proven to be fully retentive at spin tines at and

above 2 mi;AMi@Swers dLA4inEaER, 87dm Mam:aGTa 8aRbrBior chibhitiasiet enhve
conposite liquid filtration platformlIncluding a conposite ti ltraflon

e am | SAUEINGANANRELDRd BURD AR LANGILATRABIE, falden (B

[0145]the Spinning solution was prepare y m xing 139 oNy on

ULl rgmr%%g%nggw@mmm 3y 0L FUfflaggel | © 201 0 and formic i¢

(2' 1 wei rat et for tne coarse non-woven supported case and

by12% Nyl 0Ny 46 t&*}?k'&,\;@? 93 Qe84 0f f&ﬁ\gﬂafstg @1@@! {gmm %ﬁfw; including &

Sot for the cor: tration ]at ouUs suppor

o opi ﬁﬂ?nég‘%@eﬁ?@%?h@ﬁ@' AP R ol Bl or ted

mat was spyn i n h% \émg‘e for 30 m nutes and theofiber conposite in
dynam c FESWHERE! “ﬂ‘é? WWEtrate, a rrenbrane 0 5 pm ratl ng (prel | bterayer

of MIIliporg re SHC filter, END M I |1 erica,

Wy moves. GUETT spl IRFHG R BcE R PR A BT (UHaT A gt Ber

Layer m§3ge§l‘?} scﬂ!ﬁf t?x & zg‘smm; of seatic acld, formic acid, and waler (301 waight ratin)
for & hours at 80°C. The solution was immadiately spun using & S-wire spinning
slectrods undey 52KV slectric field. The symmeliic mats weare spun in sistic mode with a
spin ime of 30 minutes. The membrans/nanofiber composits samples wers spun i
dynamic mods whers the substrate moves over spinning slectrodes at a constant
spasd. Next, dike samplss were cut and placed iy overmoldsd devices for mtention
testing. The nanofiber layer wes peoled off the nor-woven substrate for testing. Whan
the nanofibas was spun on & membrane, the mumbrans was kept together with the
nanofiber in subsequent lesting. Next, disk samples ware cul and placed in overmoided
devicas described abave for redention testing.

{1148] Both samples (norewoven supporied mals and membrangfanatiber
composites) were testad for retention in a two layer format. The plotted values for
mambrarganofiver composites include the additional resistance of two layers of
prefifter membrane. Figure ¥ shows permeabiliies of twa samples of similar Relrovirus

retention (> B LRV} nancfiber mat spun on a coarss non-wovan and 3 nanofiber mat

o

Lo



WD 2012/ 135679PCT/ US2012/ 031549 non-woven substrate for testing. Wen the
nanof i ber was spun on a nenbrane, the nenbrane was kept

t oget her ovDhersubeequent testing. Next, disk arnptes wereTwS2an@3phaced in
47mm st ai nl ess steel holders for retention testing. Figure 6 shows
pernmeabillties of two sanples of sirdlar B. dimnuta retention (> 9LRV):

fi ber mat spunoven and on nenti hr [0146) Exanple 5 Manufacture of a

conposi t ephih@ui Minbidibsiat Teniedt abhenspesd Fon btk dofntd &r adrminedi um fea us
support nmenbrane, 101471The spinning 827 E C) solution in a mxture of a
s-r et ent igd@npapefd-Bans kayebs &idnanEheparedAsidy #2%:Mehopid (U tram deb
grade acid; formc acid, and water (2:2:1 weight ratio) for hours at 80C

The sol utiomwas | TABAI Al @likiS PHRIUSERMIE: O & @ pSREAM NGmEheakLFRAad4nder

»

82kV electric field. The symetric mats were spun in static node with a
spin timg.f..30.m, ‘kgﬁﬁggp&mﬁgﬁg§§ne/nanofiber conposite sanples were spur
i n dynani ¢ node ere tﬁe substrate noves over spinningdes at constant
speed. Next, disc. sanples were cut and placed in overnoi ded devices for

£

retention testig;The-nanofiber—tayer-—v peeled offthenon-woven
substrat eWhen t he nanofi ber was spun on \g%@g%‘r‘ggg,“biteh%‘énéh%? ane was

together with the er in subsgguent-—-t-est 216 b Nekt dims.'r% saq‘gl-t S were
cut and pl aced in overnoi ded devi :eé’%@%@??bed gb’b\?*éfb‘ft%r r et BRtS6h testi ng
(01481Bot h sanpl es (non-woven supported mats and nenbranei nanoti ber
conmposites) iwere tested for retention ¥ a two | ayer format. The plotted
val ues for ne..nbranekanof.i-ber..cx).nposites.include.the. additignal....
resi stance bFXEWB'E Ap8rEPEET et ne gyrd’ 7 shows perl eabill i ti%s of two
sanples of simlar t v nenefiben on a coarse it nnanofi ber m
retention » § LRV

kept

\DU~uU7

Exampde 4. Baclatia 17 36 153
ratantion » § LRY
Example 8. Retrovirus 17 11 S84
ratention » 8 LRY

{O1G7] Example 8. Filtration throughput of 8 composte lquid filtration platform

neluding a composite liquid filtration medium featuring a retrovinis-relentive nanoliber
ayer and a porous suppot! membrane,

{0138} Figurs 8 depicts capacity comparisons of membrane/nanofiber
composites va. mambanss spun on coarss norewoven of same nancfiber and similar
retention for Mycoplasma. Throughput tests wers dong using a gil osll culture media
stream thal s customanty usad to test mycoplasma-retentive membranes with prefiiters.
This media stream cordaing 2 gfl Peplone from Sovimesal (Papaic) available from EMD
Chernicals, a subsidiary of Merck KGgA, Danmstadt, Germany; 1 g/l of Pluronic B8,
3.7 il sodium bicarbonate; and 10 ¢/l HyClone Powdered Tissue Culturs Media

DMEMHIgh availlable from Therme Saentifio Waltham | MA. The porous



able 1 der i) |IPA bubble points for supporting nenbrane and the conposites
manuf actured according to the exanpl es. Bubbl e points
measur edswppord135¢790. 5 pi n nmenbr aneand enbr anel nanef i bePCTAISP@I0B 539
[01371Exanpe 6, Filtration throughput of a conpo&te flqud filtratio inclu
ng a conposite liquid filtration nediumfeaturing a rt,i,tror layer and a
porous support nenbrane. [0138/Figure B depicts capacity conparisons of
nmenbr anelmanpfanbefareoPRagintRE Y Siru B ANE SURPY PrBle CORIS 8 poRQR- woven of
same nannifibei and siinilar retention for pi asma. Throughput tests were

done usi ngxaNhureR iz S tagaMdiRky ﬁyéﬁéﬁ?@m&;lé yoused tactimst BaMD
yoopl asma-retentive nenbranes with prefilters. This nedia stream contains 2

cif. Peptsmgs&r@m makikRapaie) m&%HaQ@sJ @m@@;@eﬂw%wﬁm@@ubmdl ary

of Merck K rnstadt, Germany; 1° luronic F- sot hum
bi car bongfesand«40; s gpe %\6&’ L eg,, ] Lure Nﬁ . ,DVEM Hi gh
EvaabeThgr Qrf}dm%’geﬁ fic Val E@ham - BEe The ﬁgﬁggx% e Ql%{;l;

2012/ 135@?%[’%]’ leZOlZ/ 031549 nenbranel nanof i ber conposite structure
hasprefitter”layer,a porous menbrane with a 0.5 umrating (prefilter |ayer

of Expr ess’ sy fit r rporation, Billerica, MA) which protects the
nanof i ber a ﬁﬁ@b %Sg{gn‘% G?h}gggl es thele structure to exhibits higher Ii

[ 01391Met hods .Q 0] The conposite i filtrati pratfanaccor dancee
present nti %ﬁ“ﬁ{ i et ar PR ﬁr%ﬁf‘}offﬁmz %3&%8@ HShEY gﬁ%élﬁ‘ B0t ect m
I ectroni Cswﬁgh?@ec&mf’{ :'3? %Qgt gelv%?ége pngm*awuif;zgs Bictechnoiogy,

misroelectronics, chamical processing, water freaiment, and other ligiid trestmant

indusioigs.
AR A The composite liguld fltration platforms as {aught herein are a highly

effective composite for filtering, separating, identfying, and/or detecting microorganisms
frorm a louid sample or bousd stream, as well as removing viruses or parlinulates.

101423 The composite Bguid filtration platforms as {aught harsin are parficulaty
usetul in oritioal filtration of sclulions and gases that may come info contact with or may
contain pharmaceutical and bivpharmaceutical compounds infended for human o
animal adminisiration.

101431 The compaosita Squud filtration platforms as aught harein may be used
witht any liguid sample preparation methods mcluding, bt not limited o,
chramatography; high pressure fiquid chromatography (HPLC): electrophorssis: get
fitrafion; sample centrifugation; ondling sample preparation; diagnostic lils testing;
dingrostic testing; high throughput swreaning, affinity binding assays; purification of a
figuid sampls; siie-based separatuon of the components of the fluld sampdy; physical
properties based sepgration of the components of the fuid sampls, chermrdeal properies

based separgtion of the componsniz of the fuld sampls, bivlogical propertiss hased

/
A



101411The conposite liquid filtration plafforns as taught e ".1 effective
conposite for filtering, separating, andl or detecting ntroogarusns e or

i quid stweam2ase?el | as renoving viruses or particul Poe/usemposiste |iquid
filtration platfornms asia ught herein are pa reulati inn of solutions and
gasescontact with or may contain pha.!: mceutical and bi opharnmaceutical cam
ctruer:art or anim[0143] The conposite iiquid filtration platforns as

taught herekniomk 8odrhEiHet SRk ;aua@rs@ﬁﬁﬁ@té@ﬁmmsb%ﬁ%ém &heN=ROO,
chromat ogr aphy; high pressure |iquid chromatography (HPLC); el ectropho

filtrati QRp~SARRIR 1eeRhdd-aa! HQROALLI I8 FATRLC -RRERBRAT BBiecfll agnosti ¢
kits testing; diagnostic testing; high throughput screening; affinity

bi ndi ng assgygi; PUr irk88ahbosidiRaMBL S0 PhE8: N8t 2BPALRN of Qf st he
conponents of the fluid sanple; physical propertie$s based separation of the

components ol LAeo L4t & SAITRL SuehBricalo br apacti es eparation of ‘the

conponents urd sa i ological properties based WO
2012/ 1356795@&1.1820%%031549 separation of,s of the fluid sanple;

el ectrostaticpéerti es based separa [0144) The con o of the fluid sanple; a.

g;\r,?f;gogr pls.s s%’ggnm a?hé %‘QQQ&&%&%@&Q&ES% as ’8} g Qﬂ«e@%m?“ra AR ;,% m\%&eg 3!3 graer on

xit, which may be uaed {o removs rmsroorganisms and particutates from a hgquid sampis
or stream. The KU may comprise, Tor sxample, one of morg compoesite filtration medium
noluding an elentrospurn nanofiber quid fittration layver an a porsus mewmbrang <s=mt;'%te
as laught herein, s along with ong or miore liquid filtration devices or supparts for
incorporating and using the composite Htration madi

101471 The kit may contaiy one or more control solutions, and may oplionally
include various butfers uselld i the methods of praciicing the wvention, such as wash
huffars for sliminating reagents or stiminating non-spedifically retained or bourgd matlsiizd
may optisnally be ncluded in the kil

o148 Other optional kit reagents include an elution buffer. Each of the bullers
may be provided in a separate container as a solution. Allernatively the buffers may be
provided i dry form or as a powder and may be madde up 83 a soludion acoording 1o the
usgr's desired application. bt this case the uffers may be providsd in packels.

{0148} The kit may provide a powst sourme in instances where the device s
awtomated as weall as 8 means of providing an extemal foroe such 88 8 vacwan pump.
The kit may also include instructions for using the electrospun nanoliber containing
foaid Sltration medium, device, support or substrste, andior for making up reagents

suitabls for use with the invention, and mathods of practicing inverdion. Optional

.
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1QL451Kits [01461The conposite filtration nedium as aught herein can be
provided as a icit. which may be -ed to renove m croorgani sns and

parti cul awe=xofwiesa7a | i quid canp or stream The Kitprise, pCorusexanpise? one
orlie filtration nmediumincluding an el ectrospun nanofiber liquid
filtration layer on a porous nmenbrane substrate as taught herein, as al ong
iiisd4ith one or nore liquid filtration devicesports for incorporating and

usi ng th&aﬁm@@x‘d{%&df&i L6 ahl GRaBRL W 40444 TheelinkotiiRY; 158 RiAh@IOREhQr NMDre
control solutions, and nay optionaby include hoes buffers useful in the

met hods  of, RERE LE GInlg (LS haventd @f‘tmesi%%téﬁﬂ‘/ﬁ'&ika%‘é frefchor elimnating

readnon-specificaily retained or bound material may optionally be included

in the Kit, s %&481(}1"*?@%59@#!*0:'&@1;? Kk biod & £ SedoRC WE@?Q‘}%;‘;@&'&Q@RQ@ ovi ded

iri a separateécontainer as a solution, “Alt'ernatively the buffers

ded . -@nd t A BSof i to ft
BL?:’L;I 6#1 %»ﬁlﬁé‘f RQE c‘ft hgﬁbﬁgﬁ%@;wﬁg dzgﬁ}éaﬂ%l‘ggge@&@%s t§§@t%s‘ 81“%:% 9]° The

£ t‘t OLet cata 5 T -‘n LEgE it
kit may prg{yﬁ@g FR { P'{{% p?e %a‘l@f X Cy\lpg Qse gev 8 %ng it ed as

web as’ a e an ex sUch as™a’ vacuum punp. The
kit may aliso, inglude t;lstructl ons for using the el ectrospun nanof| ber con
liquid flqlg’tf fgg‘gﬁgﬁ 7’@m devi ce, support or substrate f bi rocki ng, up
reagents It the nventi.on wae, or

recor di ng a&d anal y f*eﬁdg g?%i{ %ng?fﬂbg%ﬁﬂ’%‘f ’ﬁfﬂg‘ﬁ‘f‘ﬁc‘?‘i nij“fﬂ% ’gr’%f’htods of the
invention or while §| ng the d?w & of thehl gvﬁentwl on max al so be included.
(0150) Theé™{%t HRps k‘l‘t{ IGEREN R S Mwﬁf% RHER SN E 8/PERTht s conbi ned
in a si ngI e packag t he conmponents individually P packag *ed . nd sold

t oget her HEFgHen 6%%%%&?%‘#@5%‘&%@0&6?%@%?" L UEP GG 3% the
sanme page or doubl e-page spread in the catal og) [ 0151] The di scl osure set
forth abdvstmisd HEEMIASS! WUt FYlseiagpd i shipiting sense, because numsrous

variationg are possible. The subject matter of the nventions eludes all novel and
ronobvious combinations and subcombinations of the various slements, features,
functions, andfor properties disclosed heratrn, The Rollewing claims particularty point owt
ceriain combinations and subcombindtions regarded as novel and nonobvia
Invantions embodiad i other combinations and suboombinations of fealures, funtlions,
slements, andior properties may be claimed in applications claiming priority from this or
related application. Such claims, whether directed {0 o differant invention ar v the
same vention, and whether broadas, narmwer, squal, or differsnt i scope to the
original clabms, alse ave regardsd as nsluded within the subject matter of the nventions

of the present disciosurs



inventions with independent utility. Although each of these inventions has
been disclosed in its preferred fornm(s), the specific enbodi nents thereof
as di scl osedoendsé7bl ustrated herein are not to be consi g#era$2012/0a1s49 m ti ng
sense, because nunerous variations are possible. The subject matter of the
i nventions includes ail novel and nonobvi ous conbi nations and
subconbi nati ons of the various elenents. features. functions, and/or
properti egHdirsglosgmisierein, The following clains particularly point out
certain conbinati ons and subconbi nati ons regarded as novel and nonobvi ous
| nventions enbrparbieehrhpothasdie@abipiathihons and subconbi nati ons of
features, functions: elenents, arid/or properties nmay be clained in

appl i cations cl aj mAgs R-@bkhy ffom this or a related application Such
clainms: whether directed to a different invention or to the sane invention:

and whether br 0aglou DALAANERE nafBHAL )R It esienl diagpRe o the ori ginal
clains, also are regarded as included within the subject matter of the
nvent i ons of B RURSENL WeSGHASHE b HHT. 8 SHALMEDNIS: odecAipoEaUS
conposite medi a conpri'sing: a porous nenbrane, and a porous polyrnerc

nanof i berm&ﬁ%g}rwl ac,bran e. wherein the pore size of the nanofiber |ayer s
smalUer thanthe re size of the menb The conpoSi of cl -im 1. having a bubbe
poi nt neas St 20% greater thalienbrane al one 3. The conposite of LI: he

menbr ane 5 asymrebricesiénd! daiontldsvangst tebblabeamnéibnosrtorsghiwitas suilgbia fed

nano, i ber ayersi The c¢ m pozte of obim 1, wheofiber aye.isan el eotrospOn
mat . 6. THet coppdsh setest wdn firomiged paind dehe pebiyisahbahee. ein the nanori ber
| ayer conpripolynmer stin of polyirnide, aliphatic polyan de, aronalUc tate,

ol yet her, sul f.one lyuioly(urea . . . o
poty 3 f“ga {:‘ampgsﬁ{egas‘ocvi%@gn Ez herein the membrane is asymmatric and includes a

tight side.

4, The composite of olaim 1, whereln the nanofiber layver & symmstiic,
. The composite of claim 1, whersin the nanofiber laver is an slecirospin mat,

8. The composie of olaim 1, whaveln the nanofiber laver somprisss a polymer
saleoted from the group consisting of polvimide, aliphalic polyamide, srmalic
polyamida, palysulfone, callulose acetate, potyather sulfone, polyurethane, polyiures
urethane}, polybensimidazole, polystherimide, polyaanvionitiile, poly{ethylens
feraphthalale), polvoropyviene, pobraniing, poblethyiens oxidel, polylethyiene
naphthalate), polyibutylens ferephthalate), styrene bulaidisne rubber, palystyransg,
pbylvinyd ohdoride), polyiviny! alcohad), poly{vinylidena Suoride), polvivingt butylane), a

copolymer, derbvative compounids, or blends thereof.

7. The composite of claim 1, whereln the nanofiber layer comprises an aliphatio

polyamids,
&. The composite of daim 1, whereln the nanofiber layer comprines a blend of

polymars, copnlymers, and miktives thevent,



ur et hane), poh; benzi ndazoe, polyetherirnde. polyacrylonitt,p.oly(ethylerie
tereptithal ate)., poypropyene.oly(ethylene oxide): pelylethylen

n2pht ha. Iwoep12/13s670 ( but yene. fe .. pht. hal astyrene b. ut arberes2déabbsas ,

pol ystyrene, pol y(vi nyl al oohoh, p y(vinylidene fluor

e)., poly(vinyi butyleite.). a. copolyner,' Native conpounds, or bier ds:
thereof. The con cciitp of claintl, wherein the nanofibr |ayer be vases an
al i phati @ p: offya oBmbheis beniel damylng whesehineorprieeshoubioand Whxeapoymer s.
and m xtures there WD 2012/135679PCT/ US2012/ 031549 d. The corn, ota

t hi cknut (@ urn to about 500 pin The compo: Ito of claim1, having a total
t hi ckness from about 0 The conposite of claim1l, whereinariofib& |ayeris
formed by a proces cited fromthe group consist":potrohl oWl The conposite
of clai m' whéf @i tWe hahdfibe FTUMHHNEHTESTYR aBPY! [y ¥RINEPHE S¥anoi ay
sabout 100 PM 14, The conposite of claiml, wherein the nano fiber |ayera o
urn to ab®dit m

110 The composite of claim 1, whersin the nanofiber lavse is formed by a process

selectad from the group consisting of slectrospinning and slectroblowing,

P

2. The compaoside of olaim 1, wherein the nanofiber layer has g thicknass from abowt
1 o about 00 pm,

13, The composite of claimy 1, whersin the nanofiber laver has a thickness from aboud 1
{3 gbolt 100 um.

14, The composite of dlaim 1, wherain the nanofiber ey hag a thickness from ghout i
umt to about 385 gm.

15, The composits of claim {1, whersin the membrane has a thicknass from abot 10
um to about 800

18, The composite of claim 1, wherein the membrane has a thickness from about &8
pm o ahout 200 wm.

17. The compnsite of olaim 1, wharein the mambrang comprises one or mare layars

produced by solidion phase wwersion, thermally inilisted phass separation, vapor

nduced phase separation, track elching, biaxial stretehing, solvent atching and
combinations thereof.
18. The composite media of oigin 1 with mean flow bubible point e isopropanol

from about 10 psi to about 130 psi.

L
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15. The onposite of claim11. wherein the nenbrane h urnthout 500 pm The
conpai mn the nenbrane has a t bkness fromabo rn to about 200 pm 17. The
conpohe. meotwensseonpri ses one O nore |ayers produced lpyTasbubiossaphase
inversion thitiated phase separation, vapor induced phase separation, track
etching; biaxial stretching, solvent etching and conbi nations thereof. 18.
The conposite nmedia of claim1l with nean flew bubble point for cpropanol

bout 130 @S, A M03018hi3867OREH AIERAL A3LH%hd\ porous conposite inwire
or filtratio otisnmetric nmenbrane having a tight side an open sideJove g in

si ze between the; kh@ht Sl A RNIMORSANR msmﬁ@@kww%nmwwja £heh pthe
tight side, wherein the pore size on thetight Side ofpore size of the

pol yneri Gytd @raabiBek a!z@k%@w&ez‘oth%l*ight &@H@\éh%swml@;%«w ncritica fUraflon
| nporous asymmetri ¢ nmenbrane h: de, de and a pow si ze increasing

nSlze between theobigtoshisical o&&? b &I’:ﬁ%ﬁ bn¥Shel drh Bliehayi ng a_por ous

pol yneri c ranofiber |ayer i oca he asynmetric

menbr ane, V‘heru%ergsﬁt%‘%? £ ¢ Oﬁw% ;:»..EHS {}tf ﬁ'?hhga;s\li)gég§c~0t, & JERLANG.! S

i arger than pare size nano
size of the polymaric nanchiber layer,

28, A composiie filtration device for uss in nritical illration comprising:

a prefifter having & porous asymmetric membeane having a tight side, an open

(f)
ol
f'fz

d @ pore size ncreasing in size between the tight side and the open side, and
3 relentive filter having a porous polymaeric nanofiber layer located on the tght
side of the asymmetic mambrang, whaeein the pore size on the tight side of the

asymmatric mambrans is larger than pore size of the polymernic nanofiber layer,



